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Description

FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of dou-
ble-side display, and in particular to a double-side light-
emitting device, an array-type double-side light-emitting
device, a method for manufacturing an array-type dou-
ble-side light-emitting device as well as a double-side
display device.

BACKGROUND ART

[0002] A double-side light-emitting device in the prior
art, e.g., a sandwich type light-emitting diode (LED) light
source module with two sides emitting light as disclosed
in CN203363722U, comprises an upper electricity con-
ducting layer, an upper insulating layer, a heat conduct-
ing layer, a lower insulating layer and a lower electricity
conducting layer stacked from top to bottom. The upper
electricity conducting layer and the lower electricity con-
ducting layer are both provided with a plurality of LED
components. The sandwich type structural design lays a
structural foundation for the LED light source module to
emit light on two sides. The LED components are directly
arranged on upper and lower surfaces to emit light on
two sides. However, many defects exist, such as impos-
sibility of flexible display, complication of structure and
manufacturing process and a thicker overall thickness of
the sandwich type LED light source module with two sides
emitting light.

[0003] Therefore, there is an urgent need for improve-
ment in the prior art.

SUMMARY

[0004] To this end, the present invention provides a
double-side light-emitting device, an array-type double-
side light-emitting device, a method for manufacturing an
array-type double-side light-emitting device and a dou-
ble-side display device capable of solving or at least al-
leviating at least part of the defects in the prior art.
[0005] According to a first aspect of the present inven-
tion, a double-side light-emitting device is provided,
which can comprise: a first protective layer, a first fluo-
rescent layer or quantum dot layer, a first transparent
conductive layer, a first anisotropic conductive adhesive
layer, a light-emitting wafer, a second anisotropic con-
ductive adhesive layer, a second transparent conductive
layer, a second fluorescent layer or quantum dot layer
and a second protective layer, which are arranged to-
gether sequentially.

[0006] By means of the first anisotropic conductive ad-
hesive layer, the light-emitting wafer is electrically con-
nected to the first transparent conductive layer. By means
of the second anisotropic conductive adhesive layer, the
light-emitting wafer is electrically connected to the sec-
ond transparent conductive layer. As compared with a
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double-side light-emitting device in the prior art, the dou-
ble-side light-emitting device in the present invention is
simpler in structure and manufacture, and smaller in
overall thickness, which facilitates the manufacture of a
minimized ultrathin electronic device with two sides emit-
ting light.

[0007] In an embodiment of the present invention, the
double-side light-emitting device can further comprise: a
first transparent gel layer arranged between the first flu-
orescent layer or quantum dot layer and the first trans-
parent conductive layer, and a second transparent gel
layer arranged between the second fluorescent layer or
quantum dot layer and the second transparent conduc-
tive layer.

[0008] Inanotherembodimentofthe presentinvention,
the firstanisotropic conductive adhesive layer electrically
connects the first transparent conductive layer to the
light-emitting wafer, and the second anisotropic conduc-
tive adhesive layer electrically connects the second
transparent conductive layer to the light-emitting wafer.
[0009] In yet another embodiment of the present in-
vention, the first protective layer, the first fluorescent lay-
er or quantum dot layer, the first transparent conductive
layer, the first anisotropic conductive adhesive layer, the
light-emitting wafer, the second anisotropic conductive
adhesive layer, the second transparent conductive layer,
the second fluorescent layer or quantum dot layer and
the second protective layer are arranged plane-symmet-
rically about the light-emitting wafer.

[0010] In a further embodiment of the present inven-
tion, the light-emitting waferis an LED light-emitting wafer
emitting red light, green light or blue light, and both the
first fluorescent layer or quantum dot layer and the sec-
ond fluorescent layer or quantum dot layer emit light of
complementary color selected from cyan, purple and yel-
low.

[0011] According to a second aspect of the present
invention, an array-type double-side light-emitting device
is provided, which can comprise: a first protective layer,
a first fluorescent layer or quantum dot layer, an array of
first transparent conductive layers, a first anisotropic con-
ductive adhesive layer, an array of light-emitting wafers,
a second anisotropic conductive adhesive layer, an array
of second transparent conductive layers, a second fluo-
rescent layer or quantum dot layer and a second protec-
tive layer, which are arranged together sequentially.
[0012] By means of the first anisotropic conductive ad-
hesive layer and the second anisotropic conductive ad-
hesive layer, the array of light-emitting wafers is electri-
cally connected to the array of first transparent conduc-
tive layers and the array of second transparent conduc-
tive layers respectively. As compared with an array-type
double-side light-emitting device in the prior art, the ar-
ray-type double-side light-emitting device in the present
invention achieves flexible display and hence is suitable
for the manufacture of a flexible display device. It is sim-
pler in structure, which helps to cut down costs, and
smaller in overall thickness, which facilitates the manu-
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facture of a minimized ultrathin electronic device with two
sides emitting light.

[0013] In an embodiment of the present invention, the
array-type double-side light-emitting device can further
comprise: a first transparent gel layer arranged between
the first fluorescent layer or quantum dot layer and the
array of first transparent conductive layers, and a second
transparent gel layer arranged between the second flu-
orescent layer or quantum dot layer and the array of sec-
ond transparent conductive layers.

[0014] Inanotherembodimentofthe presentinvention,
the first anisotropic conductive adhesive layer electrically
connects each first transparent conductive layer in the
array of first transparent conductive layers to each light-
emitting wafer in the array of light-emitting wafers in a
corresponding manner, and the second anisotropic con-
ductive adhesive layer electrically connects each second
transparent conductive layer in the array of second trans-
parent conductive layers to each light-emitting wafer in
the array of light-emitting wafers in a corresponding man-
ner.

[0015] In yet another embodiment of the present in-
vention, the first protective layer, the first fluorescent lay-
er orquantum dot layer, the array of first transparent con-
ductive layers, the first anisotropic conductive adhesive
layer, the array of light-emitting wafers, the second ani-
sotropic conductive adhesive layer, the array of second
transparent conductive layers, the second fluorescent
layer or quantum dot layer and the second protective
layer are arranged plane-symmetrically about the array
of light-emitting wafers.

