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(57) ABSTRACT

A photoresist, a patterning method of a quantum dot layer,
a QLED, a quantum dot color filter and a display device are
disclosed, which can solve the problem that current pattern-
ing methods destroy quantum dots. The patterning method
of a quantum dot layer includes the steps of: forming a
hydrophilic photoresist pattern which comprises forming a
photoresist material layer on a substrate by using a photo-
resist, patterning the photoresist material layer to form a
photoresist pattern, and subjecting the photoresist to hydro-
philic treatment; applying quantum dots; removing the quan-
tum dots retained on the photoresist pattern; and stripping
the photoresist pattern. The patterning method of a quantum
dot layer in the present disclosure can improve the hydro-
philic performance of the photoresist and reduce the adhe-
sion of the lipophilic quantum dots on the photoresist.
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HYDROPHILIC PHOTORESIST,
PATTERNING METHOD OF QUANTUM DOT
LAYER AND QUANTUM DOT
LIGHT-EMITTING DIODE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to a
hydrophilic photoresist, a patterning method of a quantum
dot layer, a quantum dot light-emitting diode (OLED), a
quantum dot color filter, and a display device.

BACKGROUND

[0002] A quantum dot (QD), which is also called a nanoc-
rystal, is a nanoparticle composed of elements of Groups 11
and VI or elements of Groups III and V. Because electrons
and holes are subject to quantum confinement, a continuous
energy band structure becomes a discrete energy level
structure with molecular characteristics. After being excited
the quantum dot can emit fluorescence, and the lumines-
cence spectrum can be controlled by changing the size of the
quantum dot. With good fluorescence intensity and stability,
quantum dots are good electroluminescent materials.
[0003] At present, quantum dots have been widely used in
the display field as display materials. For example, by using
quantum dots as light-emitting materials in a light-emitting
layer, a quantum dot light-emitting diode has been manu-
factured.

[0004] The inventors have found that at least the following
problems exist in the prior art: because quantum dots are not
small molecular organic materials, there is currently no
quantum dot patterning method suitable for mass produc-
tion.

[0005] At the same time, patterning cannot be conducted
by means of evaporation and ink jetting. At present, a
generally accepted method in the industry is a transfer
printing method, which is yet immature, involves great
technical difficulty, and currently cannot be used for mass
production. In addition, there are quite few suppliers for
transfer printing equipment, which restricts the development
of QLED.

SUMMARY

[0006] Embodiments of the present disclosure provide a
patterning method of a quantum dot layer to solve the
problem that current patterning methods would destroy
quantum dots.

[0007] The technical solution used to solve the problem is:
[0008] a patterning method of a quantum dot layer, com-
prising the steps of:

[0009] forming a photoresist material layer on a substrate,
patterning the photoresist, and subjecting the photoresist to
hydrophilic treatment;

[0010] applying quantum dots;

[0011] removingthe quantum dots remaining (retained) on
the photoresist; and

[0012] stripping the photoresist.

[0013] There is no limitation on the order of the steps of
forming a photoresist material layer on a substrate, pattern-
ing the photoresist, and subjecting the photoresist to hydro-
philic treatment.

[0014] Subjecting the photoresist to hydrophilic treatment
may be carried out after forming a photoresist material layer
on a substrate but before patterning the photoresist, or be
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carried out after forming a photoresist material layer on a
substrate and patterning the photoresist.

[0015] The steps of forming a photoresist material layer on
a substrate, patterning the photoresist, and subjecting the
photoresist to hydrophilic treatment together lead to a pat-
tern of hydrophilic photoresist. The pattern of hydrophilic
photoresist precisely exposes a region required to be coated
with quantum dots on the substrate.

[0016] Insome embodiments, subjecting the photoresist to
hydrophilic treatment is carried out before forming a pho-
toresist material layer, wherein forming a photoresist mate-
rial layer on a substrate and subjecting the photoresist to
hydrophilic treatment comprise:

[0017] mixing the photoresist with a hydrophilic dialde-
hyde to obtain a hydrophilic photoresist containing a hydro-
philic group; and

[0018] patterning after forming the above hydrophilic
photoresist material layer on the substrate.

[0019] Insome embodiments, a content of the hydrophilic
dialdehyde in the hydrophilic photoresist is from about 1 wt.
% to about 20 wt. %.

[0020] Insome embodiments, subjecting the photoresist to
hydrophilic treatment is carried out after forming a photo-
resist material layer, wherein subjecting the photoresist to
hydrophilic treatment comprises:

[0021] preparing an aqueous solution of a hydrophilic
dialdehyde containing an acid, wherein the hydrophilic
dialdehyde contains a hydrophilic group;

[0022] soaking the substrate which has been provided with
the photoresist material layer in the aqueous solution; and
[0023] heating the substrate to form a hydrophilic group
on the surface of the photoresist.

