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OLED DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This Application claims priority of Taiwan Patent
Application No. 101117177, filed on May 15, 2012, the
entirety of which is incorporated by reference herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The disclosure relates to an OLED display, and in

particular relates to an OLED display having a low water/
oxygen vapor transmission rate (WVTR/OTR).

[0004] 2. Description of the Related Art

[0005] An organic light emitting diode (OLED) refers to a
semiconductor device which is capable of converting electric
energy into light energy and has advantages of self-lumines-
cence. slimness, high contrast, short response time (within a
few microseconds), wide viewing angles, low power con-
sumption, wide working temperature ranges, panel flexibility,
and so forth. Hence, the OLED is frequently applied to a
number of electronic products.

[0006] However, performance of the OLED decays by
moisture and oxygen, and therefore it is necessary to further
package the OLED to prevent entry of moisture and oxygen.
FIG. 1 shows a schematic view showing a packaging process
of a conventional OLED display, wherein environmental sub-
stances P (such as moisture, oxygen or dust) may enter a
region between a first substrate 110 and a second substrate
120, generally connected by a glass frit sealing 130, and
deteriorate the OLEDs deployed therein. To address this
issue, the whole OLED display is baked at a high-temperature
environment and the glass frit sealing 130 is hardened by a
laser device. However, the laser device is expensive and there-
fore, it is necessary to provide another OLED display to
reduce the manufacturing cost.

BRIEF SUMMARY OF THE INVENTION

[0007] Inlightofthe foregoing, one of the objectives of the
present invention is to provide an OLED display with better
moisture and oxygen blocking ability. Another objective of
the present invention is to provide an OLED display which
can be fabricated by a low-cost process.

[0008] In one exemplary embodiment, the OLED display
includes a first substrate, a second substrate, a first micro-
structure layer, a second micro-structure layer and an OLED.
The second substrate is disposed opposite to the first sub-
strate. The OLED display is disposed at the second substrate.
The first micro-structure layer is disposed between the first
and second substrates and includes a plurality of first protru-
sions, wherein the plurality first protrusions are disposed in a
positions corresponding to a peripheral region of the first
substrate. The second micro-structure layer includes a plural-
ity of second protrusions, wherein the first and second pro-
trusions are arranged alternatively.

[0009] Inthe embodiment, environmental substances enter
the region surrounded by the first protrusions by passing
through slits formed between the first and second protrusions.
[0010] In the embodiment, the first and second protrusions
respectively protrude from the first and second substrates and
each has a tapered shape. Namely, the cross section of the first
and second protrusions near the first and second substrates is
larger than that of the first and second protrusions further
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away from the first and second substrates. The environmental
substances enter the region surrounded by the first protru-
sions by passing through outer surfaces of the first protrusions
and the second protrusions. An acute angle formed between
the lateral side of each of'the first protrusions and the bottom
side of the corresponding first protrusion, is less than 70
degrees. Additionally, an acute angle formed between the
lateral side of each of the second protrusions and the bottom
side of the corresponding second protrusion, is less than 70
degrees.

[0011] In the embodiment, a maximum width of each the
first and second protrusions is ranged from 5 um to 25 um. A
pitch between each two of the adjacent first protrusions is
ranged from 10um to 30 um, and a pitch between each two of
the adjacent second protrusions is ranged from 10 um to 30
um.

[0012] Inthe other embodiment, the OLED display further
includes a passivation layer formed on the second micro-
structure layer and on the OLED.

[0013] Inthe other embodiment, the OLED display further
includes a sealant, connected between the first and second
substrates, wherein the peripheral region of the first substrate
is located at the inner side of the sealant. Specifically, the
peripheral region of the first substrate comprises an area
inwardly extending for a predetermined distance from a posi-
tion at which the sealant is connected to the first substrate,
wherein the predetermined distance is ranged from 0.5 cm to
lem.

