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(57) ABSTRACT

An organic electro-luminescence display (OLED) is pro-
vided. The OLED comprises a substrate, a plurality of
organic electro-luminescence devices, a first protective film,
a second protective film, and a third protective film. The
electro-luminescence devices are disposed over the substrate
and comprise a plurality of first, second and third light
organic electro-luminescence devices. The first, second and
third light organic electro-luminescence devices are covered
by the first, second and third protective films, respectively.
By using different protective films corresponding to different
light organic electro-luminescence devices, light emitted
from each organic electro-luminescence device has the
optimized intensity.
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ORGANIC ELECTRO-LUMINESCENCE DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an organic electro-
luminescence display (OLED), and more particularly to an
OLED with different protective films formed over different
light organic electro-luminescence devices.

[0003] 2. Description of the Related Art

[0004] Due to the advance of technology, technology with
respect to semiconductor devices and displays also dramati-
cally progresses. Among displays, organic electro-lumines-
cence displays (OLEDs) have no restriction of view angle;
low manufacturing costs; high response speed, more than
one hundred folds of response speed of liquid crystal dis-
plays; low-power consumption; direct current driving func-
tion applicable to portable apparatuses; wide operational
temperature range; light weight; small dimension varying
with hardware; and slimness. Thus, OLEDs have met the
requirements of multi-media displays. OLEDs are also very
promising and may become the main trend of next-genera-
tion panel displays.

[0005] In the luminescent mechanism of an OLED, elec-
trons and holes are met within the organic material layer to
emit photons. General organic materials are vulnerable to
moisture and oxidation. As a result, the material properties
may be changed, which affects luminescence or even makes
luminescent devices failed. Therefore, during manufacturing
OLEDs, how to prevent the organic material layer being
moistened and oxidized becomes an essential topic.

[0006] FIG. 1A is a cross sectional view of a portion of a
conventional OLED. Referring to FIG. 1A, the conventional
OLED 100 comprises a substrate 110, a plurality of organic
electro-luminescence devices 120 and a protective film 130.
Wherein, the organic electro-luminescence devices 120 are
disposed over the substrate 110. The organic electro-lumi-
nescence devices 120 comprise red, green and blue light
organic electro-luminescence devices 120a, 1205 and 120c,
respectively. The protective film 130 covers the organic
electro-luminescence devices 120 to prevent outside mois-
ture and oxygen from penetrating into the organic electro-
luminescence devices 120 so that the material and lumines-
cent property of the organic electro-luminescence devices
120 can be maintained. Wherein, the material of the pro-
tective film 130 usually is silicon nitride.

[0007] Another conventional OLED comprises a protec-
tive cap to prevent the outside moisture and oxygen from
penetrating into the organic electro-luminescence devices.
As shown in FIG. 1B, the conventional OLED 101 com-
prises the substrate 110, a plurality of organic electro-
luminescence devices 120 and a protective cap 140.
Wherein, the material of the protective cap 140 usually is
glass or metal.

[0008] In these conventional OLEDs 100 and 101, red
light, green light and blue light emitted from the red, green
and blue light organic electro-luminescence devices 120a,
1205 and 120c, respectively, have different light penetration
rates to the protective film 130 or the protective cap 140 due
to the different wavelengths of the red light, green light and
blue light. After penetrating through the protective film 130
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or the protective cap 140, red light, green light and blue light
cannot achieve its optimized light intensity respectively.

SUMMARY OF THE INVENTION

[0009] Accordingly, the present invention is directed to an
organic electro-luminescence display (OLED). Light emit-
ted from every type of the electro-luminescence devices has
the optimized intensity after penetrating through the protec-
tive film.

[0010] The present invention provides an OLED, which
comprises a substrate, a plurality of organic electro-lumi-
nescence devices, a first protective film, a second protective
film, and a third protective film. Wherein, the organic
electro-luminescence devices are disposed over the sub-
strate. The organic electro-luminescence devices comprise a
plurality of first light organic electro-luminescence devices,
a plurality of second light organic electro-luminescence
devices and a plurality of third light organic electro-lumi-
nescence devices. The first protective film covers the first
light organic electro-luminescence devices. The second pro-
tective film covers the second light organic electro-lumines-
cence devices. The third protective film covers the third light
organic electro-luminescence devices.