[0016] In a further embodiment of the present inven-
tion, the array of light-emitting wafers comprises LED
light-emitting wafers emitting red light, green light or blue
light, and both the first fluorescent layer or quantum dot
layer and the second fluorescent layer or quantum dot
layer emit light of complementary color selected from cy-
an, purple and yellow.

[0017] Accordingto a third aspect of the presentinven-
tion, a method for manufacturing an array-type double-
side light-emitting device is provided, comprising steps
of: coating on or attaching to a first protective layer a first
fluorescentlayer or quantum dotlayer; arranging an array
of first transparent conductive layers on the first fluores-
cent layer or quantum dot layer; arranging a first aniso-
tropic conductive adhesive layer on the array of first trans-
parent conductive layers; arranging an array of light-emit-
ting wafers on the first anisotropic conductive adhesive
layer; arranging a second anisotropic conductive adhe-
sive layer on the array of light-emitting wafers; arranging
an array of second transparent conductive layers on the
second anisotropic conductive adhesive layer; arranging
a second fluorescent layer or quantum dot layer on the
array of second transparent conductive layers; arranging
a second protective layer on the second fluorescent layer
or quantum dot layer; laminating the above layers such
that each light-emitting wafer in the array of light-emitting
wafers is electrically connected to a corresponding first
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transparent conductive layer in the array of first transpar-
ent conductive layers and a corresponding second trans-
parent conductive layer in the array of second transpar-
ent conductive layers.

[0018] In an embodiment of the present invention,
wherein arranging an array of light-emitting wafers on
the first anisotropic conductive adhesive layer compris-
es: the array of first transparent conductive layers com-
prises a first transparent conductive layer substrate and
an array of first transparent conductive layer electrodes
carried on the first transparent conductive layer sub-
strate, and each light-emitting wafer in the array of light-
emitting wafers is arranged on the first anisotropic con-
ductive adhesive layer corresponding to each first trans-
parent conductive layer electrode in the array of first
transparent conductive layer electrodes.

[0019] Inanotherembodiment ofthe presentinvention,
wherein arranging a second anisotropic conductive ad-
hesive layer on the array of light-emitting wafers com-
prises: the array of second transparent conductive layers
comprises a second transparent conductive layer sub-
strate and an array of second transparent conductive lay-
er electrodes carried on the second transparent conduc-
tive layer substrate, and each second transparent con-
ductive layer electrode in the array of second transparent
conductive layer electrodes is arranged on the second
anisotropic conductive adhesive layer corresponding to
each light-emitting wafer in the array of light-emitting wa-
fers.

[0020] In yet another embodiment of the present in-
vention, wherein arranging an array of first transparent
conductive layers on the first fluorescent layer or quan-
tum dot layer comprises: arranging the array of first trans-
parent conductive layers on the first fluorescent layer or
quantum dot layer by means of a first transparent gel
layer; wherein arranging a second fluorescent layer or
quantum dotlayeron an array of second transparent con-
ductive layers comprises: arranging the second fluores-
cent layer or quantum dot layer on the array of second
transparent conductive layers by means of a second
transparent gel layer.

[0021] In a further embodiment of the present inven-
tion, the array of light-emitting wafers comprises LED
light-emitting wafers emitting red light, green light or blue
light, and both the first fluorescent layer or quantum dot
layer and the second fluorescent layer or quantum dot
layer emit light of complementary color selected from cy-
an, purple and yellow.

[0022] According to a fourth aspect of the present in-
vention, a method for manufacturing an array-type dou-
ble-side light-emitting device is provided, comprising
steps of: attaching an array of first transparent conductive
layers to an array of light-emitting wafers by means of a
first anisotropic conductive adhesive layer; attaching the
array of light-emitting wafers to an array of second trans-
parent conductive layers by means of a second aniso-
tropic conductive adhesive layer; laminating the array of
firsttransparent conductive layers, the array of light-emit-
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ting wafers and the array of second transparent conduc-
tive layers such that the array of first transparent conduc-
tive layers and the array of second transparent conduc-
tive layers are electrically connected to the array of light-
emitting wafers; coating a first fluorescent layer or quan-
tum dot layer and a second fluorescent layer or quantum
dot layer respectively on a surface of the array of first
transparent conductive layers and a surface of the array
of second transparent conductive layers, and coating a
first protective layer and a second protective layer re-
spectively on the first fluorescent layer or quantum dot
layer and the second fluorescent layer or quantum dot
layer.

[0023] In an embodiment of the present invention,
wherein attaching an array of first transparent conductive
layers to an array of light-emitting wafers by means of a
first anisotropic conductive adhesive layer comprises:
the array of first transparent conductive layers comprises
a first transparent conductive layer substrate and an ar-
ray of first transparent conductive layer electrodes car-
ried on the first transparent conductive layer substrate,
and each first transparent conductive layer electrode in
the array of first transparent conductive layer electrodes
is attached to each light-emitting wafer in the array of
light-emitting wafers by means of the first anisotropic con-
ductive adhesive layer in a corresponding manner.
[0024] Inanotherembodimentofthe presentinvention,
wherein attaching the array of light-emitting wafers to an
array of second transparent conductive layers by means
of a second anisotropic conductive adhesive layer com-
prises: the array of second transparent conductive layers
comprises a second transparent conductive layer sub-
strate and an array of second transparent conductive lay-
er electrodes carried on the second transparent conduc-
tive layer substrate, and each light-emitting wafer in the
array of light-emitting wafers is attached to each second
transparent conductive layer electrode inthe array of sec-
ond transparent conductive layer electrodes by means
of the second anisotropic conductive adhesive layer in a
corresponding manner.

[0025] In yet another embodiment of the present in-
vention, the array of light-emitting wafers comprises LED
light-emitting wafers emitting red light, green light or blue
light, and both the first fluorescent layer or quantum dot
layer and the second fluorescent layer or quantum dot
layer emit light of complementary color selected from cy-
an, purple and yellow.

