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(57) ABSTRACT

The present invention provides a white OLED display device
and a packaging method thereof. The white OLED display
device includes: a glass cover plate, a color filter layer coated
on the glass cover plate, a transparent protective layer cover-
ing the color filter layer, a hydrophobic layer self-assembled
on the transparent protective layer, a desiccant layer disposed
on the hydrophobic layer, and a TFT substrate disposed with
a white OLED layer. The color filter layer, the transparent
protective layer, the hydrophobic layer and the desiccant
layer are sandwiched between the glass cover plate and the
TFT substrate disposed with the white OLED layer. The
white OLED display device provided by the invention dis-
poses the hydrophobic layer on the transparent protective
layer, which can avoid the occurrence of mura caused by
uneven distribution of desiccant.
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1
WHITE OLED DISPLAY DEVICE AND
PACKAGING METHOD THEREOF

TECHNICAL FIELD

The present invention relates to the field of display tech-
nology, and particularly to a white OLED display device and
a packaging method thereof.

DESCRIPTION OF RELATED ART

OLED, i.e., organic light-emitting diode, has the charac-
teristics of self-emissive, high brightness, wide viewing
angle, high contrast, flexible and low energy consumption,
etc., and thus has been widely concerned. The OLED as a new
generation of display has begun to gradually replace the tra-
ditional LCD (Liquid crystal display) and widely used for
mobile phone screens, computer monitors and full-color tele-
visions, etc.

The traditional organic full-color display device is with
RGB three-color pixels formed on a TFT substrate, but a
manufacturing method thereofhas a high requirement for fine
mask, and thus it is difficult to achieve a high resolution
display device. Therefore, a structure of white light plus color
filter is adopted in the prior art to replace the RGB three-color
pixels structure. The structure of display with white light plus
color filter has been published in related patents.

Currently-used packaging technologies are: ultraviolet
(UV) curing sealant, glass powder laser sealing, face sealing,
sealant and desiccant fill sealing (dam and fill), film sealing
and so on. The packaging method of dam and fill is more
suitable for use in large-sized panel package.

As to a top-emission panel structure, if the liquid desiccant
is unevenly distributed, it may cause the occurrence of mura
(Mura is a phenomenon of various kinds of marks caused by
uneven display brightness). The reason is as follows: the
spreadability of liquid at an interface is relevant to the nature
of the interface. A polar liquid has a good spreadability (i.e.,
the contact angle is small) at a hydrophilic interface while has
a poor spreadability (i.e., the contract angle is large) at a
hydrophobic interface. On the contrary, a non-polar liquid has
a poor spreadability at the hydrophilic interface while has a
good spreadability at the hydrophobic interface. An untreated
inorganic protective layer interface generally is a hydrophilic
interface, but most of liquid desiccants are non-polar organ-
ics. Accordingly, in general, the desiccant has a poor spread-
ability on the CF (color filter) protective layer, and thus
uneven distribution phenomenon of the desiccant during the
production process easily occurs.

SUMMARY

Accordingly, embodiments of the present invention pro-
vides a white OLED display device and a packaging method
thereof, so as to solve the technical problem of the occurrence
of mura caused by uneven distribution of desiccant in the
prior art.

In order to solve the above described technical problem, an
embodiment of the present invention provides a white OLED
display device. The display device includes: a glass cover
plate, a color filter layer coated on the glass cover plate, a
transparent protective layer covering the color filter layer, a
hydrophobic layer self-assembled on the transparent protec-
tive layer, a desiccant layer disposed on the hydrophobic
layer, and a TFT substrate formed with a white OLED layer.
The color filter layer, the transparent protective layer, the
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hydrophobic layer and the desiccant layer are sandwiched
between the glass cover plate and the TFT substrate formed
with the white OLED layer.

According to a preferred embodiment of the present inven-
tion, the white OLED display device further includes a seal-
ant. The sealant is disposed at the periphery of the color filter
layer, the transparent protective layer, the desiccant layer, the
hydrophobic layer and the white OLED layer and sandwiched
between the glass cover plate and the TFT substrate for seal-
ing and protecting internal coatings of the white OLED dis-
play device. The transparent protective layer is an A1203
layer, a WO3 layer, a ZnO layer or a ZnSe layer, which does
not chemically react with the desiccant layer and is dense. An
area of the transparent protective layer is larger than or equal
to an area of the color filter layer to ensure the transparent
protective layer completely covering the color filter.