[0011] Ina preferred embodiment, the first, the second and
the third protective films have different thicknesses.

[0012] In a preferred embodiment, the first light organic
electro-luminescence devices are red light organic electro-
luminescence devices, the second light organic electro-
luminescence devices are green light organic electro-lumi-
nescence devices, and the third light organic electro-
luminescence devices are blue light organic electro-
luminescence devices. A thickness of the first protective film
is larger than a thickness of the second protective film, and
a thickness of the second protective film is larger than a
thickness of the third protective film.

[0013] Inapreferred embodiment, the first protective film
comprises at least one first low-refractive dielectric layer
and at least one first high-refractive dielectric layer, which
are alternately stacked. A material of the first low-refractive
dielectric layer comprises silicon dioxide and a material of
the first high-refractive dielectric layer comprises silicon
nitride.

[0014] In a preferred embodiment, the second protective
film comprises at least one second low-refractive dielectric
layer and at least one second high-refractive dielectric layer,
which are alternately stacked. A material of the second
low-refractive dielectric layer comprises silicon dioxide and
a material of the second high-refractive dielectric layer
comprises silicon nitride.

[0015] Inapreferred embodiment, the third protective film
comprises at least one third low-refractive dielectric layer
and at least one third high-refractive dielectric layer, which
are alternately stacked. A material of the third low-refractive
dielectric layer comprises silicon dioxide and a material of
the third high-refractive dielectric layer comprises silicon
nitride.

[0016] In a preferred embodiment, the organic electro-
luminescence devices comprise a plurality of passive
organic electro-luminescence devices or a plurality of active
organic electro-luminescence devices.
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[0017] The OLED of the present invention comprises
different protective films corresponding to different light
organic electro-luminescence devices. Light emitted from
each organic electro-luminescence device has its optimized
intensity after penetrating through the protective film. The
display quality of the OLED is thus improved.

[0018] The above and other features of the present inven-
tion will be better understood from the following detailed
description of the preferred embodiments of the invention
that is provided in communication with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1A is a cross sectional view of a portion of a
conventional OLED.

[0020] FIG. 1B is a cross sectional view of a portion of
another conventional OLED.

[0021] FIG. 2 is a cross sectional view of a portion of an
organic electro-luminescence display (OLED) according to
an embodiment of the present invention.

[0022] FIG. 2A is an enlarged cross sectional view show-
ing a protective film covering a red light organic electro-
luminescence device according to an embodiment of the
present invention.

[0023] FIG. 2B is an enlarged cross sectional view show-
ing a protective film covering a green light organic electro-
luminescence device according to an embodiment of the
present invention.

[0024] FIG. 2C is an enlarged cross sectional view show-
ing a protective film covering a blue light organic electro-
luminescence device according to an embodiment of the
present invention.

[0025] FIG. 3A is a graph showing a relationship between
the penetration rate and wavelength after light penetrates
through the protective film of FIG. 2A.

[0026] FIG. 3B is a graph showing a relationship between
the penetration rate and wavelength after light penetrates
through the protective film of FIG. 2B.

[0027] FIG. 3C is a graph showing a relationship between
the penetration rate and wavelength after light penetrates
through the protective film of FIG. 2C.

DESCRIPTION OF SOME EMBODIMENTS

[0028] FIG. 2 is a cross sectional view of a portion of an
organic electro-luminescence display (OLED) according to
an embodiment of the present invention. Referring to FIG.
2, the OLED 200 of the present invention comprises, for
example, a substrate 210, a plurality of organic electro-
luminescence devices 220, a first protective film 230q, a
second protective film 2305, and a third protective film
230c. Wherein, the organic electro-luminescence devices
220 are disposed over the substrate 210. The organic electro-
luminescence devices 220 comprise a plurality of first light
organic electro-luminescence devices 220qa, a plurality of
second light organic electro-luminescence devices 22054, and
a plurality of third light organic electro-luminescence
devices 220c¢. The organic electro-luminescence devices 220
can be, for example, passive organic electro-luminescence
devices or active organic electro-luminescence devices.

