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( 57 ) ABSTRACT 

A micro - LED display device includes a substrate ; first 
insulating layer on the substrate and including a first region 
and a second region ; and a micro - LED in the first region , 
wherein the first region has a first hydrophilicity , and the 
second region has a second hydrophilicity that is less than 
the first hydrophilicity . 

11 Claims , 7 Drawing Sheets 
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FIG . 2 
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MICRO - LED DISPLAY DEVICE AND Additional features and advantages of the invention will 
METHOD OF FABRICATING THE SAME be set forth in the description which follows , and in part will 

be apparent from the description , or can be learned by 
CROSS - REFERENCE TO RELATED practice of the invention . The objectives and other advan 

APPLICATION 5 tages of the invention will be realized and attained by the 
structure particularly pointed out in the written description 
and claims hereof as well as the appended drawings . This application claims priority to and the benefit of Embodiments relate to a micro - LED display device Republic of Korea Patent Application No. 10-2017-0110017 including a substrate ; a first insulating layer on the substrate filed in the Republic of Korea on Aug. 30 , 2017 , which is and including a first region and a second region ; and a hereby incorporated by reference in its entirety . micro - LED in the first region , wherein the first region has a 
first hydrophilicity , and the second region has a second 

BACKGROUND OF THE INVENTION hydrophilicity that is less than the first hydrophilicity . 
Embodiments also relate to a method of fabricating a 

Field of the Invention micro - LED display device including forming an insulating 
15 layer on a substrate ; irradiating a UV ray to the insulating 

Embodiments of the invention relate to a display device , layer ; transferring a micro - LED on a stamp onto the insu 
and more particularly , to a micro - LED display device and a lating layer by contacting the micro - LED to the insulating 
method of fabricating the same having high production layer , and separating the stamp from the micro - LED . 
yield . Embodiments also relate to a method of fabricating a 

20 micro - light emitting diode ( micro - LED display device 
Discussion of the Related Art including arranging a stamp over a wafer including a micro 

LED ; irradiating a UV ray on the stamp to increase a 
As the size of the display device becomes larger , the hydrophilicity of the stamp ; transferring the micro - LED to 

requirement of a flat panel display device having increased the stamp by contacting the stamp with the micro - LED ; 
resolution is increased . For example , a liquid crystal display 25 arranging the stamp with the micro - LED over a substrate ; 
( LCD ) device and an organic electroluminescent display irradiating a visible - ray to the stamp to decrease the hydro 
device including an organic light emitting diode as the flat philicity of the stamp ; and transferring the micro_LED to the 
panel display device are rapidly developed . substrate . 

In the LCD device , a backlight unit is disposed under a It is to be understood that both the foregoing general 
liquid crystal panel , where a polarization plate is attached on 30 description and the following detailed description are 
a rear surface and a front surface , and the LCD device can examples and are explanatory and are intended to provide 
have the transmittance of about 5 % with respect to the light further explanation of the invention as claimed . 
from the light source in the backlight unit . Accordingly , 
there is a disadvantage in an optical efficiency of the LCD BRIEF DESCRIPTION OF THE DRAWINGS 
device being low . 

The organic electroluminescent display device has an The accompanying drawings , which are included to pro 
optical efficiency being greater than that of the LCD device . vide a further understanding of the invention and are incor 
However , there is still a limitation in the optical efficiency of porated in and constitute a part of this specification , illustrate 
the organic electroluminescent display device . In addition , embodiments of the invention and together with the descrip 
there are disadvantages in the durability and / or the lifespan 40 tion serve to explain the principles of the invention . 
of the organic electroluminescent display device . FIG . 1 is a schematic plane view of a micro - LED display 

Recently , to overcome the problems of the LCD device device according to an embodiment of the present invention . 
and the electroluminescent display device , a micro - light FIG . 2 is a schematic cross - sectional view of a micro 
emitting diode ( micro - LED ) display device is introduced . LED display device according to a first example embodi 