According to a preferred embodiment of the present inven-
tion, the hydrophobic layer is an organic acid molecule con-
taining alkyl chain, a chemical formula thereof is a fatty acid
R—(CH2)nCOOH, where nz=1, R is a terminal group selected
from the group consisting of methyl, vinyl and ethynyl.

According to a preferred embodiment of the present inven-
tion, the glass cover plate, the color filter layer, the transparent
protective layer, the desiccant layer and the hydrophobic
layer are vacuum bonded with the TFT substrate formed with
the white OLED layer. A filling method for the desiccant layer
is screen printing, drop coating or dispensing. The sealant is
cured at the periphery of the color filter layer, the transparent
protective layer, the desiccant layer, the hydrophobic layer
and the white OLED layer by ultraviolet light radiation.

According to a preferred embodiment of the present inven-
tion, the color filter layer is formed by coating RGB photo
resists on the glass cover plate. The desiccant layer is a cur-
able liquid desiccant, and the desiccant layer is cured on the
transparent protective layer by heating or ultraviolet light
radiation. The curable liquid desiccant is an aluminium-con-
taining polymer and a chemical formula thereof is [R—O—
Al=0]n, where n=1.

In order to solve the above technical problem, another
embodiment of the present invention provides a packaging
method of a white OLED display device. The packaging
method includes the following steps: coating a color filter
layer on a glass cover plate; coating a transparent protective
layer on the color filter layer to cover the color filter layer;
self-assembling a hydrophobic layer on the transparent pro-
tective layer; disposing a desiccant layer on the hydrophobic
layer; disposing a white OLED layer on a TFT substrate; and
bonding the TFT substrate disposed with the white OLED
layer with the glass cover plate disposed with the color filter
layer, the transparent protective layer, the hydrophobic layer
and the desiccant layer in a vacuum environment to thereby
form a white OLED display device.

According to a preferred embodiment of the present inven-
tion, the packaging method further includes: coating a sealant
at the periphery of the color filter layer, the transparent pro-
tective layer, the desiccant layer and the hydrophobic layer
and whereby the sealant is sandwiched between the glass
cover plate and the TFT substrate for sealing and protecting
internal coating of the white OLED display device. The trans-
parent protective layer is an A1203 layer,a WO3, a ZnO layer
or a ZnSe layer, which does not chemically react with the
desiccant layer and is dense. An area of the transparent pro-
tective layer is larger than or equal to an area of the color filter
layer to ensure the transparent protective layer completely
covering the color filter layer.

According to a preferred embodiment of the present inven-
tion, the hydrophobic layer is an organic acid molecule con-
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taining alkyl chain, and a chemical formula thereof is a fatty
acid R—(CH2)nCOOH, where nz1, R is a terminal group
selected from the group consisting of methyl, vinyl and ethy-
nyl.

According to a preferred embodiment of the present inven-
tion, the glass cover plate, the color filter layer, the transparent
protective layer, the desiccant layer and the hydrophobic
layer are vacuum bonded with the TFT substrate disposed
with the white OLED layer. A filling method for the desiccant
layer is screen printing, drop coating or dispensing. The seal-
ant is cured at the periphery of the color filter layer, the
transparent protective layer, the desiccant layer, the hydro-
phobic layer and the white OLED layer by ultraviolet light
radiation.

According to a preferred embodiment of the present inven-
tion, the color filter layer is formed by coating RGB photo
resists on the glass cover plate. The desiccant layer is a cur-
able liquid desiccant, and the desiccant layer is cured on the
transparent protective layer by heating or ultraviolet light
radiation. The curable liquid desiccant is an aluminium-con-
taining polymer, and a chemical formula thereof is [R—O—
Al—0]n, where nz1.

Compared with the prior art, the white OLED display
device and the manufacturing method thereof provided by the
present invention dispose the hydrophobic layer on the trans-
parent protective layer, which can avoid the occurrence of
mura caused by uneven distribution of desiccant.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to more clearly illustrate the technical solutions of
various embodiments of the present invention, drawings will
be used in the description of embodiments will be given a
brief description below. Apparently, the drawings in the fol-
lowing description only are some embodiments of the inven-
tion, the ordinary skill in the art can obtain other drawings
according to these illustrated drawings without creative
effort. In the drawings:

FIG. 1is a schematic structural view of a preferred embodi-
ment of awhite OLED display device according to the present
invention; and

FIG. 2 is a flowchart of a packaging method of a white
OLED display device according to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

In the following, with reference to accompanying drawings
of embodiments of the present invention, technical solutions
in the embodiments of the present invention will be clearly
and completely described. Apparently, the embodiments of
the present invention described below only are a part of
embodiments of the present invention, but not all embodi-
ments. Based on the described embodiments of the present
invention, all other embodiments obtained by ordinary skill in
the art without creative effort belong to the scope of protec-
tion of the present invention.