Dec. 21, 2006

[0029] Referring to FIG. 2, the protective films 230q,
2306 and 230c¢ cover the first light organic electro-lumines-
cence devices 220q, the second light organic electro-lumi-
nescence devices 2206 and the third light organic electro-
luminescence devices 220c¢, respectively, to prevent the
outside gas or moisture from penetrating into the organic
electro-luminescence devices 220. In order to achieve the
purpose that light emitted from each of organic electro-
luminescence devices 220 has the optimized intensity after
penetrating through the protective films 230a, 2305 and
230c, the protective films 230a, 2305 and 230c covering the
organic electro-luminescence devices 220a, 2205 and 220c,
respectively, are different. In a preferred embodiment, the
thickness of the first protective film 230a is al, the thickness
of the second protective film 2305 is bl, and the thickness
of the third protective film 230c¢ is cl, wherein these
thicknesses are different.

[0030] In a preferred embodiment, the first light organic
electro-luminescence devices 220a, the second light organic
electro-luminescence devices 2205 and the third light
organic electro-luminescence devices 220c can be, for
example, red, green and blue light organic electro-lumines-
cence devices, respectively. Additionally, the thickness al of
the first protective film 230a is larger than the thickness bl
of the second protective film 2305. The thickness b1 of the
second protective film 2305 is larger than the thickness c1 of
the third protective film 230c. Note that the method of
forming the protective films 230a, 2305 and 230c may use
the same shadow mask, which is used to deposit the organic
luminescence layer of the organic electro-luminescence
devices 220a, 2205 and 220c.

[0031] FIG. 2A is an enlarged cross sectional view show-
ing a protective film covering a red light organic electro-
luminescence device according to an embodiment of the
present invention. Referring to FIG. 2A, in a preferred
embodiment of the present invention, the protective film
230a covering the red light organic electro-luminescence
devices 220a comprises at least one low-refractive dielectric
layer 2324 and at least one high-refractive dielectric layer
234a, wherein the low-refractive dielectric layer 232a and
the high-refractive dielectric layer 234a are alternately
stacked. In FIG. 2A, the protective film 230a comprises
three low-refractive dielectric layers 232a, 2324' and 2324",
and two high-refractive dielectric layers 234a and 234d',
which are alternately stacked. The present invention, how-
ever, is not limited thereto. In an embodiment, the material
of the low-refractive dielectric layers 2324, 2324' and 232"
can be, for example, silicon dioxide; and the material of the
high-refractive dielectric layers 234a and 2344' can be, for
example, silicon nitride.

[0032] FIG. 2B is an enlarged cross sectional view show-
ing a protective film covering a green light organic electro-
luminescence device according to an embodiment of the
present invention. Referring to FIG. 2B, compared with the
protective film 230a over the red light organic electro-
luminescence devices 220q, the protective film 2305 over
the green light organic electro-luminescence devices 2205
has a larger thickness. In a preferred embodiment of the
present invention, the protective film 2305 covering the
green light organic electro-luminescence devices 2205 com-
prises at least one low-refractive dielectric layer 2325 and at
least one high-refractive dielectric layer 2345, wherein the
low-refractive dielectric layer 2324 and the high-refractive
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dielectric layer 2345 are alternately stacked. In FIG. 2B, the
protective film 2305 comprises three low-refractive dielec-
tric layers 2325, 2325' and 2325", and two high-refractive
dielectric layers 2345 and 2345, which are alternately
stacked. The present invention, however, is not limited
thereto. In an embodiment, the material of the low-refractive
dielectric layers 2325, 2325 and 2325" can be, for example,
silicon dioxide; and the material of the high-refractive
dielectric layers 234b and 2345 can be, for example, silicon
nitride.

[0033] FIG. 2C is an enlarged cross sectional view show-
ing a protective film covering a blue light organic electro-
luminescence device according to an embodiment of the
present invention. Referring to FIG. 2C, compared with the
protective film 2305 over the green light organic electro-
luminescence devices 2205, the protective film 230¢ over
the blue light organic electro-luminescence devices 220¢ has
a larger thickness. In a preferred embodiment of the present
invention, the protective film 230¢ covering the blue light
organic electro-luminescence devices 220¢ comprises at
least one low-refractive dielectric layer 232¢ and at least one
high-refractive dielectric layer 234c¢, wherein the low-re-
fractive dielectric layer 232¢ and the high-refractive dielec-
tric layer 234¢ are alternately stacked. In FIG. 2C, the
protective film 230c comprises three low-refractive dielec-
tric layers 232¢, 232¢" and 232¢", and two high-refractive
dielectric layers 234c and 234¢', which are alternately
stacked. The present invention, however, is not limited
thereto. In an embodiment, the material of the low-refractive
dielectric layers 232¢, 232¢' and 232¢" can be, for example,
silicon dioxide; and the material of the high-refractive
dielectric layers 234c and 234¢' can be, for example, silicon
nitride.