[0026] According to a fifth aspect of the present inven-
tion, a double-side display device is provided, comprising
the above double-side light-emitting device, the above
array-type double-side light-emitting device, or an array-
type double-side light-emitting device manufactured by
using the above method for manufacturing an array-type
double-side light-emitting device.

BRIEF DESCRIPTION OF DRAWINGS

[0027]
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Fig. 1 schematically shows a double-side light-emit-
ting device according to an embodiment of the
present invention.

Fig. 2 schematically shows a double-side light-emit-
ting device according to another embodiment of the
present invention.

Fig. 3 schematically shows an array-type double-
side light-emitting device according to an embodi-
ment of the present invention.

Fig. 4 schematically shows an array of first transpar-
ent conductive layers according to an embodiment
of the present invention.

Fig. 5 schematically shows a flow diagram of the
manufacture of an array-type double-side light-emit-
ting device according to an embodiment of the
present invention.

Fig. 6 schematically shows a flow diagram of the
manufacture of an array-type double-side light-emit-
ting device according to another embodiment of the
present invention.

Reference signs:

[0028] 2-first protective layer, 4- first fluorescent layer
or quantum dot layer, 6- first transparent conductive lay-
er, 8-first anisotropic conductive adhesive layer, 10- dou-
ble-side light-emitting device, 12- light-emitting wafer,
14- second anisotropic conductive adhesive layer, 16-
second transparent conductive layer, 18- second fluo-
rescent layer or quantum dot layer, 20- second protective
layer, 5- first transparent gel layer, 17- second transpar-
ent gel layer, 30- array-type double-side light-emitting
device, 3- conductive electrode of first transparent con-
ductive layer, 9- first transparent conductive layer sub-
strate, 7- conductive line of first transparent conductive
layer, D- symmetry plane, 15- conductive electrode of
second transparent conductive layer, 11-second trans-
parent conductive layer substrate, 13- conductive line of
second transparent conductive layer.

DETAILED DESCRIPTION OF EMBODIMENTS

[0029] The present invention shall be described in de-
tails as follows with reference to the drawings of the
present invention.

[0030] Fig. 1 schematically shows a double-side light-
emitting device 10 according to a first aspect of the
present invention, which can comprise: a first protective
layer 2, a first fluorescent layer or quantum dot layer 4,
a first transparent conductive layer 6, a first anisotropic
conductive adhesive layer 8, a light-emitting wafer 12, a
second anisotropic conductive adhesive layer 14, a sec-
ond transparent conductive layer 16, a second fluores-
cent layer or quantum dot layer 18 and a second protec-
tive layer 20, which are arranged together sequentially.
The first fluorescent layer or quantum dot layer 4 and the
second fluorescent layer or quantum dot layer 18 can be
fluorescent layers made of yttrium aluminum garnet
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(YAG) fluorescent powder or quantum dot layers ob-
tained by thin coating quantum dots. Using the fluores-
cent layers or the quantum dot layers can help toimprove
the color gamut of the display and increase the brightness
of the double-side light-emitting device.

[0031] The first anisotropic conductive adhesive layer
8 and the second anisotropic conductive adhesive layer
14 to be used in each embodiment of the present inven-
tion mainly comprise electrically conductive particles and
insulating adhesive materials, and a protective filmis pro-
vided on the upper and lower surfaces of an anisotropic
conductive adhesive layer respectively for protecting the
major components. The upper protective film is usually
torn off firstly in use, and anisotropic conductive adhesive
films are arranged onto electrodes of a substrate, and
then the lower protective film is also torn off. After accu-
rate alignment, objects above are laminated with under-
lying plates, and the insulating adhesive materials are
cured after being heated and pressed for a certain period,
and a stable structure which is perpendicularly conduc-
tive and laterally insulating is finally formed. Anisotropic
conductive adhesive layers are mainly applied in a man-
ufacturing process where high-temperature tin/lead sol-
dering is inapplicable, e.g., for connecting lines of a flex-
ible circuit board, a plastic credit card and a liquid crystal
display, and mainly applied in fields relative to drive in-
tegrated circuits. In each embodiment of the present in-
vention, by means of the first anisotropic conductive ad-
hesive layer 8 and the second anisotropic conductive ad-
hesive layer 14, the light-emitting wafer 12 is electrically
connected to the first transparent conductive layer 6 and
the second transparent conductive layer 16. As com-
pared with a double-side light-emitting device in the prior
art, the double-side light-emitting device in the present
invention is simpler in structure and manufacture, and
smaller in overall thickness.

[0032] The first transparent conductive layer 6 shown
in Fig. 1 serves as an anode of the double-side light-
emitting device, and the second transparent conductive
layer 16 serves as a cathode of the double-side light-
emitting device. The anode and the cathode are config-
ured to receive a voltage and a current to be applied. It
will appreciated that, alternatively, the first transparent
conductive layer 6 can also serve as a cathode of the
double-side light-emitting device, and the second trans-
parent conductive layer 16 can also serve as an anode
of the double-side light-emitting device.

[0033] In an alternative embodiment of the present in-
vention, the double-side light-emitting device can further
comprise: a first transparent gel layer 5 arranged be-
tween the first fluorescent layer or quantum dot layer 4
and the firsttransparent conductive layer 6, and a second
transparent gel layer 17 arranged between the second
fluorescent layer or quantum dot layer 18 and the second
transparent conductive layer 16. By means of the first
transparent gel layer 5 and the second transparent gel
layer 17, the first fluorescent layer or quantum dot layer
4 can also be arranged together with the first transparent

10

15

20

25

30

35

40

45

50

55

conductive layer 6, and the second fluorescent layer or
quantum dot layer 18 can also be arranged together with
the second transparent conductive layer 16. Fig. 4 shows
a case for the first transparent gel layer 5 and the second
transparent gel layer 17.