[0024] In some embodiments, the acid is one or more
selected from the group consisting of an oxalic acid, a
maleic acid, a maleic acid anhydride, an acetic acid, a
trichloroacetic acid, a benzenesulfonic acid, a tartaric acid,
a citric acid and a racemic malic acid.

[0025] In some embodiments, the aqueous solution of the
hydrophilic dialdehyde has a mass concentration of from
about 3% to about 20%, and a pH of from about 2 to about
5.5.

[0026] In some embodiments, the soaking time is from
about 5 min to about 30 min.

[0027] In some embodiments, heating the substrate com-
prises: heating at a temperature of about 90° C. to about 160°
C. for about 5 minutes to about 60 minutes.

[0028] In some embodiments, the hydrophilic dialdehyde
has a formula of:

[0029] wherein R is a hydrophilic group, n, is 0 or a
positive integer, n, is a positive integer, n; is O or a positive
integer, n, is a positive integer, and (n,;+n,+n5)*n,=3 to 10.
[0030] Insomeembodiments, the hydrophilic group is one
or more selected from the group consisting of a carboxyl
group, a carboxylic salt, a hydroxyl group, an amino group,
a quaternary ammonium salt, an ester group, a hydrazide
group, an amide group, and a sulfonic acid group.

[0031] In some embodiments, the photoresist comprises a
phenolic resin.
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[0032] In some embodiments, the method further com-
prises processing the substrate by anchoring quantum dots,
prior to formation of the photoresist material layer on the
substrate. The process of anchoring quantum dots improves
the adhesion of the substrate to quantum dots.

[0033] Embodiments of the present disclosure provide a
method for preparing a hydrophilic dialdehyde; the synthesis
of the 2-ethanol-adipaldehyde comprises: using 3-cyclohex-
ene-1-methanol (CAS: 1679-51-2) as a raw material to
generate 2-ethanol-adipaldehyde, a hydrophilic dialdehyde,
through three steps of reaction. The reaction process is as
follows:

OH  ,cetic anhydride, 90° C.

OAc  H,0,, room temperature

CHO
OHC H', heat
—_—

OAc
CHO.
OHC

OH

[0034] The above method for preparing a hydrophilic
dialdehyde is only exemplary. Those skilled in the art can
use other similar raw materials to prepare the hydrophilic
dialdehyde containing a hydrophilic group according to their
experience.

[0035] Embodiments of the present disclosure further pro-
vide a photoresist for patterning quantum dots, wherein the
photoresist comprises a hydrophilic group.

[0036] Embodiments of the present disclosure further pro-
vide a quantum dot light-emitting diode (QLED) comprising
a light-emitting layer, wherein the light-emitting layer com-
prises a quantum dot layer prepared by the above-mentioned
patterning method.

[0037] Embodiments of the present disclosure further pro-
vide a quantum dot color filter comprising a quantum dot
layer prepared by the above-mentioned patterning method.
[0038] Embodiments of the present disclosure further pro-
vide a display device comprising the above QLED or
quantum dot color filter.

[0039] The patterning method of a quantum dot layer
according to the embodiments of the present disclosure
comprises subjecting the photoresist to hydrophilic treat-
ment, which can improve the hydrophilic performance of the
photoresist. Because quantum dots are lipophilic, the adhe-
sion of quantum dots on the photoresist is extremely low.
Upon stripping the photoresist, the quantum dots on the
target position of the substrate will not drop. The patterning
method of a quantum dot layer according to the embodi-
ments of the present disclosure is suitable for manufacturing
a light-emitting diode containing quantum dots.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, the drawings
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of the embodiments will be briefly described as follows.
Apparently, the described drawings only relate to some
embodiments of the present disclosure and thus the present
disclosure is not limited thereto.

[0041] FIG. 1 is a schematic diagram of the steps of the
current patterning method of a quantum dot layer.

[0042] FIG. 2 is a schematic diagram of the steps of one
patterning method of a quantum dot layer in Example 2 of
the present disclosure.

[0043] FIG. 3 is a schematic diagram of the steps of
another patterning method of a quantum dot layer in
Example 2 of the present disclosure.

[0044] FIG. 4 is a schematic structure diagram of the
quantum dots in Example 2 of the present disclosure.
[0045] In the drawings, the reference signs have the fol-
lowing meanings: 1. substrate; 2. photoresist; 3. quantum
dot; 31, light-emitting core; 32. semiconductor shell; 33.
organic ligand.