[0014] In the other embodiment, the OLED display
includes a plurality of OLEDs and a color filter, and the
second micro-structure further includes a plurality of pixel
defined areas surrounded by the second protrusions, wherein
the OLEDs are disposed in the respective pixel defined areas,
and the color filter is disposed on the inner surface of the first
substrate corresponding to the display area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The disclosure is more fully understood by reading
the subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

[0016] FIG. 1 shows a cross-sectional view of a prior art
OLED display;
[0017] FIG. 2 shows a cross-sectional view of an OLED

display in accordance with one preferred embodiment of the
present invention;

[0018] FIGS. 3A and 3B show fabrication processes of a
first substrate, a color filter, and a first micro-structure;
[0019] FIGS.4A,4B, and 4C show fabrication processes of
a second substrate, a second micro-structure, OLEDs, and a
passivation layer.

[0020] FIG. 5A shows a top view of partial elements of the
OLED display of FIG. 2 observed from the inside of the
OLED display to the first substrate;

[0021] FIG. 5B shows a top view of partial elements of the
OLED display of FIG. 2 observed from the inside of the
OLED display to the second substrate;

[0022] FIG. 6 shows a top view of partial elements of the
OLED display of another embodiment observed from the
inside of the OLED display to the second substrate;

[0023] FIG. 7 is a schematic view showing the OLED dis-
play packaging process; and

[0024] FIG. 8 shows a schematic view ofthe OLED display
in accordance with one preferred embodiment of the present
invention.
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DETAILED DESCRIPTION

[0025] The following description is one of the embodi-
ments 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.

[0026] Referring to FIG. 2, an explosive view of an OLED
display 1 in accordance with an embodiment of the presented
invention is shown. The OLED display 1 in accordance with
the embodiment of the presented invention includes a first
substrate 10, a sealant 15, a color filter 20, a first micro-
structure layer 30, a second substrate 40, a second micro-
structure layer 50, a plurality of OLEDs 60 and a passivation
layer 70.

[0027] The first substrate 10 is a transparent glass plate,
with a display area AA and a peripheral region EA surround-
ing the display area AA. The sealant 15, adjacent to the lateral
side 11 of the first substrate 10, is connected between the first
substrate 10 and the second substrate 20, wherein the periph-
eral region EA of the first substrate 10 is located at the inner
side of the sealant 15. Specifically, the peripheral region EA
includes an area inwardly extending for a predetermined dis-
tance from a position at which the sealant 15 is connected to
the first substrate 10. In one non-limiting exemplary embodi-
ment, the predetermined distance is between a range from 0.5
cm to 1 cm. The sealant 15 may consist of materials having
favorable barrier properties such as Epoxy or silicon based
materials. The WVTR/OTR of the sealant 15 is preferably 20
g/M>-day or less.

[0028] The color filter 20 is disposed on the inner surface of
the first substrate 10 corresponding to the display area AA.
The first micro-structure layer 30 is disposed on the color
filter 20 and includes an overcoat layer 31 and a plurality of
first protrusions 33, wherein the first protrusions 33 are dis-
posed on the surface of the overcoat layer 31 that is corre-
sponding to the peripheral region EA of the first substrate 10.
Specifically, each of the first protrusions 33 protrudes from
the overcoat layer 31 witha first height H, in a direction away
from the first substrate 10. Additionally, because the cross
section of each of the first protrusions 33 decreases along an
extending direction thereof, an acute angle a, is formed
between the lateral surface of each first protrusion 33 and its
bottom surface. In one exemplary embodiment, the height H;
is between a range from 1.5 um to 7 um, and the acute angle
o, isless than 70 degrees. The width of the first protrusions 33
and the arrangement method of the first protrusions 33 will be
elaborated in the descriptions referring to FIG. SA.

[0029] In the embodiment, the color filter 20 is configured
to transfer the color of light emitted from the OLEDs 60.
However, in another embodiment, if the OLED layer emits
primary colors of light, such as red, green and blue (RGB) or
any other color of light, the second substrate 50 may also
simply be a dummy glass (not shown in the figure) without a
color filter formed thereon.