In the micro - LED display device , a subminiature LED , 45 ment of the present invention . 
which has a size being less than about 100 micrometers , is FIGS . 3A to 3D are schematic cross - sectional views 
disposed in each pixel to display an image . The micro - LED illustrating a fabricating process of the micro - LED display 
display device has advantages in the power consumption and device according to the first example embodiment . 
the miniaturization . FIG . 4 is a schematic view illustrating a structure of a 

In the micro - LED display device , the micro - LED , which 50 pyran compound connected to a base matrix . 
can be referred to as an inorganic LED ( LED ) or a crystal FIG . 5 is a schematic view illustrating a property chang 
LED , is disposed in each pixel . The micro - LED , which is ing mechanism of a pyran compound by light irradiation . 
grown on a wafer , is transferred on an array substrate of the FIG . 6 is a schematic cross - sectional view of a micro 
display device by using a stamp . ED display device according to a second example embodi 
However , the transfer process of thousands or tens of 55 ment of the present invention . 

thousands micro - LEDs is very complicated , and the yield of FIGS . 7A to 7D are schematic cross - sectional views 
the transfer process is significantly low . Accordingly , the illustrating a fabricating process of the micro - LED display 
production yield of the micro - LED display device is device according to the second example embodiment . 
decreased . FIG . 8 shows Table 2 depicting measured water ( H2O ) 

60 contact angle of a hydrophilicity changeable layer according 
SUMMARY OF THE INVENTION to an embodiment of the present invention . 

35 

Accordingly , embodiments of the invention are directed DETAILED DESCRIPTION OF THE 
to a micro - LED display device and a method of fabricating EMBODIMENTS 
the same that substantially obviate one or more of the 65 
problems due to limitations and disadvantages of the related As mentioned above , thousands or tens of thousands 
art , and have other advantages . micro - LEDs should be transferred onto an array substrate of 
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the micro - LED display device . In this instance , a plurality of schematic cross - sectional views illustrating a fabricating 
micro - LEDs should be transferred at the same time . process of the micro - LED display device according to the 
However , in the transfer process , some micro - LEDs on first example embodiment . 

the wafer are not transferred onto the stamp , and / or some As shown in FIG . 2 depicting the schematic cross - sec 
micro - LEDs on the stamp are not transferred onto the array 5 tional view of the micro - LED display device of FIG . 1 from 
substrate . Accordingly , the production yield of the micro the TFT Tr through a common contact hole 168 , the micro 
LED display device is lowered . LED 170 is positioned over the first substrate 101 , and the 

Reference will now be made in detail to embodiments of TFT Tr is positioned between the first substrate 101 and the 
micro - LED 170 . the invention , examples of which are illustrated in the A second substrate , which can be attached to the first accompanying drawings . substrate 101 , can be disposed over the micro - LED 170 . FIG . 1 is a schematic plane view of a micro - LED display A gate electrode 112 is formed on the first substrate 101 . device according to an embodiment of the present invention . The gate electrode 112 is connected to the gate line 110 ( of All the components of the micro - LED display device FIG . 1 ) . For example , each of the gate line 110 and the gate according to all embodiments are operationally coupled and 15 electrode 112 can be formed of a low resistance metallic configured material , e.g. , aluminum or copper . Other materials can be 

As shown in FIG . 1 , the micro - LED display device 100 used . 
includes a plurality of thin film transistors ( TFT ) Tr on a first A gate insulation layer 114 can be formed over an entire 
substrate 101 and a plurality of micro - LEDs 170 connected surface of the first substrate 101 to cover the gate line 110 
to the plurality of TFTs Tr . 20 and the gate electrode 112. For example , the gate insulating 

The first substrate 101 can be a glass substrate or a plastic layer 114 can be formed of an inorganic insulating material , 
substrate . For example , the first substrate 101 can be formed e.g. , silicon oxide or silicon nitride . 
of polyimide . A semiconductor layer 120 corresponding to the gate 