DETAILED DESCRIPTION

[0046] In order to make objects, technical solutions and
advantages of the embodiments of the disclosure clearer, the
technical solutions of the embodiments of the present dis-
closure will be described in a clear and complete way in
connection with the drawings related to the embodiments of
the disclosure. Apparently, the described embodiments are
just part but not all of the embodiments of the disclosure.
Based on the described embodiments herein, those skilled in
the art can obtain all the other embodiments without any
inventive work, all of which belong to the protection scope
of the disclosure.

[0047] FIG. 1 shows a patterning method of a quantum dot
layer, which comprises: applying a photoresist 2 on a
substrate 1 and exposing the photoresist 2, and then applying
a whole layer of quantum dots 3 on the above substrate 1,
wherein the quantum dots 3 at a region having no photoresist
2 on the substrate 1 need to be retained. Because the binding
force between the quantum dots 3 and the photoresist 2 is
strong, if the quantum dots 3 on the photoresist 2 are directly
cleaned, then the quantum dots 3 at the region having no
photoresist 2 on the substrate 1 will also be washed off.
Furthermore, because of a complete layer of quantum dots
3, if the photoresist 2 is to be directly stripped, then the
photoresist 2 underneath the quantum dots 3 cannot be
stripped due to being incapable of contacting the stripping
fluid.

[0048] Inthe present disclosure, if a substance is described
as “hydrophilic”, it means that the contact angle between the
substance and water is less than 40°. For example, in the
present disclosure, hydrophilic treatment means that the
contact angle between the treated photoresist and water is
less than 40°. In some embodiments, the contact angle
between the photoresist subjected to hydrophilic treatment
and water is less than or equal to 35°.

[0049] Inthe present disclosure, if a substance is described
as “hydrophobic” or “lipophilic”, it means that the contact
angle between the substance and water is greater than 40°.
For example, in the present disclosure, because the quantum
dots have lipophilic groups (or hydrophobic groups) on their
surface, the contact angle between the quantum dots and
water is greater than about 40°. In some embodiments, the
contact angle between the quantum dots and water is greater
than or equal to about 45°.
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[0050] In the present disclosure, the term “hydrophilic
photoresist pattern” means that the surface of the photoresist
pattern is hydrophilic. Because the surface of the photoresist
pattern is hydrophilic, the adhesion between the quantum
dots whose surface is hydrophobic (or lipophilic) and the
photoresist is low, which leads to easy removal of the
quantum dots from the surface of the photoresist pattern.

[0051] The present disclosure provides the following
embodiments:
[0052] Embodiment 1: a patterning method of a quantum

dot layer, comprising:
[0053] forming a hydrophilic photoresist pattern, which
comprises:
[0054] forming a photoresist material layer on a sub-
strate by using a photoresist,
[0055] patterning the photoresist material layer to form
a photoresist pattern, and
[0056] subjecting the photoresist to hydrophilic treat-
ment; applying quantum dots;
[0057] removing the quantum dots retained on the photo-
resist pattern; and stripping the photoresist pattern.
[0058] Embodiment 2: the patterning method of a quan-
tum dot layer according to Embodiment 1, wherein the
subjecting the photoresist to hydrophilic treatment is carried
out prior to the forming a photoresist material layer;

[0059] the forming a hydrophilic photoresist pattern com-
prises:
[0060] mixing the photoresist with a hydrophilic dial-

dehyde to obtain a hydrophilic photoresist containing a
hydrophilic group;
[0061] forming the hydrophilic photoresist material
layer on the substrate; and
[0062] patterning the hydrophilic photoresist material

layer to form a photoresist pattern.
[0063] Embodiment 3: the patterning method of a quan-
tum dot layer according to Embodiment 2, wherein a content
of the hydrophilic dialdehyde in the hydrophilic photoresist
is from about 1 wt. % to about 20 wt. %.
[0064] Embodiment 4: the patterning method of a quan-
tum dot layer according to Embodiment 1, wherein the
subjecting the photoresist to hydrophilic treatment is carried
out after the forming a photoresist material layer;
[0065] the subjecting the photoresist to hydrophilic treat-
ment comprises:
[0066] preparing an aqueous solution of a hydrophilic
dialdehyde containing an acid, wherein the hydrophilic
dialdehyde contains a hydrophilic group;
[0067] soaking the substrate which has been provided with
the photoresist material layer in the aqueous solution; and
[0068] heating the substrate to form a hydrophilic group
on the surface of the photoresist material layer.
[0069] Embodiment 5: the patterning method of a quan-
tum dot layer according to Embodiment 4, wherein the acid
is selected from the group consisting of an oxalic acid, a
maleic acid, a maleic acid anhydride, an acetic acid, a
trichloroacetic acid, a benzenesulfonic acid, a tartaric acid,
a citric acid and a racemic malic acid.
[0070] Embodiment 6: the patterning method of a quan-
tum dot layer according to Embodiment 4 or 5, wherein the
aqueous solution of the hydrophilic dialdehyde has a mass
concentration of from about 3 wt. % to about 20 wt. %, and
a pH of from about 2 to about 5.5.
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[0071] Embodiment 7: the patterning method of a quan-
tum dot layer according to any one of Embodiments 4 to 6,
wherein the soaking time is from about 5 minutes to about
30 minutes.