[0034] Inoneembodimentof the presentinvention, the
first anisotropic conductive adhesive layer 8 electrically
connects the first transparent conductive layer 6 to the
light-emitting wafer 12, and the second anisotropic con-
ductive adhesive layer 14 electrically connects the sec-
ond transparent conductive layer 16 to the light-emitting
wafer 12. As mentioned above, the first anisotropic con-
ductive adhesive layer 8 and the second anisotropic con-
ductive adhesive layer 14 comprise electrically conduc-
tive particles. The first anisotropic conductive adhesive
layer 8, the second anisotropic conductive adhesive layer
14 and the light-emitting wafer 12 are laminated in a lam-
ination step to be described hereinafter. Namely, a pres-
sure is applied such that the first anisotropic conductive
adhesive layer 8, the second anisotropic conductive ad-
hesive layer 14 and the light-emitting wafer 12 are com-
bined more firmly and that the light-emitting wafer 12 is
electrically connected with conductive electrodes in the
first anisotropic conductive adhesive layer 8 and the sec-
ond anisotropic conductive adhesive layer 14 by means
of the electrically conductive particles. The electrical con-
nection by means of the electrically conductive particles
will be described in detail hereinafter.

[0035] Alternatively, the first protective layer 2, the first
fluorescent layer or quantum dot layer 4, the first trans-
parent conductive layer 6, the first anisotropic conductive
adhesive layer 8, the light-emitting wafer 12, the second
anisotropic conductive adhesive layer 14, the second
transparent conductive layer 16, the second fluorescent
layer or quantum dot layer 18 and the second protective
layer 20 are arranged plane-symmetrically about the
light-emitting wafer 12. In other words, if the light-emitting
wafer is taken as a symmetry plane, the first protective
layer 2, the first fluorescent layer or quantum dot layer
4, the first transparent conductive layer 6, the first aniso-
tropic conductive adhesive layer 8, the second anisotrop-
ic conductive adhesive layer 14, the second transparent
conductive layer 16, the second fluorescent layer or
quantum dot layer 18 and the second protective layer 20
are arranged plane-symmetrically. Fig. 1 basically shows
such a symmetrical structure, and specific description of
the symmetrical structure shall be described later.
[0036] Alternatively, the light-emitting wafer 12 can be
an LED light-emitting wafer emitting red light, green light
or blue light, and both the first fluorescent layer or quan-
tum dot layer 4 and the second fluorescent layer or quan-
tum dot layer 18 emit light of complementary color se-
lected from cyan, purple and yellow.

[0037] For example, when the light-emitting wafer 12
is an LED light-emitting wafer emitting red light, both the
first fluorescent layer or quantum dot layer 4 and the sec-
ond fluorescent layer or quantum dot layer 18 emit light
of a complementary color, i.e., cyan light, such that the
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double-side light-emitting device emits white light. When
the light-emitting wafer 12 is an LED light-emitting wafer
emitting green light, both the first fluorescent layer or
quantum dot layer 4 and the second fluorescent layer or
quantum dot layer 18 emitlight of a complementary color,
i.e., purple light, such that the double-side light-emitting
device emits white light. When the light-emitting wafer
12is an LED light-emitting wafer emitting blue light, both
the first fluorescent layer or quantum dot layer 4 and the
second fluorescent layer or quantum dot layer 18 emit
light of a complementary color, i.e., yellow light, such that
the double-side light-emitting device emits white light. In
virtue of such arrangement, white light is generated by
mixing, e.g., red light, green light and blue light emitted
by the LED light-emitting wafer with the light of comple-
mentary colors emitted by the first fluorescent layer or
quantum dot layer 4 and the second fluorescent layer or
quantum dot layer 18, e.g., cyan light, purple light or yel-
low light. Explanations are given here only by taking a
double-side light-emitting device emitting white light as
an example, and when it is necessary for the double-side
light-emitting device to emit light of other colors, a person
with ordinary skill in the art can arrange correspondingly
the light-emitting wafer 12 and the corresponding first
fluorescent layer or quantum dot layer 4 and the second
fluorescent layer or quantum dot layer 18 upon needs,
which is not difficult to understand for the person with
ordinary skill in the art.

[0038] Fig. 3 schematically shows an array-type dou-
ble-side light-emitting device 30, which can comprise: a
first protective layer 2, afirstfluorescent layer or quantum
dotlayer4, an array of first transparent conductive layers,
a first anisotropic conductive adhesive layer 8, an array
of light-emitting wafers 12, a second anisotropic conduc-
tive adhesive layer 14, an array of second transparent
conductive layers, a second fluorescentlayer or quantum
dot layer 18 and a second protective layer 20, which are
arranged together sequentially. The array of first trans-
parent conductive layers shown in Fig. 3 comprises a
plurality of conductive electrodes 3 of the first transparent
conductive layer, afirsttransparent conductive layer sub-
strate 9, and a plurality of conductive lines 7 of the first
transparent conductive layer electrically connecting two
adjacent conductive electrodes 3. Similarly, the array of
second transparent conductive layers comprises a plu-
rality of conductive electrodes 15 of the second transpar-
ent conductive layer, a second transparent conductive
layer substrate 11, and a plurality of conductive lines 13
of the second transparent conductive layer electrically
connecting two adjacent conductive electrodes 15. The
array-type double-side light-emitting device 30 shown in
Fig. 3 is essentially equivalent to an array of a plurality
of double-side light-emitting devices shown in Fig. 1 or
Fig. 2. The first protective layer 2, the first fluorescent
layer or quantum dot layer 4, the first anisotropic conduc-
tive adhesive layer 8, the second anisotropic conductive
adhesive layer 14, the second fluorescent layer or quan-
tum dot layer 18 and the second protective layer 20
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shown in Fig. 3 can be single layers respectively, e.g.,
the first protective layer 2 can be a single protective layer,
instead of one in an array form, and the first fluorescent
layer or quantum dot layer 4 can be a single fluorescent
layer or quantum dot layer, instead of one in an array
form. The array of first transparent conductive layers
shown in Fig. 3 can be taken as a plurality of conductive
electrodes 3 arranged on the first transparent conductive
layer substrate 9, these conductive electrode 3 being
electrically connected together by means of the plurality
of conductive lines 7. Similarly, the array of second trans-
parent conductive layers can be taken as a plurality of
conductive electrodes 15 arranged on the second trans-
parent conductive layer substrate 11, these conductive
electrode 15 being electrically connected together by
means of the plurality of conductive lines 13. The array
of light-emitting wafers is an array composed of a plurality
of light-emitting wafers 12. Fig. 4 schematically shows
an array of first transparent conductive layers composed
of a plurality of first transparent conductive layers 6 ac-
cording to an embodiment of the present invention. Al-
though Fig. 4 schematizes the array of first transparent
conductive layers 6, it can also be used for describing
the array of second transparent conductive layers.
[0039] Alternatively, the array-type double-side light-
emitting device 30 can further comprise: a first transpar-
ent gel layer 5 arranged between the first fluorescent
layer or quantum dot layer 4 and the first transparent
conductive layer 6 array, and a second transparent gel
layer 17 arranged between the second fluorescent layer
or quantum dot layer 18 and the second transparent con-
ductive layer 16 array as shown in Fig. 2. Since the array-
type double-side light-emitting device 30 shown in Fig. 3
can be regarded as an array of a plurality of double-side
light-emitting devices showninFig. 1 or Fig. 2, references
to contents shown in Fig. 1 and Fig. 2 can be made for
the array-type double-side light-emitting device 30 de-
scribed herein.