Agate line 110 and a data line 130 , which cross each other electrode 112 can be formed on the gate insulating layer 114 . 
to define a pixel region P , are formed on the first substrate 25 For example , the semiconductor layer 120 can be formed of 
101. In addition , a common voltage line 136 , which can be an oxide semiconductor material . Alternatively , the semi 
parallel to and spaced apart from the data line 130 , can be conductor layer 120 can have a double - layered structure 
formed on the first substrate 130. It is to be understood that including an active layer of intrinsic amorphous silicon and 
the micro - LED display device 100 includes a plurality of an ohmic contact layer of an n - type impurity - doped amor 
gate lines 110 and a plurality of data lines 130 that define a 30 phous silicon . 
plurality of pixel regions P. Each of the plurality of pixel A source electrode 132 , which is connected to the data 
regions include one or more thin film transistors ( TFT ) Tr , line 130 ( of FIG . 1 ) , is formed on the semiconductor layer 
and other components . 120. In a drain electrode 134 , which is spaced apart 

The TFT Tr includes a gate electrode 112 , a semiconduc from the source electrode 132 , is formed on the semicon 
tor layer , a source electrode 132 and a drain electrode 134 35 ductor layer 120. For example , each of the data line 130 , the 
and is connected to the gate line 110 and the data line 130 . source electrode 132 and the drain electrode 134 can be 
Namely , the gate electrode 112 is connected to the gate line formed of a low resistance metallic material , e.g. , aluminum 
110 , and the source electrode 132 is connected to the data or copper . Other materials can be used . 
line 130 . The common voltage line 136 , which is spaced apart from 

The micro - LED 170 is positioned in the pixel region P 40 and parallel to the data line 130 , is formed on the gate 
and is connected to the drain electrode 134 and the common insulating layer 114. Alternatively , the common voltage line 
voltage line 136. For example , an insulating layer , which 136 can be spaced apart from and parallel to the gate line 
includes a drain contact hole 166 exposing the drain elec 110. In this instance , the common voltage line 136 can be 
trode 134 and the common contact hole 168 exposing the formed on the same layer as the gate line 110 . 
common voltage line 136 , can be formed on the TFT Tr and 45 The gate electrode 112 , the semiconductor layer 120 , the 
the common voltage line 136 , and the micro - LED 170 can source electrode 132 and the drain electrode 134 constitute 
be formed on the insulating layer to be connected to the the TFT Tr . 
drain electrode 134 and the common voltage line 136 In the TFT Tr , the gate electrode 112 can be positioned 
through the drain contact hole 166 and the common contact under the semiconductor layer 120 , and the source and drain 
hole 168 , respectively . 50 electrodes 132 and 134 are positioned over the semiconduc 

In the micro - LED display device 100 , at least one micro tor layer 120. Namely , the TFT Tr has an inverted staggered 
LED 170 is formed in each pixel region P to emit the light , structure . 
and there are advantages in the brightness , the power con Alternatively , the gate electrode , the source electrode , and 
sumption , the lifespan , and so on . For example , one red the drain electrode can be positioned over the semiconductor 
micro - LED , one green micro - LED and one blue micro - LED 55 layer such that the TFT can have a coplanar structure . 
can be disposed in three adjacent pixel regions P. Alterna A first insulating layer 140 can be formed to cover the 
tively , the red micro - LED , the green micro - LED and the TFT Tr , and second and third insulating layers 150 and 160 
blue micro - LED can be disposed in one pixel region P. can be sequentially formed on the first insulating layer 140 . 