[0034] In the present invention, different protective films
230a, 2305 and 230c¢ are applied to different light organic
electro-luminescence devices 220a, 2205 and 220c, respec-
tively. This structure effectively prevents outside moisture
and oxygen from penetrating into the organic electro-lumi-
nescence devices 220a, 2205 and 220c. Damage is thus
prevented. Moreover, light emitted from every light organic
electro-luminescence devices 2204, 2205 and 220c¢ has the
optimized light intensity after penetrating through each of
the protective films 230a, 2305 and 230c¢. Accordingly, the
display quality of the OLED is improved.

[0035] Followings are experimental data indicating the
relationship of the protective film structures, thicknesses
wavelength and penetration rates to prove that the OLED of
the present invention can achieve the desired effectiveness.

TABLE 1
Refractive Film thickness

Protective film structure index of film (nm)
Low-refractive dielectric layer 1.45683 49.92
(silicon dioxide)

High-refractive dielectric layer 2.05201 8.62
(silicon nitride)

Low-refractive dielectric layer 1.45683 169.72
(silicon dioxide)

High-refractive dielectric layer 2.05201 50.01
(silicon nitride)

Low-refractive dielectric layer 1.45683 125.80
(silicon dioxide)

Whole dielectric structure 404.07
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[0036] Table I shows the data of the protective film in
FIG. 2A, wherein the material, the refractive index, and
thickness of each dielectric layer are listed. FIG. 3A is a
graph showing a relationship between the penetration rate
and wavelength after light penetrates through the protective
film of FIG. 2A. Referring to Table I, the protective film
230a comprises five dielectric layers stacked alternately.
Referring to FIG. 3A, while the light penetrates through the
protective film 230q, the maximum light penetration rate,
near to 100%, is obtained within the scope of the wavelength
between 600 nm and 700 nm, i.e., the red light range.
Accordingly, after penetrating the protective film 230q, the
red light emitted from the red light organic electro-lumines-
cence devices 220a has its optimized intensity.

TABLE II
Refractive Film thickness

Protective film structure index of film (nm)
Low-refractive dielectric layer 146132 29.96
(silicon dioxide)
High-refractive dielectric layer 2.05861 10.86
(silicon nitride)
Low-refractive dielectric layer 146132 14593
(silicon dioxide)
High-refractive dielectric layer 2.05861 33.86
(silicon nitride)
Low-refractive dielectric layer 146132 103.24
(silicon dioxide)
Whole dielectric structure 323.86

[0037] Table IT shows the data of the protective film in
FIG. 2B, wherein the material, the refractive index, and
thickness of each dielectric layer are listed. FIG. 3B is a
graph showing a relationship between the penetration rate
and wavelength after light penetrates through the protective
film of FIG. 2B. Referring to Table I, the protective film
230b comprises five dielectric layers stacked alternately.
Referring to FIG. 3B, while the light penetrates through the
protective film 2304, the maximum light penetration rate,
near to 100%, is obtained within the scope of the wavelength
from 475 nm to 550 nm, i.e., the green light range. Accord-
ingly, after penetrating the protective film 2305, the green
light emitted from the green light organic electro-lumines-
cence devices 2205 has its optimized intensity.