[0040] Inanembodiment of the array-type double-side
light-emitting device 30 of the present invention, the first
anisotropic conductive adhesive layer 8 electrically con-
nects each first transparent conductive layer in the array
of first transparent conductive layers to each light-emit-
ting wafer 12 in the array of light-emitting wafers 12 in a
corresponding manner, and the second anisotropic con-
ductive adhesive layer 14 electrically connects each sec-
ond transparent conductive layer 16 in the array of sec-
ond transparent conductive layers to each light-emitting
wafer in the array of light-emitting wafers 12 in a corre-
sponding manner. Fig. 3 shows that the array of first
transparent conductive layers comprises a first transpar-
ent conductive layer substrate 9 and an array of conduc-
tive electrodes 3 carried on the first transparent conduc-
tive layer substrate 9, and each light-emitting wafer in
the array of light-emitting wafers 12 is arranged on the
first anisotropic conductive adhesive layer 8 correspond-
ing to each conductive electrode 3 in the array of first
transparent conductive layer electrodes. Similarly, Fig. 3
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shows that the array of second transparent conductive
layers comprises a second transparent conductive layer
substrate 11 and an array of conductive electrodes 15
carried on the second transparent conductive layer sub-
strate 11, and each light-emitting wafer in the array of
light-emitting wafers 12 is arranged on the second ani-
sotropic conductive adhesive layer 18 corresponding to
each conductive electrode 15 in the array of second
transparent conductive layer electrodes.

[0041] Inanembodiment of the array-type double-side
light-emitting device 30, the first protective layer 2, the
first fluorescent layer or quantum dot layer 4, the array
of first transparent conductive layers 6, the first aniso-
tropic conductive adhesive layer 8, the array of light-emit-
ting wafers 12, the second anisotropic conductive adhe-
sive layer 14, the array of second transparent conductive
layers 16, the second fluorescent layer or quantum dot
layer 18 and the second protective layer 20 are arranged
plane-symmetrically about the array of light-emitting wa-
fers 12. For example, Fig. 3 shows that the first protective
layer 2, the first fluorescent layer or quantum dot layer
4, the array of first transparent conductive layers 6, the
first anisotropic conductive adhesive layer 8, the second
anisotropic conductive adhesive layer 14, the array of
second transparent conductive layers 16, the second flu-
orescent layer or quantum dot layer 18 and the second
protective layer 20 are arranged plane-symmetrically
about the symmetry plane D. The symmetry plane D is
a plane in which the plurality of light-emitting wafers 12
are located. The person with ordinary skill in the art can
understand that in case of a curved array-type double-
side light-emitting device, the array-type double-side
light-emitting device 30 shown in Fig. 3 may be bended
in a curved shape. Accordingly the symmetry plane D
should also be in a curved shape, which is not difficult to
understand.

[0042] Alternatively, the array of light-emitting wafers
composed of a plurality of light-emitting wafers 12 can
comprise LED light-emitting wafers emitting red light,
green light or blue light, and both the first fluorescent
layer or quantum dot layer 6 and the second fluorescent
layer or quantum dot layer 18 emit light of complementary
color selected from cyan, purple and yellow. As men-
tioned above, for example when the light-emitting wafer
12 is an LED light-emitting wafer emitting red light, both
the first fluorescent layer or quantum dot layer 4 and the
second fluorescent layer or quantum dot layer 18 emit
light of a complementary color, i.e., cyan light, such that
the double-side light-emitting device emits white light.
When the light-emitting wafer 12 is an LED light-emitting
wafer emitting green light, both the first fluorescent layer
or quantum dot layer 4 and the second fluorescent layer
or quantum dot layer 18 emit light of a complementary
color, i.e., purple light, such that the double-side light-
emitting device emits white light. When the light-emitting
wafer 12is an LED light-emitting wafer emitting blue light,
both the first fluorescent layer or quantum dot layer 4 and
the second fluorescentlayer or quantum dot layer 18 emit
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light of a complementary color, i.e., yellow light, such that
the double-side light-emitting device emits white light.
[0043] Fig. 5 shows a method for manufacturing an
array-type double-side light-emitting device, which can
comprise the following steps: S102, coating on or attach-
ing to a first protective layer a first fluorescent layer or
quantum dot layer; S104, arranging an array of first trans-
parent conductive layers on the first fluorescent layer or
quantum dot layer; S106, arranging a first anisotropic
conductive adhesive layer on the array of first transparent
conductive layers; S108, arranging an array of light-emit-
ting wafers on the first anisotropic conductive adhesive
layer; S110, arranging a second anisotropic conductive
adhesive layeronthe array of light-emitting wafers; S112,
arranging an array of second transparent conductive lay-
ers on the second anisotropic conductive adhesive layer;
S114, arranging a second fluorescent layer or quantum
dot layer on the array of second transparent conductive
layers; S116, arranging a second protective layer on the
second fluorescent layer or quantum dot layer; S118,
laminating the above layers such that each light-emitting
wafer in the array of light-emitting wafers is electrically
connected to a corresponding first transparent conduc-
tive layerin the array of firsttransparent conductive layers
and a corresponding second transparent conductive lay-
er in the array of second transparent conductive layers.
The above steps of manufacturing an array-type double-
side light-emitting device is equivalent to arranging to-
gether the first protective layer 2, the first fluorescent lay-
eror quantum dot layer 4, the first transparent conductive
layer 4, the first anisotropic conductive adhesive layer 8,
the array of light-emitting wafers 12, the second aniso-
tropic conductive adhesive layer 14, the array of second
transparent conductive layers 16, the second fluorescent
layer or quantum dot layer 18 and the second protective
layer 20 in the above sequence. Finally, the above layers
are laminated such that each light-emitting wafer in the
array of light-emitting wafers is electrically connected to
a corresponding first transparent conductive layer in the
array of first transparent conductive layers and a corre-
sponding second transparent conductive layer in the ar-
ray of second transparent conductive layers.