[0072] Embodiment 8: the patterning method of a quan-
tum dot layer according to Embodiment 4, wherein the
heating the substrate comprises: heating at a temperature of
about 90° C. to about 160° C. for about 5 minutes to about
60 minutes, for example, heating at a temperature of about
90° C. to about 100° C. for about 5 minutes to about 60
minutes.

[0073] Embodiment 9: the patterning method of a quan-
tum dot layer according to Embodiment 2 or 4, wherein the
hydrophilic dialdehyde has a formula of:

OHC CH, +——CH+—FCH, > ] CHO
1 " "3 ]
g

R

wherein R is a hydrophilic group, n, is 0 or a positive
integer, 1, is a positive integer, n, is 0 or a positive integer,
n, is a positive integer, and (n,+n,+n;)*n,=3 to 10.

[0074] Embodiment 10: the patterning method of a quan-
tum dot layer according to any one of Embodiments 2 to 9,
wherein the hydrophilic group is selected from the group
consisting of a carboxyl group, a carboxylic salt, a hydroxyl
group, an amino group, a quaternary ammonium salt, an
ester group, a hydrazide group, an amide group, and a
sulfonic acid group.

[0075] Embodiment 11: the patterning method of a quan-
tum dot layer according to any one of Embodiments 1 to 10,
wherein the photoresist comprises a phenolic resin.

[0076] Embodiment 12: the patterning method of a quan-
tum dot layer according to Embodiment 1, wherein the
method further comprises processing the substrate by
anchoring quantum dots prior to formation of the photoresist
material layer.

[0077] Processing the substrate by anchoring quantum
dots includes treating the substrate with a silane coupling
agent.

[0078] The silane coupling agent is a kind of organic
silicon compounds containing two different chemical groups
in a molecule, and has a general formula of YSiX;. In the
formula, Y is a non-hydrolytic group, including an alkenyl
(for example vinyl), or an alkyl whose end has a functional
group of Cl, NH,, SH, epoxy, N;, (meth)acryloxy, or iso-
cyanate, etc, i.e., Y is a carbon functional group. X is a
hydrolyzable group, including Cl, OMe, OEt, OC,H,OCH,;,
OSiMe;, or OAc, etc. Because the silane coupling agent has
a reactive group capable of being chemically bound with
inorganic materials (such as glass, silica, and metal) and a
reactive group capable of being chemically bound with
organic materials (such as synthetic resin) in its molecular,
it can be used for the surface treatment.

[0079] Before treating with a silane coupling agent, the
silane coupling agent is formulated as a dilute solution with
a concentration of 0.5~1%. The dilute solution of the silane
coupling agent is applied on a clean surface to be coated, and
upon drying, glue can be applied. The solvent used may be
water, an alcohol (for example, methanol if methoxy silanes
are used, and ethanol if ethoxy silanes are used), or a mixture
thereof. In some embodiments, the solvent used is selected
from water without fluorine ion, cheap and non-toxic etha-
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nol, and isopropanol. When the silane coupling agent does
not contain aminoalkyl silane, the formulated solution of the
silane coupling agent may include acetic acid as a hydrolysis
catalyst, and the pH may be adjusted to 3.5~5.5.

[0080] For example, the method for anchoring quantum
dots comprises placing the substrate in a steam of hexam-
ethyl disilazane (HMDS), heating to 100° C. to 180° C. for
20 min to 120 min, then taking it out for cooling.

[0081] Embodiment 13: the patterning method of a quan-
tum dot layer according to Embodiment 1, wherein the
photoresist pattern precisely exposes a region required to be
coated with quantum dots on the substrate.

[0082] Embodiment 14: a photoresist for patterning a
quantum dot layer, wherein the photoresist comprises a
hydrophilic group which is derived from a hydrophilic
dialdehyde.