In addition , as described below , the transfer process of the A drain contact hole 166 , which exposes a portion of the 
micro - LED can be performed by using a hydrophilic - hy- 60 drain electrode 134 , and a common contact hole 168 , which 
drophobic changeable material by a UV ray and visible ray exposes a portion of the common voltage line 136 , can be 
irradiation such that the production yield of the micro - LED formed through the first and third insulating layers 140 and 
display device 100 is improved and the production cost of 160 . 
the micro - LED display device 100 is reduced . The second insulating layer 150 can be formed at a part 

FIG . 2 is a schematic cross - sectional view of a micro- 65 of the pixel region P to increase a height ( or thickness ) of the 
LED display device according to a first example embodi third insulating layer 160. Namely , the second insulating 
ment of the present invention , and FIGS . 3A to 3D are layer 150 can be positioned between the first and third 
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insulating layers 140 and 160 and covers a lateral side of the licity changeable layer is increase by a UV ray irradiation 
micro - LED 170. The second insulating layer 150 can be and decreased by visible - ray irradiation . In embodiments of 
spaced apart from the micro - LED 170 . the invention , the hydrophilicity changeable layer can be 

Since the micro - LED 170 is pressurized or pressed and formed locally in disconnected arrangement , either at the 
attached onto the third insulating layer 160 by the transfer 5 holding structure or directly on a surface of the stamp 400 . 
process , the third insulating layer 160 can be formed by 
coating a low viscosity material . First and second connec 
tion lines 174 and 176 respectively connecting the micro [ Formula 1 ] 
LED 170 to the drain electrode 134 and the common voltage 
line 136 can be formed on the third insulating layer 160. To 10 
prevent or reduce the disconnection of the first and second 
connection lines 174 and 176 by a step difference between 
the micro - LED 170 and the third insulating layer 160 , a first 
region 162 of the third insulating layer 160 can have a R2 
relatively small height and a second region 164 of the third 15 
insulating layer 160 can have a relatively large height . 

In the present invention , since the second insulating layer In Formula 1 , R1 and R2 are hydrogen or combined to 150 can be formed to cover the lateral side of the micro - LED each other to form a fused ring . R3 can be selected from an 170 , a height of the second portion 164 of the third insulating 
layer 160 can be increased due to the thickness of the second 20 electron withdrawing group . For example , R3 can be 

selected from — NO2 , COOH and CN . R4 can insulating layer 150. Accordingly , the disconnection prob be selected from methacrylamide group , alkoxy group , acryl lem of the first and second connection lines 174 and 176 can 
be prevented or reduced . However , the second insulating group , epoxy group , amide group , vinyl group . 
layer 150 can be omitted . Namely , the hydrophilicity changeable material can be a 

The third insulating layer 160 can be formed of an organic 25 pyran - based compound and can be a material of Formula 2 . 
insulating material , e.g. , photo - acryl , and has a height dif 
ference in the pixel region P. 
Namely , in the third insulating layer 160 , the first region [ Formula 2 ] 

162 , which can correspond to a center of the pixel region P , 
has a first height from the first substrate 101 , and the second 30 
region 164 , which can correspond to an edge of the pixel 
region P , has a second height , which can be greater than the O2N 
first height , from the substrate 101 . 

The micro - LED 170 can be formed on the first region 162 
of the third insulating layer 160. In this instance , the height 35 
difference between the first and second portions 162 and 164 R4 in Formula 2 can be the same as that in Formula 1 . 
can be substantially equal to a thickness of the micro - LED Namely , R4 can be selected from methacrylamide group , 
170. As a result , a portion of the micro - LED 170 and the alkoxy group , acryl group , epoxy group , amide group , vinyl 
second portion 164 can provide a flat top surface . group . 