[0030] The second substrate 40 is a transparent glass plate
disposed opposite to the first substrate 10. The second micro-
structure layer 50 is formed on the inner surface of the second
substrate 40, wherein the second micro-structure layer 50
includes a plurality of second protrusions 53 and a plurality of
pixel defined areas 55 (for the sake of simplicity, only one
pixel defined area 55 is shown in FIG. 2).

[0031] Each second protrusion 53 is formed on a pixel
defined layer 51 of the second micro-structure layer 50 cor-
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responds to a space between each two of the adjacent first
protrusions 33 whereby the first protrusions 33 and second
protrusions 53 are alternatively arranged. That is, all of the
first protrusions 33 and all of the second protrusions 53 are
disposed at the peripheral region EA. Each second protrusion
53 protrudes from the pixel defined layer 51 with a height H,
in a direction away from the second substrate 40 and has a
tapered shape. Additionally, because the cross sectional area
of each of the second protrusions 53 decreases along the
extending direction thereof, an acute angle o, is formed
between the lateral surface of the second protrusions 53 and
its bottom surface. In one exemplary embodiment, the height
H, is between a range from 1.5 um to 7 um, and the acute
angle o, is less than 70 degrees. In the embodiment, the height
H, is equal to the height H,, but it should not be limited
thereto. The height H, may be larger or less than the height
H,, if the height H, is compatible with the height H,.

[0032] The pixel defined areas 55 are formed in a region of
the second micro-structure layer 50 corresponding to the
display area AA, and the OLEDs 60 are disposed in the
respective pixel defined areas 55. That is, the pixel defined
areas 55 and the OLEDs 60 are disposed on a region of the
first substrate 10 corresponding to the color filter 20. Each of
the OLEDs 60 includes a first electrode 61, a light-emitting
layer 63 and a second electrode 65, wherein the substance in
the light-emitting layer 63 is capable of emitting white light in
response to the voltage difference between the first and sec-
ond electrodes 63 and 65. The light emitted from the OLEDs
should not be limited to white light. In another embodiment,
the OLEDs 60 may produce primary colors of light, such as
red, green and blue (RGB) or any other color of light. The
passivation layer 70 is disposed on the second micro-structure
layer 50 and the OLEDs 60, wherein the passivation layer 70
may be formed of SiNx, SiOx, or A1203, Zr02, ZnO, HO2
or metal oxide, SiC, TiN or a combination thereof.

[0033] The fabrication method of the OLED display 1 of
the preferred embodiment of the invention will be discussed
in detail hereafter.

[0034] Referring to FIGS. 3A and 3B. In the beginning, as
shown in FIG. 3A, a first substrate 10 is provided, and a color
filter 20 is formed on the first substrate 10, and an overcoat
layer 31 is disposed on the color filter 20. Next, as shown in
FIG. 3B, a first micro-structure layer 30 is formed by a half
tone photolithography process, etching process, or the first
micro-structure layer 30 is superimposed on the first substrate
10. The first micro-structure layer 30 includes a plurality of
first protrusions 33 disposed on the overcoat layer 31. Note
that the first protrusions 33 and the upper surface of the
passivation layer 31 which is disposed on the color filter 20
are situated on different horizontal levels.

[0035] Referring to FIGS. 4A, 4B and 4C, on the other
hand, a second substrate 40 is provided, as shown in FIG. 4A,
and a plurality of electrodes 61 (only one electrode 61 is
shown in FIGS. 4A, 4B and 4C) are formed thereon, and a
pixel defined layer 51 is disposed on the first electrodes 61.
Next, as shown in FIG. 4B, a plurality of second protrusions
53 and a plurality of pixel defined areas 55 surrounded by the
second protrusions 53 are formed by a half tone photolithog-
raphy process, wherein the second protrusions 53 and the
upper surface of the pixel defined layer 51 are situated on
different horizontal levels, but it should not be limited thereto.
The second protrusions 53 and the upper surface of the pixel
defined layer 51 may be on the same horizontal level, if the
height and the arranged positions of first protrusions 33 are
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compatible with the second protrusions 53. Next, OLEDs 60
(only one OLED 60 is shown in FIGS. 4A, 4B and 4C) are
formed in the pixel defined areas 55, and the multilayer pas-
sivation layer 70 is deposited by low temperature CVD and
ALD techniques to dispose the OLEDs 60 and the second
protrusions 53.