[0083] Embodiment 15: the photoresist for patterning a
quantum dot layer according to Embodiment 14, wherein the
hydrophilic dialdehyde has a formula of:

OHC CHy 34— CH+—CH, 1 _cro
1 ) "3 J
g

R

wherein R is a hydrophilic group, n; is 0 or a positive
integer, 1, is a positive integer, n, is 0 or a positive integer,
n, is a positive integer, and (n,+n,+n;)*n,=3 to 10.

[0084] Embodiment 16: the photoresist for patterning a
quantum dot layer according to Embodiment 14 or 15,
wherein the hydrophilic group is selected from the group
consisting of a carboxyl group, a carboxylic salt, a hydroxyl
group, an amino group, a quaternary ammonium salt, an
ester group, a hydrazide group, an amide group, and a
sulfonic acid group.

[0085] Embodiment 17: a quantum dot light-emitting
diode (QLED), comprising a light-emitting layer, wherein
the light-emitting layer comprises a quantum dot layer
prepared by the patterning method of a quantum dot layer
according to any one of Embodiments 1 to 13.

[0086] Embodiment 18: a quantum dot color filter, com-
prising a quantum dot layer prepared by the patterning
method of a quantum dot layer according to any one of
Embodiments 1 to 13.

[0087] Embodiment 19: a display device, comprising the
QLED according to Embodiment 17 or the quantum dot
color filter according to Embodiment 18.

EXAMPLES

[0088] The examples of the present disclosure will be
described in connection with the drawings.

Example 1

[0089] The example provides a patterning method of a
quantum dot layer, comprising: forming a photoresist mate-
rial layer on a substrate by using a photoresist, patterning the
photoresist layer to form a photoresist pattern, and subject-
ing the photoresist to hydrophilic treatment;

[0090] applying quantum dots;

[0091] removing the quantum dots retained on the photo-
resist pattern; and

[0092] stripping the photoresist pattern.
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[0093] There is no limitation on the order of the steps of
forming a photoresist material layer on a substrate, pattern-
ing the photoresist, and subjecting the photoresist to hydro-
philic treatment.

[0094] The subjecting the photoresist to hydrophilic treat-
ment may be carried out after forming a photoresist material
layer on a substrate but before patterning the photoresist, or
be carried out after forming a photoresist material layer on
a substrate and patterning the photoresist.

[0095] The patterning method of a quantum dot layer of
the present example comprises subjecting the photoresist to
hydrophilic treatment, which can improve the hydrophilic
performance of the photoresist. Because quantum dots are
lipophilic (or hydrophobic), the adhesion of quantum dots
on the photoresist is extremely low. Upon stripping the
photoresist, the quantum dots at the target position of the
substrate will not drop. The target position refers to the
region of the substrate required to be coated with quantum
dots. The patterning method of a quantum dot layer in the
example of the present disclosure is suitable for manufac-
turing a light-emitting diode including quantum dots.

Example 2

[0096] The example provides a patterning method of a
quantum dot layer, as shown in FIG. 2 to FIG. 4, comprising:
[0097] forming a photoresist 2 material layer on a sub-
strate 1, patterning the photoresist 2 to form a photoresist
pattern, and subjecting the photoresist 2 to hydrophilic
treatment;

[0098] applying quantum dots 3;

[0099] removing the quantum dots retained on the photo-
resist pattern; and

[0100] stripping the photoresist 2.

[0101] In other words, the photoresist 2 is subjected to
hydrophilic treatment in this example so as to improve the
hydrophilic performance of the photoresist 2.

[0102] The schematic structure diagram of the quantum
dot 3 is as shown in FIG. 4, and the quantum dot 3 includes
three parts: a luminescent core 31, a semiconductor shell 32,
and an organic ligand 33, respectively. The organic ligand 33
comprises a lipophilic group, such as a group derived from
oleyl amine (CH;(CH,),CH=CH(CH,),CH,NH,) or oleic
acid (CH;(CH,),CH=CH(CH,),COOH). Because quantum
dots 3 are lipophilic, the adhesion of the quantum dots 3 on
the photoresist 2 is extremely low. Upon removing the
quantum dots from the photoresist pattern and stripping the
photoresist 2, the quantum dots 3 at the target position of the
substrate 1 will not drop. The patterning method of a
quantum dot layer in the example of the present disclosure
is suitable for manufacturing a light-emitting diode display
including quantum dots.