Referring to FIG . 3A , a stamp 400 optionally including at 40 The hydrophilicity changeable material can be dispersed 
least one protrusion 410 can be disposed over a wafer 300 in a rubber base matrix , e.g. , PDMS , or can be coated on the 
on which the micro - LED 170 can be grown or fabricated . surface of the stamp 400. In addition , as shown in FIG . 4 , For example , the stamp 400 can be formed of a rubber which is a schematic view illustrating a structure of a pyran material , e.g. , polydimethylsiloxane ( PDMS ) and includes a compound connected to a base matrix , the pyran - based hydrophilicity changeable material , which is represented by 45 compound can be connected to the base matrix as a side Formula 1 , therein . The stamp 400 can be other materials chain . that provide support for the micro - LED 170. Also , the stamp 
400 need not include the at least one protrusion 410 to Referring again to FIG . 3A , the UV ray is irradiated onto 
correspond to the micro - LED 170. For example , the micro the stamp 400 , such as one surface of the stamp 400. The UV 
LED 170 can be seated in a recess on a surface of the stamp 50 ray can have a wavelength of about 300 to 400 nm , and can 
400 , or the stamp 400 can include a holding structure to hold be 365 nm . When the UV ray is irradiated onto the stamp 
the micro - LED 170. The sizes or dimensions of the struc 400 , the hydrophilicity of the stamp 400 is increased such 
ture , such as the protrusion 410 or a recess can be about the that one or more surfaces of the stamp 400 has or obtains a 
same as a size or a dimension of the micro - LED 170 , but hydrophilic property . Accordingly , the adhesion strength 
such is not required . If multiple - sized or different sized 55 between the stamp 400 and the micro - LED 170 is increased 
micro - LED 170 are used , the holding structure of the stamp thereby . 
400 can be varied to accommodate the sizes of the micro Referring to FIG . 5 , which is a schematic view illustrating 
LED 170. The holding structure of the stamp 400 can be a property changing mechanism of a pyran compound by 
arranged in one of a regular interval , in a specific arraign light irradiation , a ring of a pyran moiety of the pyran - based 
ment , and a pattern that can be each suitable with the 60 compound , which has a hydrophobic property , is opened by 
arrangement of an array of micro - LEDs 170 . UV ray irradiation such that the hydrophilic property is 

Alternatively , the hydrophilicity changeable material can provided . On the other hand , the ring is closed by visible - ray 
be coated on a surface of the stamp 400. Namely , the irradiation such that the hydrophobic property is provided . 
hydrophilicity changeable material can be coated on the In this instance , the electron of a nitrogen atom is easily 
protrusion side surface , but such is not required . The stamp 65 withdrawn by the electron withdrawing group , e.g. , R3 in 
400 includes a base layer and a hydrophilicity changeable Formula 1 , such that the ring of the pyran moiety is easily 
layer on the base layer . The hydrophilicity of the hydrophi opened . 



25 

US 10,741,728 B2 
7 8 

In other words , by the UV ray irradiation , the hydrophilic Namely , the first and second connection lines 174 and 176 
property of the hydrophilicity changeable material is are disposed on the third insulating layer 160 and in the 
increased , and the hydrophobic property of the hydrophilic second region 164 of the third insulating layer 160. In 
ity changeable material is decreased . On the other hand , by addition , one end of the first connection line 174 is con 
visible - ray irradiation , the hydrophilic property of the 5 nected to the anode of the micro - LED 170 , and the other end hydrophilicity changeable material is decreased , and the of the first connection line 174 is connected to the drain hydrophobic property of the hydrophilicity changeable electrode 134 of the TFT Tr through the drain contact hole 
material is increased . 166. One end of the second connection line 176 is connected 