Referring to FIG. 1, FIG. 1 is a schematic structural view of
a preferred embodiment of a white OLED display device
according to the invention. The white OLED display device
includes: a glass cover plate 101, a color filter (CF) layer 102,
a transparent protective layer 103, a hydrophobic layer 104, a
desiccant layer 106, a white OLED layer 108 and a TFT (thin
film transistor) substrate 107.

Concretely speaking, the color filter layer 102 is coated on
the glass cover plate 101. The color filter layer 102 is formed
by coating RGB photo resists on the glass cover plate 101.
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The transparent protective layer 103 covers the color filter
layer 102. The transparent protective layer 103 is an A1203
(aluminium oxide) layer, a WO3 (tungsten trioxide) layer, a
Zn0 (zinc oxide) layer or a ZnSe (zinc selenide) layer, which
does not chemically react with the desiccant layer and is
dense. Of course, the transparent protective layer may be
other inorganic coating, and it is not limited herein.

In addition, an area of the transparent protective layer 103
is larger than or equal to an area of the color filter layer 102 to
ensure the transparent protective layer 103 completely cov-
ering the color filter layer 102 and provide the color filter
layer 102 with complete protection.

The hydrophobic layer 104 is formed on the transparent
protective layer 103 by self-assembly. The so-called self-
assembly is a technique that makes basic structural units
(such as molecules, nanomaterials, micro or even more large-
sized substances) spontaneously form an ordered structure. In
the self-assembling process, the basic structural units spon-
taneously organize or aggregate into a stable structure with
certain regular geometric appearance based on non-covalent
interactions.

The hydrophobic layer 104 may be an organic acid mol-
ecule containing an alkyl chain, e.g., a fatty acid, a chemical
formula thereof is R—(CH2)nCOOH, where nz1, R is a
terminal group such as methyl, vinyl or ethynyl.

The desiccant layer 106 is disposed on the hydrophobic
layer 104. A coating method for the desiccant layer 106 may
be screen printing, drop coating, or dispensing, etc. The des-
iccant layer 106 may be a curable liquid desiccant, for
example a thermosetting liquid desiccant, the desiccant layer
is cured on the hydrophobic layer 104 by heating or ultravio-
let (UV) light radiation. The curable liquid desiccant may be
an aluminium-containing polymer, and a chemical formula
thereof is [R—O-—AI=0]n, where nz1.

The white OLED layer 108 is disposed on the TFT sub-
strate 107. The glass cover plate 101, the color filter layer 102,
the transparent protective layer 103, the hydrophobic layer
104 and the desiccant layer 106 together are bonded with the
TFT substrate 107 formed with the white OLED layer 108 in
a vacuum environment, so as to ensure the display effect of
the display device being not affected by gas existing among
these layers.

Preferably, the white OLED display device further
includes a sealant 105. The sealant 105 is disposed at the
periphery of the color filter layer 102, the transparent protec-
tive layer 103, the hydrophobic layer 104 and the desiccant
layer 106, i.e., outside an AA (active area) of the glass cover
plate 101 and sandwiched between the glass cover plate 101
and the TFT substrate 107, so as to seal and protect internal
coatings of the white OLED display device. The sealant 105
can be cured at the periphery of the color filter layer 102, the
transparent protective layer 103, the hydrophobic layer 104
and the desiccant layer 106 by ultraviolet light radiation.

The white OLED display device provided by the embodi-
ment of the invention disposes the hydrophobic layer on the
transparent protective layer, which can avoid the occurrence
of mura caused by uneven distribution of desiccant to affect
the display effect of the display device.