[0103] In some embodiments, the subjecting the photore-
sist 2 to hydrophilic treatment is carried out after forming a
photoresist 2 material layer; the subjecting the photoresist 2
to hydrophilic treatment comprises:

[0104] preparing an aqueous solution of a hydrophilic
dialdehyde containing an acid, wherein the hydrophilic
dialdehyde contains a hydrophilic group;

[0105] soaking the substrate 1 on which the photoresist 2
material layer has been formed in the aqueous solution of a
hydrophilic dialdehyde containing an acid; and

[0106] heating the substrate 1 to form a hydrophilic group
on the surface of the photoresist 2 material layer.
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[0107] In other words, as an embodiment of the present
example, the surface of the photoresist 2 can be modified to
be hydrophilic, so as to reduce the adhesion of the quantum
dots 3 on the photoresist 2.

[0108] Patterning manners are exemplified by exposure
and development. As illustrated in FIG. 2, the photoresist 2
is first subjected to hydrophilic treatment, and then exposed
and developed to form a hydrophilic photoresist pattern,
followed by applying quantum dots 3, then washing off the
quantum dots 3 retained on the surface of the photoresist 2,
and finally stripping the photoresist 2. Alternatively, as
illustrated in FIG. 3, the photoresist 2 is first exposed and
developed, and then subjected to hydrophilic treatment
followed by applying quantum dots 3, then washing off the
quantum dots 3 retained on the surface of the photoresist 2,
and finally stripping the photoresist 2.

[0109] In some embodiments, the acid is selected from the
group consisting of an oxalic acid, a maleic acid, a maleic
acid anhydride, an acetic acid, a trichloroacetic acid, a
benzenesulfonic acid, a tartaric acid, a citric acid and a
racemic malic acid.

[0110] In other words, the aqueous solution of the hydro-
philic dialdehyde can be prepared by using any of the above
acids.

[0111] In some embodiments, the aqueous solution of the
hydrophilic dialdehyde has a mass concentration of from
about 3% to about 20%, and a pH of from about 2 to about
5.5.

[0112] In other words, an acid is used to adjust the aqueous
solution of the hydrophilic dialdehyde so as to have a mass
concentration of from about 3% to about 20% and a pH of
from about 2 to about 5.5.

[0113] In some embodiments, the soaking time is from
about 5 minutes to 30 minutes.

[0114] In other words, soaking for about 5 minutes to
about 30 minutes can ensure a sufficient contact between the
photoresist on the surface and the aqueous solution of the
hydrophilic dialdehyde.

[0115] In some embodiments, heating the substrate com-
prises: heating at a temperature of about 90° C. to about 160°
C. for about 5 minutes to about 60 minutes.

[0116] In other words, heating at a temperature of about
90° C. to about 160° C. for about 5 minutes to about 60
minutes can ensure a sufficient reaction between the photo-
resist 2 on the surface and the aqueous solution of the
hydrophilic dialdehyde.

[0117] In some embodiments, the hydrophilic dialdehyde
has a formula of:

OHC CH,—~CH+—FCH,~ ] CHO
1 | " ”3J
n

4
R

[0118] wherein R is a hydrophilic group, n, is 0 or a
positive integer, n, is a positive integer, n; is O or a positive
integer, n, is a positive integer, and (n,+n,+n5)*n,=3 to 10.
[0119] The example of the present disclosure provides a
method for preparing a hydrophilic dialdehyde (2-ethanol-
adipaldehyde) which comprises: using 3-cyclohexene-1-
methanol (CAS:1679-51-2) as a raw material to generate
hydrophilic dialdehyde 2-ethanol-adipaldehyde through
three steps of reaction. The reaction process is as follows:
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OH  scetic anhydride, 90° C.

OAc  H,0,, room temperature

CHO
OHC H*, heat
—_—

OAc
CHO
OHC

OH

[0120] In some embodiments, the hydrophilic group
includes one or more selected from the group consisting of
a carboxyl group, a carboxylic salt, a hydroxyl group, an
amino group, a quaternary ammonium salt, an ester group,
a hydrazide group, an amide group, and a sulfonic acid
group.

[0121] In other words, those skilled in the art can synthe-
size the hydrophilic dialdehyde by selecting different raw
materials having the above hydrophilic group(s) according
to their experience.

[0122] In some embodiments, the photoresist comprises a
phenolic resin.
[0123] In other words, a linear phenolic resin is reacted

with a hydrophilic dialdehyde to form a network phenolic
resin, so that a hydrophilic group is introduced into the
phenolic resin.

[0124] In some embodiments, prior to forming a photore-
sist 2 material layer on the substrate 1, the substrate 1 is
further processed by anchoring quantum dots.