[0044] In an embodiment of the method for manufac-
turing an array-type double-side light-emitting device,
wherein the step S108 of arranging the array of light-
emitting wafers on the first anisotropic conductive gel lay-
er can further comprise a step of S109, providing a first
transparent conductive layer substrate, arranging an ar-
ray of first transparent conductive layer electrodes on the
first transparent conductive layer substrate to form the
array of first transparent conductive layer, and arranging
the array of light-emitting wafers on the first anisotropic
conductive adhesive layer in such a manner that each
light-emitting wafer in the array of light-emitting wafers
corresponds to each first transparent conductive layer
electrode in the array of first transparent conductive layer
electrodes.

[0045] In an embodiment of the method for manufac-
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turing an array-type double-side light-emitting device,
wherein the step S112 of arranging the array of second
transparent conductive layers on the second anisotropic
conductive adhesive layer can further comprise a step
of S113, providing a second transparent conductive layer
substrate, arranging an array of second transparent con-
ductive layer electrodes on the second transparent con-
ductive layer substrate to form the array of second trans-
parent conductive layers, and arranging the array of sec-
ond transparent conductive layers on the second aniso-
tropic conductive adhesive layer in such a manner that
each second transparent conductive layer electrode in
the array of second transparent conductive layer elec-
trodes corresponds to each light-emitting wafer in the
array of light-emitting wafers.

[0046] Alternatively, wherein the step S104 of arrang-
ing the array of first transparent conductive layers on the
first fluorescent layer or quantum dot layer can comprise
a step of arranging the array of first transparent conduc-
tive layers on the first fluorescent layer or quantum dot
layer by means of a first transparent gel layer; and the
step S114 of arranging the second fluorescent layer or
quantum dot layer on the array of second transparent
conductive layers can comprise a step of arranging the
second fluorescent layer or quantum dot layer on the
array of second transparent conductive layers by means
of a second transparent gel layer.

[0047] Optionally, the array of light-emitting wafers
comprises LED light-emitting wafers emitting red light,
green light or blue light, and both the first fluorescent
layer or quantum dot layer and the second fluorescent
layer or quantum dot layer emit light of complementary
color selected from cyan, purple and yellow.

[0048] Fig. 6 shows a method of manufacturing an ar-
ray-type double-side light-emitting device, which can
comprise steps of: S202, attaching an array of first trans-
parent conductive layers to an array of light-emitting wa-
fers by means of a first anisotropic conductive adhesive
layer; S204, attaching the array of light-emitting wafers
to an array of second transparent conductive layers by
means of a second anisotropic conductive adhesive lay-
er; S206, laminating the array of first transparent con-
ductive layers, the array of light-emitting wafers and the
array of second transparent conductive layers such that
the array of first transparent conductive layers and the
array of second transparent conductive layers are elec-
trically connected to the array of light-emitting wafers;
and S208, coating a first fluorescent layer or quantum
dot layer and a second fluorescent layer or quantum dot
layer on a surface of the array of first transparent con-
ductive layers and a surface of the array of second trans-
parent conductive layers respectively, and coating a first
protective layer and a second protective layer on the first
fluorescent layer or quantum dot layer and the second
fluorescent layer or quantum dot layer respectively. The
method of manufacturing an array-type double-side light-
emitting device shown in Fig. 6 is equivalent to, centering
on an array of the light-emitting wafers, sequentially ar-
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ranging an array of first transparent conductive layers on
a surface of an array of light-emitting wafers (by means
of a first anisotropic conductive adhesive layer), an array
of second transparent conductive layers on an opposite
surface of the array of light-emitting wafers (by means of
a second anisotropic conductive adhesive layer), and
then sequentially coating a first fluorescentlayer or quan-
tum dot layer and a second fluorescent layer or quantum
dot layer on a surface of a corresponding array of trans-
parent conductive layers respectively and coating a first
protective layer and a second protective layer on a sur-
face of the corresponding first fluorescent layer or quan-
tum dot layer and the second fluorescent layer or quan-
tum dot layer respectively.

[0049] In an embodiment of the method for manufac-
turing an array-type double-side light-emitting device of
the presentinvention, wherein the step S202 of attaching
an array of first transparent conductive layers to an array
of light-emitting wafers by means of a first anisotropic
conductive adhesive layer can further comprise a step
of S203, providing a first transparent conductive layer
substrate, arranging an array of first transparent conduc-
tive layer electrodes on the first transparent conductive
layer substrate to form the array of first transparent con-
ductive layers, and attaching each first transparent con-
ductive layer electrode in the array of first transparent
conductive layer electrodes to each light-emitting wafer
in the array of light-emitting wafers in a corresponding
manner by means of the first anisotropic conductive ad-
hesive layer.