Another embodiment of the invention provides a packag-
ing method of white OLED display device. Referring to FIG.
2, FIG. 2 is a flowchart of the packaging method of a white
OLED display device according to the invention. The pack-
aging method includes but not limited to the following steps:

STEP1,RGB photo resists are coated on a glass cover plate
101 to form a CF (color filter) layer 102. The CF layer 102
covers the AA (active area) of the display device.
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STEP 2, a transparent protective layer 103 is formed on the
CF layer 102. An area of the transparent protective layer 103
is larger than or equal to an area of the CF layer 102, so as to
ensure the transparent protective layer 103 completely cov-
ering the color filter layer 102 and thereby provide the color
filter layer 102 with complete protection.

The transparent protective layer 103 is an AI203 layer, a
WO3 layer, a ZnO layer or a ZnSe layer, which does not
chemically react with the desiccant layer 106 and is dense. Of
course, the transparent protective layer 103 may be other
inorganic coating, and it is not limited herein.

STEP 3, a hydrophobic layer 104 is formed on the trans-
parent protective layer 103 by self-assembly. The so-called
self-assembly is a technique that basic structural units (such
as molecules, nanomaterials, micro or even more large-sized
substance) spontaneously form an ordered structure. In the
self-assembling process, the basic structural units spontane-
ously organize or aggregate into a stable structure with certain
regular geometric appearance based on non-covalent interac-
tions.

The hydrophobic layer 104 may be an organic acid mol-
ecule containing alkyl chain, e.g., a fatty acid with a chemical
formula R—(CH2)nCOOH, where nz1, R is a terminal group
such as methyl, vinyl or ethynyl.

STEP 4, a sealant 105 is coated outside an AA (active area)
ofthe glass cover plate 101, and a liquid desiccant 106 is filled
inside the sealant 105 and on the hydrophobic layer 104.

A filling method of the desiccant layer 106 may be screen
printing, drop coating, or dispensing, etc. The desiccant layer
106 may be a curable liquid desiccant, for example a thermo-
setting liquid desiccant, and the desiccant laver 106 is cured
on the hydrophobic layer 104 by heating or ultraviolet (UV)
light radiation. The curable liquid desiccant may be an alu-
minium-containing polymer, and a chemical formula thereof
is [R—O—Al=—0]n, where nz=1.

The sealant 105 is coated at the periphery of the color filter
layer 102, the transparent protective layer 103, the hydropho-
bic layer 104 and the desiccant layer 106, i.c., outside the AA
ofthe glass cover plate 101 and sandwiched between the glass
cover plate 101 and the TFT substrate 107, so as to seal and
protect internal coatings of the white OLED display device.

STEP 5, the glass cover plate 101 is bonded with the TFT
substrate 107 formed with a white OLED layer 108 in a
vacuum environment, so as to ensure the display effect of the
display device being not affected by gas existing between the
substrate and the plate.

STEP 6, the sealant 105 is cured. Specifically, the sealant
105 can be cured at the periphery of the color filter layer 102,
the transparent protective layer 103, the hydrophobic layer
104 and the desiccant layer 106 by ultraviolet (UV) light
radiation or heating via other heat source.

The packaging method of a white OLED display device
provided by the embodiment of the invention disposes the
hydrophobic layer on the transparent protective layer, which
can avoid the occurrence of mura caused by uneven distribu-
tion of desiccant to affect the display effect of the display
device. Moreover, the sealant is cured by UV, which can
ensure the substrate and the plate being securely fasten
together and having an excellent sealing therebetween.

While the invention has been described in terms of what is
presently considered to be the most practical and preferred
embodiments, it is to be understood that the invention needs
not be limited to the disclosed embodiment. On the contrary,
it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the
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6

appended claims which are to be accorded with the broadest
interpretation so as to encompass all such modifications and
similar structures.

What is claimed is:

1. A white OLED (organic light-emitting diode) display
device comprising:

a glass cover plate;

a color filter layer coated on the glass cover plate;

atransparent protective layer covering the color filter layer;

ahydrophobic layer self-assembled on the transparent pro-
tective layer;

a desiccant layer disposed on the hydrophobic layer; and

a TFT substrate formed with a white OLED layer;

wherein the color filter layer, the transparent protective

layer, the hydrophobic layer and the desiccant layer are
sandwiched between the glass cover plate and the TFT
substrate formed with the white OLED layer;