[0125] In other words, in order to increase the adhesion of
the quantum dots 3 at the target position of the substrate 1,
the substrate 1 is processed by anchoring quantum dots 3
prior to applying the photoresist 2 on the substrate 1.

[0126] In some embodiments, as another manner of the
example, subjecting the photoresist 2 to hydrophilic treat-
ment can be carried out prior to forming a photoresist 2
material layer. Forming a photoresist 2 material layer on a
substrate 1 and subjecting the photoresist 2 to hydrophilic
treatment comprise:

[0127] mixing the photoresist 2 with a hydrophilic dial-
dehyde to obtain a hydrophilic photoresist containing a
hydrophilic group; and

[0128] forming a hydrophilic photoresist 2 material layer
on the substrate 1.

[0129] In other words, the photoresist 2 can be modified
for incorporation of a hydrophilic group so as to reduce the
adhesion of the quantum dots 3 on the photoresist 2.

[0130] In some embodiments, the content of the hydro-
philic dialdehyde in the hydrophilic photoresist is from
about 1 wt. % to about 20 wt. %.

[0131] In other words, in the mixed solution of the pho-
toresist 2 and the hydrophilic dialdehyde, the hydrophilic
dialdehyde has a concentration of from about 1 wt. % to
about 20 wt. %.



US 2017/0176863 Al

Example 3

[0132] The example provides a photoresist for patterning
a quantum dot layer, the photoresist comprising a hydro-
philic group which is derived from a hydrophilic dialdehyde.
[0133] In some embodiments, the hydrophilic dialdehyde
has a formula of:

OHC CHy— CH 9— CHy —— 1O
Yll Y12 Y13 J
| "

R

[0134] wherein R is a hydrophilic group, n;, is 0 or a
positive integer, n, is a positive integer, n; is O or a positive
integer, 1, is a positive integer, and (n,+n,+n;)*n,=3 to 10.
The hydrophilic group is selected from the group consisting
of a carboxyl group, a carboxylic salt, a hydroxyl group, an
amino group, a quaternary ammonium salt, an ester group,
a hydrazide group, an amide group, and a sulfonic acid
group.

[0135] In a specific embodiment, the dialdehyde is 2-etha-
nol-adipaldehyde. 2-ethanol-adipaldehyde is synthesized by
the following method: using 3-cyclohexene-1-methanol
(CAS: 1679-51-2) as a raw material to generate hydrophilic
dialdehyde (2-ethanol-adipaldehyde) through three steps of
reaction. The reaction process is as follows:

OH  scetic anhydride, 90° C.

OAc  H,0,, room temperature

CHO
OHC H', heat
_—

OAc
CHO.
OHC

OH

Example 4

[0136] The example provides a QLED which comprises
the quantum dot layer prepared by the patterning method in
Example 2.

[0137] In some embodiments, QLED further comprises a
cathode, an anode, and an electron injection layer, an elec-
tron transport layer, a hole blocking layer, a hole transport
layer and a hole injection layer disposed between the cath-
ode and the anode. The quantum dot layer prepared by the
patterning method in Example 2, as a light-emitting layer, is
arranged between the hole blocking layer and the hole
transport layer.

Example 5

[0138] The example provides a quantum dot color filter
comprising a quantum dot layer prepared by the patterning
method in Example 2.
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Example 6

[0139] The example further provides a display device
comprising the QLED according to Example 4 or the
quantum dot color filter according to Example 5.

[0140] Obviously, the above embodiments of various
examples can undergo many changes. For example, other
similar raw materials can be used to prepare a hydrophilic
dialdehyde containing a hydrophilic group for modifying a
photoresist, or the organic layer of the QLED can be
modified depending upon actual needs.

[0141] The above are merely exemplary embodiments of
the present invention, and are not intended to limit the scope
of protection of the present invention, which is yet deter-
mined by the appended claims.

[0142] The present application claims the priority of the
Chinese Patent Application No.201510335044.4 filed on
Jun. 16, 2015, which is incorporated herein by reference as
part of the disclosure of the present application.

1. A patterning method of a quantum dot layer, which
comprises:

forming a hydrophilic photoresist pattern, which com-

prises:

forming a photoresist material layer on a substrate by

using a photoresist,

patterning the photoresist material layer to form a photo-

resist pattern, and

subjecting the photoresist to hydrophilic treatment;

applying quantum dots;

removing the quantum dots retained on the photoresist

pattern; and

stripping the photoresist pattern.