[0050] Likewise, in an embodiment of the method for
manufacturing an array-type double-side light-emitting
device of the present invention, wherein the step S204
of attaching the array of light-emitting wafers to the array
of second transparent conductive layers by means of the
second anisotropic conductive adhesive layer can further
comprise a step of S205, providing a second transparent
conductive layer substrate, arranging an array of second
transparent conductive layer electrodes carried on the
second transparent conductive layer substrate to form
the array of second transparent conductive layers, and
attaching each light-emitting wafer in the array of light-
emitting wafers to each second transparent conductive
layer electrode in the array of second transparent con-
ductive layer electrodes in a corresponding manner by
means of the second anisotropic conductive adhesive
layer.

[0051] Alternatively, wherein the array of light-emitting
wafers can comprise LED light-emitting wafers emitting
red light, green light or blue light, and both the first fluo-
rescent layer or quantum dot layer and the second fluo-
rescent layer or quantum dot layer emit light of comple-
mentary color selected from cyan, purple and yellow.
[0052] According to a fifth aspect of the present inven-
tion, a double-side display device is provided, comprising
the above double-side light-emitting device, the above
array-type double-side light-emitting device, or an array-
type double-side light-emitting device manufactured by
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using the above method for manufacturing an array-type
double-side light-emitting device.

[0053] Although the present invention has been de-
scribed with reference to the embodiments currently tak-
en into consideration, it should be understood that the
present invention is not limited to the disclosed embod-
iments. On the contrary, the present invention aims to
cover various modifications and equivalent arrange-
ments within the spirit and scope of the appended claims.
The scopes of the following claims are subject to the
broadest explanations so as to include each of such mod-
ifications and equivalent structures and functions.

Claims

1. Adouble-side light-emitting device (10), comprising:
a first protective layer (2), a first fluorescent layer or
quantum dot layer (4), a first transparent conductive
layer (6), a first anisotropic conductive adhesive lay-
er (8), a light-emitting wafer (12), a second aniso-
tropic conductive adhesive layer (14), a second
transparent conductive layer (16), a second fluores-
cent layer or quantum dot layer (18) and a second
protective layer (20), which are arranged together
sequentially.

2. The double-side light-emitting device according to
claim 1, characterized in that the double-side light-
emitting device further comprises: a first transparent
gellayer arranged between the first fluorescent layer
or quantum dot layer and the first transparent con-
ductive layer, and a second transparent gel layer ar-
ranged between the second fluorescent layer or
quantum dot layer and the second transparent con-
ductive layer.

3. The double-side light-emitting device according to
any one of claims 1-2, characterized in that the first
anisotropic conductive adhesive layer electrically
connects the first transparent conductive layer to the
light-emitting wafer, and the second anisotropic con-
ductive adhesive layer electrically connects the sec-
ond transparent conductive layer to the light-emitting
wafer.

4. The double-side light-emitting device according to
any one of claims 1-2, characterized in that the first
protective layer, the first fluorescent layer or quan-
tum dot layer, the first transparent conductive layer,
the first anisotropic conductive adhesive layer, the
light-emitting wafer, the second anisotropic conduc-
tive adhesive layer, the second transparent conduc-
tive layer, the second fluorescent layer or quantum
dot layer and the second protective layer are ar-
ranged plane-symmetrically about the light-emitting
wafer.
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5.

10.

The double-side light-emitting device according to
claim 4, characterized in that the light-emitting wa-
fer is an LED light-emitting wafer emitting red light,
green light or blue light, and both the first fluorescent
layer or quantum dot layer and the second fluores-
cent layer or quantum dot layer emit light of comple-
mentary color selected from cyan, purple and yellow.

An array-type double-side light-emitting device (30),
comprising:

a first protective layer (2), a first fluorescent layer or
quantum dot layer (4), an array of first transparent
conductive layers (6), a first anisotropic conductive
adhesive layer (8), an array of light-emitting wafers
(12), a second anisotropic conductive adhesive lay-
er, an array of second transparent conductive layers,
a second fluorescent layer or quantum dot layer and
a second protective layer, which are arranged to-
gether sequentially.

The array-type double-side light-emitting device ac-
cording to claim 6, characterized in that the array-
type double-side light-emitting device further com-
prises:

a first transparent gel layer arranged between the
first fluorescent layer or quantum dot layer and the
array of first transparent conductive layers, and a
second transparent gel layer arranged between the
second fluorescent layer or quantum dot layer and
the array of second transparent conductive layers.

The array-type double-side light-emitting device ac-
cording to any one of claims 6-7, characterized in
that the first anisotropic conductive adhesive layer
electrically connects each first transparent conduc-
tive layer in the array of first transparent conductive
layers to each light-emitting wafer in the array of light-
emitting wafers in a corresponding manner, and the
second anisotropic conductive adhesive layer elec-
trically connects each second transparent conduc-
tive layer in the array of second transparent conduc-
tive layers to each light-emitting wafer in the array
of light-emitting wafers in a corresponding manner.

The array-type double-side light-emitting device ac-
cording to any one of claims 6-7, characterized in
that the first protective layer, the first fluorescent lay-
er or quantum dot layer, the array of first transparent
conductive layers, the first anisotropic conductive
adhesive layer, the array of light-emitting wafers, the
second anisotropic conductive adhesive layer, the
array of second transparent conductive layers, the
second fluorescent layer or quantum dot layer and
the second protective layer are arranged plane-sym-
metrically about the array of light-emitting wafers.

The array-type double-side light-emitting device ac-
cording to claim 9, characterized in that the array
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of light-emitting wafers comprises LED light-emitting
wafers emitting red light, green light or blue light, and
both the first fluorescent layer or quantum dot layer
and the second fluorescent layer or quantum dot lay-
er emit light of complementary color selected from
cyan, purple and yellow.