[0036] Topviews observed from the inner side of the OLED
display 1 toward the first substrate 10 and second substrate 40
are shown in FIGS. 5A and 5B, respectively. After the
completion of the fabrication process (FIGS. 3A and 3B) for
the first substrate 10, the plurality of first protrusions 33 are
arranged on a peripheral area of the color filter 20, as shown
in FIG. 5A, and a pitch P, is formed between the bottoms of
each two ofthe adjacent first protrusions 33, wherein the pitch
P, is between a ranged from 10 um to 30 um, and the bottom
of each of the first protrusions 33 has a maximum width W,
which is between a range from 5 um to 25 um. Similarly, after
the completion of the fabrication process (FIGS. 4A, 4B and
4C) for the second substrate 40, the plurality of the second
protrusions 53, as shown in FIG. 5B, are arranged on a periph-
eral area of the OLEDs 60, and a pitch P, is between the
bottoms of each two of the adjacent second protrusions 53,
wherein the pitch P, is between a range from 10 um to 30 um,
and the bottom of each of the second protrusions 53 has a
maximum width W, which is between a range from 5 um to
25 um

[0037] The relative relationship of the first protrusions 33
and the second protrusions 53 will hereinafter be discussed in
detail. Referring to both FIGS. 5A and 5B, in the embodi-
ment, the first protrusions 33 and the second protrusions 53
are respectively arranged in rows in the vertical direction (X
direction), and each row of the first protrusions 33 and each
row of the second protrusions 53 are alternatively arranged in
a transversal direction (Y direction). FIG. 6 depicts another
arranged method of the first protrusions 33 and the second
protrusions 53 in an alternative embodiment, wherein the first
protrusions 33 are shown by a dash line for purposes of
illustration. In the alternative embodiment, the first protru-
sions 33 and the second protrusions 53 are respectively
arranged in rows in the vertical direction (X direction), and
each of the rows of the first protrusions 33 and each of the
rows of the second protrusions 53 are alternatively arranged
along a predetermined direction I, wherein the predetermined
direction I is between the vertical direction (X direction) and
the transversal direction (Y direction). In the embodiment, a
45 degree angle is formed between the predetermined direc-
tionI and the transversal direction (Y direction), but it should
not limited thereto. The angle between the predetermined
direction I and the transversal direction (Y direction) may be
modified according to demands.

[0038] Itshould benoted that in the above embodiments the
cross-sectional shape of each of the first protrusions 33 or
second protrusions 53 is circular, but it should not be limited
thereto. In another embodiment, the cross-sectional shape of
the first protrusions 33 and the second protrusions 53 may be
trapezoidal, a rhombus, polygonal, a cruciform, or any com-
bination thereof. On the other hand, to prevent interference
from occurring between the first protrusions and the adjacent
second protrusions, the maximum width W, of each of the
first protrusions is less than the pitch P, between each two of
the adjacent second protrusions, and the maximum width W,
of each of the second protrusions is less than the pitch P,
between each two of the adjacent first protrusions.
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[0039] Referring to FIG. 7, prior to the assembly of the first
substrate 10 and the second substrate 40, the sealant 15 is
applied on an region of the second substrate 40 adjacent to the
lateral side 41 of the second substrate 40 by anozzle 5, and the
filler 90 is dropped into the region surrounded by the sealant
15 with an ODF (one drop filling) process by a nozzle 3. Next,
as shown in FIG. 8, the first substrate 10 and the second
substrate 40 are combined with each other by CCD fine align-
ment techniques, such that each of the first protrusions 33 is
located in the spaces between each two of the adjacent pro-
trusions 53. Moreover, the filler 90 is cured by UV light
produced by an apparatus 7. In another alternative embodi-
ment, the filler 90 may include different materials which are
cured without the projection of UV light. Thus, the environ-
mental substances P have to pass through the slits formed
between the first protrusions 33 and the second protrusions 53
before it enters the inside of the OLED display 1. Addition-
ally, the slits formed between the first protrusions 33 and the
second protrusions 53 are not directly directed to the OLEDs
60 and are filled with the filler 90, whereby the path which
allows water to pass therethrough is elongated so as to create
a low water/oxygen vapor transmission rate (WVTR/OTR)
condition.