wherein the white OLED display device further comprises

a sealant, the sealant is coated at the periphery of the
color filter layer, the transparent protective layer, the
desiccant layer, the hydrophobic layer and the white
OLED layer and sandwiched between the glass cover
plate and the TFT substrate to thereby seal and protect
internal coatings of the white OLED display device; the
transparent protective layer is a AI203 layer, a WO3
layer, a ZnO layer or a ZnSe layer, which does not
chemically react with the desiccant layer and is dense,
and an area of the transparent protective layer is larger
than or equal to an area of the color filter layer to thereby
ensure the transparent protective layer completely cov-
ering the color filter layer; the glass cover plate, the color
filter layer, the transparent protective layer, the desiccant
layer and the hydrophobic layer are vacuum bonded with
the TFT substrate formed with the white OLED layer; a
filling method for the desiccant layer is screen printing,
drop coating or dispensing, wherein an area of the trans-
parent protective layer is larger than or equal to an area
of the color filter layer to thereby ensure the transparent
protective layer completely covering the color filter
layer, wherein the hydrophobic layer is an organic acid
molecule containing alkyl chain, and a chemical formula
is a fatty acid R—(CH2)nCOOH, where n>1, R is a
terminal group selected from the group consisting of
methyl, vinyl and ethynyl.

2. The white OLED display device according to claim 1,
wherein the glass cover plate, the color filter layer, the trans-
parent protective layer, the desiccant layer and the hydropho-
bic layer together are vacuum bonded to the TFT substrate
formed with the white OLED layer.

3. The white OLED display device according to claim 1,
wherein a filling method for the desiccant layer is screen
printing, drop coating or dispensing.

4. The white OLED display device according to claim 1,
wherein the sealant is cured at the periphery of the color filter
layer, the transparent protective layer, the desiccant layer, the
hydrophobic layer and the white OLED layer by ultraviolet
light radiation.

5. The white OLED display device according to claim 1,
wherein the color filter layer is formed by coating RGB photo
resists on the glass cover plate; the desiccant layer is a curable
liquid desiccant, the desiccant layer is cured on the transpar-
ent protective layer by heating or ultraviolet light radiation,
and the curable liquid desiccant is an aluminium-containing
polymer and a chemical formula thereof is [R—O—AI—0]
n, where nz1.
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6. A packaging method of a white OLED display device,
comprising the following steps:

coating a color filter layer on a glass cover plate;

coating a transparent protective layer on the color filter
layer to cover the color filter layer;

self-assembling a hydrophobic layer on the transparent
protective layer, wherein the hydrophobic layer is an
organic acid molecule containing alkyl chain, and a
chemical formula is a fatty acid R—(CH2)nCOOH,
where n>>1, R is a terminal group selected from the group
consisting of methyl, vinyl and ethynyl;

disposing a desiccant layer on the hydrophobic layer;

disposing a white OLED layer on a TFT substrate;

vacuum bonding the TFT substrate disposed with the white
OLED layer with the glass cover plate disposed with the
color filter layer, the transparent protective layer, the
hydrophobic layer and the desiccant layer, to thereby
form a white OLED display device;

coating a sealant at the periphery of the color filter layer,
the transparent protective layer, the desiccant layer and
the hydrophobic layer and whereby the sealant is sand-
wiched between the glass cover plate and the TFT sub-
strate to seal and protect internal coatings of the white
OLED display device, wherein an area of the transparent
protective layer is larger than or equal to an area of the
color filter layer to thereby ensure the transparent pro-
tective layer completely covering the color filter layer;
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wherein the transparent protective layer is an A1203 layer,
a WO3 layer, a ZnO layer or a ZnSe layer, which does
not chemically react with the desiccant layer and is
dense.

7. The packaging method according to claim 6, wherein the
glass cover plate, the color filter layer, the transparent protec-
tive layer, the desiccant layer and the hydrophobic layer are
vacuum bonded with the TFT substrate disposed with the
white OLED layer.

8. The packaging method according to claim 6, wherein a
filling method for the desiccant layer is screen printing, drop
coating or dispensing.

9. The packaging method according to claim 6, wherein the
sealant is cured at the periphery of the color filter layer, the
transparent protective layer, the desiccant layer, the hydro-
phobic layer and the white OLED layer by ultraviolet light
radiation.

10. The packaging method according to claim 6, wherein
the color filter layer is formed by coating RGB photo resists
on the glass cover plate; the desiccant layer is a curable liquid
desiccant, the desiccant layer is cured on the transparent
protective layer by heating or ultraviolet light radiation, the
curable liquid desiccant is an aluminium-containing polymer
and a chemical formula thereof is [R—O-—Al=0]n, where
nzl.
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