A method for manufacturing an array-type double-
side light-emitting device, comprising steps of:

S102, coating or arranging afirstfluorescent lay-
eror quantum dotlayer on afirst protective layer;
S104, arranging an array offirst transparent con-
ductive layers on the first fluorescent layer or
quantum dot layer;

S106, arranging a first anisotropic conductive
adhesive layer on the array of first transparent
conductive layers;

S108, arranging an array of light-emitting wafers
on the first anisotropic conductive adhesive lay-
er;

S110, arranging a second anisotropic conduc-
tive adhesive layer on the array of light-emitting
wafers;

S112, arranging an array of second transparent
conductive layers on the second anisotropic
conductive adhesive layer;

S114, arranging a second fluorescent layer or
quantum dot layer on the array of second trans-
parent conductive layers;

S116, arranging a second protective layer on
the second fluorescent layer or quantum dot lay-
er; and

S118, laminating the layers such that each light-
emitting wafer in the array of light-emitting wa-
fers is electrically connected to a corresponding
first transparent conductive layer in the array of
first transparent conductive layers and a corre-
sponding second transparent conductive layer
in the array of second transparent conductive
layers.

12. The method according to claim 11, wherein the step

S108 of arranging the array of light-emitting wafers
on the first anisotropic conductive gel layer compris-
es a step of:

S109, providing a first transparent conductive layer
substrate, arranging an array of first transparent con-
ductive layer electrodes on the first transparent con-
ductive layer substrate to form the array of first trans-
parent conductive layer, and arranging the array of
light-emitting wafers on the first anisotropic conduc-
tive adhesive layer in such a manner that each light-
emitting wafer in the array of light-emitting wafers
corresponds to each firsttransparent conductive lay-
er electrode in the array of first transparent conduc-
tive layer electrodes.
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10

13.

14.

15.

16.

The method according to claim 11, wherein the step
S112 of arranging the array of second transparent
conductive layers on the second anisotropic conduc-
tive adhesive layer comprises a step of:

S113, providing a second transparent conductive
layer substrate, arranging an array of second trans-
parent conductive layer electrodes on the second
transparent conductive layer substrate to form the
array of second transparent conductive layers, and
arranging the array of second transparent conduc-
tive layers on the second anisotropic conductive ad-
hesive layer in such a manner that each second
transparent conductive layer electrode in the array
of second transparent conductive layer electrodes
corresponds to each light-emitting wafer in the array
of light-emitting wafers.

The method according to any one of claims 11-13,
wherein the step S104 of arranging the array of first
transparent conductive layers on the first fluorescent
layer or quantum dot layer comprises a step of ar-
ranging the array of first transparent conductive lay-
ers on the first fluorescent layer or quantum dot layer
by means of a first transparent gel layer, and

the step S114 of arranging the second fluorescent
layer or quantum dot layer on the array of second
transparent conductive layers comprises a step of
arranging the second fluorescent layer or quantum
dot layer on the array of second transparent conduc-
tive layers by means of a second transparent gel
layer.

The method according to any one of claims 11-13,
wherein the array of light-emitting wafers comprises
LED light-emitting wafers emitting red light, green
light or blue light, and both the first fluorescent layer
or quantum dot layer and the second fluorescent lay-
er or quantum dot layer emit light of complementary
color selected from cyan, purple and yellow.

A method for manufacturing an array-type double-
side light-emitting device, comprising steps of:

S202, attaching an array of first transparent con-
ductive layers to an array of light-emitting wafers
by means of a first anisotropic conductive adhe-
sive layer;

S204, attaching the array of light-emitting wafers
to an array of second transparent conductive
layers by means of a second anisotropic con-
ductive adhesive layer;

S206, laminating the array of first transparent
conductive layers, the array of light-emitting wa-
fers and the array of second transparent con-
ductive layers such that the array of first trans-
parent conductive layers and the array of second
transparent conductive layers are electrically
connected to the array of light-emitting wafers;
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and

S208, coating a first fluorescent layer or quan-
tum dot layer and a second fluorescent layer or
quantum dot layer respectively on a surface of
the array of first transparent conductive layers
and a surface of the array of second transparent
conductive layers, and coating a first protective
layer and a second protective layer respectively
onthefirstfluorescentlayer or quantum dotlayer
and the second fluorescent layer or quantum dot
layer.

The method according to claim 16, wherein the step
S202 of attaching the array of first transparent con-
ductive layers to the array of light-emitting wafers by
means of the first anisotropic conductive adhesive
layer comprises a step of:

S203, providing a first transparent conductive layer
substrate, arranging an array of first transparent con-
ductive layer electrodes on the first transparent con-
ductive layer substrate to form the array of first trans-
parent conductive layers, and attaching each first
transparent conductive layer electrode in the array
of first transparent conductive layer electrodes to
each light-emitting wafer in the array of light-emitting
wafers in a corresponding manner by means of the
first anisotropic conductive adhesive layer.

The method according to claim 16, wherein the step
S204 of attaching the array of light-emitting wafers
to the array of second transparent conductive layers
by means of the second anisotropic conductive ad-
hesive layer comprises a step of:

S205, providing a second transparent conductive
layer substrate, arranging an array of second trans-
parent conductive layer electrodes carried on the
second transparent conductive layer substrate to
form the array of second transparent conductive lay-
ers, and attaching each light-emitting wafer in the
array of light-emitting wafers to each second trans-
parent conductive layer electrode in the array of sec-
ond transparent conductive layer electrodes in a cor-
responding manner by means of the second aniso-
tropic conductive adhesive layer.

The method according to any one of claims 16-18,
wherein the array of light-emitting wafers comprises
LED light-emitting wafers emitting red light, green
light or blue light, and both the first fluorescent layer
or quantum dot layer and the second fluorescent lay-
er or quantum dot layer emit light of complementary
color selected from cyan, purple and yellow.

Adouble-side display device, comprising the double-
side light-emitting device according to any one of
claims 1-5, the array-type double-side light-emitting
device according to any one of claims 6-10, an array-
type double-side light-emitting device manufactured
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by the method according to any one of claims 11-15,
or an array-type double-side light-emitting device
manufactured by the method according to any one
of claims 16-19.
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