[0040] As a whole, in a direction from the outermost edge
of the OLED display 1 to the display area AA, the OLED
display 1 includes a plurality of first protrusions 33 and a
plurality of second protrusions 53, wherein one of the first
protrusions 33 or second protrusions 53 is adjacent to the
outermost edge of the OLEDs 60, and the other one of the first
protrusions 33 or second protrusions 53 is adjacent to the
display area AA.

[0041] The OLED display of the present invention utilizes
the incentive micro-structures to block environmental sub-
stances, thus providing a significant reduction in the water
vapor transmission rate (WVTR) without being processed by
a high cost laser device.

[0042] 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. An OLED display, comprising:

a first substrate;

a second substrate, disposed opposite to the first substrate;

an OLED, disposed on the second substrate;

a first micro-structure layer, disposed between the first and
second substrates and comprising a plurality of first
protrusions associated with a peripheral region of the
first substrate; and

a second micro-structure layer, comprising a plurality of
second protrusions, wherein the first protrusions and
second protrusions are altermatively arranged.

2. The OLED display as claimed in claim 1, wherein each
of the first protrusion protrudes along a direction away from
the first substrate and has a tapered shape, and each of the
second protrusion protrudes along a direction away from the
second substrate and has a tapered shape.

3. The OLED display as claimed in claim 2, wherein an
acute angle is formed between a lateral side of each of the first
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protrusion and a bottom side of the corresponding first pro-
trusion, and the acute angle is less than 70 degrees.

4. The OLED display as claimed in claim 2, wherein an
acute angle is formed between a lateral side of each of the
second protrusion and a bottom side of the corresponding
second protrusion, and the acute angle is less than 70 degrees.

5. The OLED display as claimed in claim 1, wherein a
maximum width of each of the first and second protrusions is
between a range from 5 um to 25 um.

6. The OLED display as claimed in claim 1, wherein a pitch
between each two of the adjacent first protrusions is between
arange of 10 um to 30 um, and a pitch between each two of the
adjacent second protrusions is between a range of 10 um to 30
um.

7. The OLED display as claimed in claim 1, further com-
prising a passivation layer formed on the second micro-struc-
ture layer.

8. The OLED display as claimed in claim 1, wherein a
height of each of the first and second protrusions is between a
range from 1.5 um to 7 um.
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9. The OLED display as claimed in claim 1, further com-
prising a sealant, connected between the first substrate and the
second substrate, wherein the peripheral region of the first
substrate is located at an inner side of the sealant.

10. The OLED display as claimed in claim 9, wherein the
peripheral region of the first substrate comprising an area
inwardly extending for a predetermined distance from a posi-
tion at which the sealant is connected to the first substrate,
wherein the predetermined distance is between a range from
05cmto 1 cm.

11. The OLED display as claimed in claim 1, comprising a
plurality of OLEDs, wherein the second micro-structure fur-
ther comprises a plurality of pixel defined areas surrounded
by the second protrusions, and the OLEDs are disposed in the
respective pixel defined areas.

12. The OLED display as claimed in claim 1, further com-
prising a color filter disposed on an inner surface of the first
substrate associated with the display area.
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