TABLE III
Refractive Film thickness

Protective film structure index of film (nm)
Low-refractive dielectric layer 1.46488 2631
(silicon dioxide)

High-refractive dielectric layer 2.06728 16.35
(silicon nitride)

Low-refractive dielectric layer 1.46488 118.77
(silicon dioxide)

High-refractive dielectric layer 206728 2232
(silicon nitride)

Low-refractive dielectric layer 1.46488 99.39
(silicon dioxide)

Whole dielectric structure 283.14

[0038] Table IIT shows the data of the protective film in
FIG. 2C, wherein the material, the refractive index, and
thickness of each dielectric layer are listed. FIG. 3C is a
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graph showing a relationship between the penetration rate
and wavelength after light penetrates through the protective
film of FIG. 2C. Referring to Table I11, the protective film
230¢ comprises five dielectric layers stacked alternately.
Referring to FIG. 3C, while the light penetrates through the
protective film 230¢, the maximum light penetration rate,
near to 100%, is obtained within the scope of the wavelength
from 375 nm to 475 nm, i.e., the blue light range. Accord-
ingly, after penetrating the protective film 230c, the blue
light emitted from the blue light organic electro-lumines-
cence devices 220c¢ has its optimized intensity.

[0039] Accordingly, the OLED of the present invention
includes the following advantages.

[0040] 1. Because the protective films of the OLED of the
present invention comprises multiple dielectric layers which
are alternately stacked, the outside oxygen and moisture are
effectively prevented from penetrating into the organic elec-
tro-luminescence devices.

[0041] 2. Because the OLED of the present invention
comprises different protective films corresponding to differ-
ent light organic electro-luminescence devices, the light
emitted from each organic electro-luminescence device has
the optimized intensity after penetrating through the protec-
tive film. The display quality of the OLED is thus improved.

[0042] Although the present invention has been described
in terms of exemplary embodiments, it is not limited thereto.
Rather, the appended claims should be constructed broadly
to include other variants and embodiments of the invention
which may be made by those skilled in the field of this art
without departing from the scope and range of equivalents of
the invention.

What is claimed is:
1. An organic electro-luminescence display (OLED),
comptising:

a substrate;

a plurality of organic electro-luminescence devices, dis-
posed over the substrate, wherein the organic electro-
luminescence devices comprise a plurality of first light
organic electro-luminescence devices, a plurality of
second light organic electro-luminescence devices, and
a plurality of third light organic electro-luminescence
devices;

a first protective film, covering the first light organic
electro-luminescence devices;

a second protective film, covering the second light organic
electro-luminescence devices; and

a third protective film, covering the third light organic
electro-luminescence devices.
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2. The OLED of claim 1, wherein the first protective film,
the second protective film, and the third protective film have
different thicknesses.

3. The OLED of claim 1, wherein the first light organic
electro-luminescence devices are red light organic electro-
luminescence devices, the second light organic electro-
luminescence devices are green light organic electro-lumi-
nescence devices, and the third light organic electro-
luminescence devices are blue light organic -electro-
luminescence devices.

4. The OLED of claim 3, wherein a thickness of the first
protective film is larger than a thickness of the second
protective film.

5. The OLED of claim 3, wherein a thickness of the
second protective film is larger than a thickness of the third
protective film.

6. The OLED of claim 1, wherein the first protective film
comprises at least one first low-refractive dielectric layer
and at least one first high-refractive dielectric layer, wherein
the first low-refractive dielectric layer and the first high-
refractive dielectric layer are alternately stacked.

7. The OLED of claim 6, wherein a material of the first
low-refractive dielectric layer comprises silicon dioxide.

8. The OLED of claim 6, wherein a material of the first
high-refractive dielectric layer comprises silicon nitride.

9. The OLED of claim 1, wherein the second protective
film comprises at least one second low-refractive dielectric
layer and at least one second high-refractive dielectric layer,
wherein the second low-refractive dielectric layer and the
second high-refractive dielectric layer are alternately
stacked.

10. The OLED of claim 9, wherein a material of the
second low-refractive dielectric layer comprises silicon
dioxide.

11. The OLED of claim 9, wherein a material of the
second high-refractive dielectric layer comprises silicon
nitride.

12. The OLED of claim 1, wherein the third protective
film comprises at least one third low-refractive dielectric
layer and at least one third high-refractive dielectric layer,
wherein the third low-refractive dielectric layer and the third
high-refractive dielectric layer are alternately stacked.

13. The OLED of claim 12, wherein a material of the third
low-refractive dielectric layer comprises silicon dioxide.

14. The OLED of claim 12, wherein a material of the third
high-refractive dielectric layer comprises silicon nitride.

15. The OLED of claim 1, wherein the organic electro-
luminescence devices comprise a plurality of passive
organic electro-luminescence devices or a plurality of active
organic electro-luminescence devices.
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