2. The patterning method of a quantum dot layer accord-
ing to claim 1, wherein the subjecting the photoresist to
hydrophilic treatment is carried out prior to the forming a
photoresist material layer;

the forming a hydrophilic photoresist pattern comprises:

mixing the photoresist with a hydrophilic dialdehyde to

obtain a hydrophilic photoresist containing a hydro-
philic group;

forming the hydrophilic photoresist material layer on the

substrate; and

patterning the hydrophilic photoresist material layer to

form a photoresist pattern.

3. The patterning method of a quantum dot layer accord-
ing to claim 2, wherein a content of the hydrophilic dialde-
hyde in the hydrophilic photoresist is from about 1 wt. % to
about 20 wt. %.

4. The patterning method of a quantum dot layer accord-
ing to claim 1, wherein the subjecting the photoresist to
hydrophilic treatment is carried out after the forming a
photoresist material layer;

the subjecting the photoresist to hydrophilic treatment

comprises:

preparing an aqueous solution of a hydrophilic dialdehyde

containing an acid, wherein the hydrophilic dialdehyde
contains a hydrophilic group;

soaking the substrate on which the photoresist material

layer is formed in the aqueous solution; and

heating the substrate to form a hydrophilic group on a

surface of the photoresist material layer.

5. The patterning method of a quantum dot layer accord-
ing to claim 4, wherein the acid is selected from the group
consisting of an oxalic acid, a maleic acid, a maleic acid
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anhydride, an acetic acid, a trichloroacetic acid, a benzene-
sulfonic acid, a tartaric acid, a citric acid and a racemic malic
acid.

6. The patterning method of a quantum dot layer accord-
ing to claim 4, wherein the aqueous solution of the hydro-
philic dialdehyde has a mass concentration of from about 3
wt. % to about 20 wt. %, and a pH of from about 2 to about
5.5.

7. The patterning method of a quantum dot layer accord-
ing to claim 4, wherein the soaking time is from about 5 min
to about 30 min.

8. The patterning method of a quantum dot layer accord-
ing to claim 4, wherein the heating the substrate comprises:
heating at a temperature of about 90° C. to about 160° C. for
about 5 min to about 60 min.

9. The patterning method of a quantum dot layer accord-
ing to claim 2, wherein the hydrophilic dialdehyde has a
formula of:

OHC CHy 34— CHA— CH, ——cHo
Yll | Y12 Y13 J
n

4
R

wherein R is a hydrophilic group, n, is O or a positive
integer, n, is a positive integer, n, is 0 or a positive
integer, n, is a positive integer, and (n, +n,+n,)*n,=3 to
10.

10. The patterning method of a quantum dot layer accord-
ing to claim 2, wherein the hydrophilic group is selected
from the group consisting of a carboxyl group, a carboxylic
salt, a hydroxyl group, an amino group, a quaternary ammo-
nium salt, an ester group, a hydrazide group, an amide
group, and a sulfonic acid group.

11. The patterning method of a quantum dot layer accord-
ing to claim 1, wherein the photoresist comprises a phenolic
resin.

12. The patterning method of a quantum dot layer accord-
ing to claim 1, wherein the method further comprises
processing the substrate by anchoring quantum dots prior to
formation of the photoresist material layer.
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13. The patterning method of a quantum dot layer accord-
ing to claim 1, wherein the photoresist pattern precisely
exposes a region required to be coated with quantum dots on
the substrate.

14. A photoresist for patterning a quantum dot layer,
wherein the photoresist comprises a hydrophilic group
which is derived from a hydrophilic dialdehyde;

wherein the hydrophilic dialdehyde has a formula of:

OHC CHy —& CHA—& CH, 3—— 1o
Yll Y12 Y13 ]
| n

4
R

wherein R is a hydrophilic group, n, is 0 or a positive
integer, n, is a positive integer, n; is 0 or a positive
integer, n, is a positive integer, and (n, +n,+n;)*n,=3 to
10.

15. (canceled)

16. The photoresist for patterning a quantum dot layer
according to claim 14, wherein the hydrophilic group is
selected from the group consisting of a carboxyl group, a
carboxylic salt, a hydroxyl group, an amino group, a qua-
ternary ammonium salt, an ester group, a hydrazide group,
an amide group, and a sulfonic acid group.

17-19. (canceled)

20. The patterning method of a quantum dot layer accord-
ing to claim 4, wherein the hydrophilic dialdehyde has a
formula of:

OHC—fGCHZ‘nI’ CHA—&CHy——cHo
2

3]

4
R

wherein R is a hydrophilic group, n, is 0 or a positive
integer, n, is a positive integer, n; is 0 or a positive
integer, n, is a positive integer, and (n, +n,+n;)*n,=3 to
10.