Accordingly , when the stamp 400 , on which the UV ray to the cathode of the micro - LED 170 , and the other end of 
is irradiated , contacts the micro - LED 170 , the micro - LED 10 the second connection line 176 is connected to the common 
170 is easily or efficiently transferred from the wafer 300 to voltage line 136 through the common contact hole 168 . 
stamp 400 as shown in FIG . 3B . Accordingly , the voltage of the data line 130 is applied to 
Next , as shown in FIG . 3C , the stamp 400 , where the the anode of the micro - LED 170 through the TFT Tr , and the 

micro - LED 170 is transferred on the protrusion 410 , is voltage of the common voltage line 136 is applied to the 
disposed over the first substrate 101 , where the third insu- 15 cathode of the micro - LED 170. As a result , the emission of 
lating layer 160 ( of FIG . 2 ) is formed , the visible - ray " Vis " the micro - LED 170 is generated , and the micro - LED display 
is irradiated onto an upper surface , i.e. , the protrusion device 100 provides an image . 
opposite side , of the stamp 400 . As mentioned above , in the present invention , the micro 

As a result , the hydrophobic property of the surface of the LED 170 is transferred by using the stamp 400 , where the 
stamp 400 is increased such that the adhesion strength 20 hydrophilicity changeable material is coated or mixed , such 
between the stamp 400 and the micro - LED 170 is decreased . that the transfer efficiency of the micro - LED 170 is Next , by contacting the micro - LED 170 to the first improved . As a result , the production yield of the micro 
substrate 101 , the micro - LED 170 is easily or efficiently LED display device 100 is improved , and the production 
transferred from the stamp 400 to the first substrate 101 as cost of the micro - LED display device 100 is reduced . 
shown in FIG . 3D . However , in the micro - LED display device 100 according 

The PDMS stamp , where the hydrophilicity changeable to the first embodiment , an adhesion strength between the 
material is coated , “ Ex1 ” and the PDMS stamp , where micro - LED 170 and the third insulating layer 160 over the 
hydrophilicity changeable material is mixed , “ Ex2 ” are first substrate 101 can be bad such that a separation problem 
prepared . The hydrophilicity changeable material of For ( detaching problem ) of the micro - LED 170 can be caused . 
mula 2 , where R4 can be a methacrylamide group , can be 30 Namely , since the third insulating layer 160 , which can be 
used . The transfer ratio of the micro - LED from the wafer to formed of an organic insulating material , can have a hydro 
the stamp according to the UV ray irradiation is measured phobic property , there can be a problem in the adhesion 
and listed in Table 1 . strength between the hydrophilic micro - LED 170 and the 

hydrophobic third insulating layer 160 . 
TABLE 1 FIG . 6 is a schematic cross - sectional view of a micro 

LED display device according to a second example embodi 
ment of the present invention . All the components of the 

UV ( 365 nm ) UV ( 365 nm ) micro - LED display device according to all embodiments are 
( transfer / initial ) ( transfer / initial ) operationally coupled and configured . 

As shown in FIG . 6 , a micro - LED 270 is positioned over 
a first substrate 201 , and a TFT Tr is positioned between the 

200 m 100/100 95/100 first substrate 201 and the micro - LED 270. It is to be 
250 m ) understood that the micro - LED display device according to 
300 mJ the second example embodiment also includes a plurality of 

45 gate lines and a plurality of data lines that define a plurality 
As shown in Table 1 , the transfer ratio of the micro - LED of pixel regions . Each of the plurality of pixel regions 

is improved by the UV ray irradiation , and there can be no include one or more thin film transistors ( TFT ) , and other 
difference in coating and mixing the hydrophilicity change components 
able material . A second substrate , which can be attached to the first 
Referring again to FIG . 2 , the micro - LED 170 is posi- 50 substrate 201 , can be disposed over the micro - LED 270 . 

tioned in the first region 162 of the third insulating layer 160 The TFT Tr can include a gate electrode 212 , a semicon 
in the pixel region P. The micro - LED 170 can include an ductor layer 220 , a source electrode 232 and a drain elec 
anode and a cathode , which faces the anode , an active layer trode 234. In addition , a gate line and a data line , which cross 
as an emitting part between the anode and the cathode , and each other , are formed on the first substrate 101 , and a 
a reflection plate 172 under the active layer . The light 55 common voltage line 236 is formed to be spaced apart from 
emitted from the active layer is reflected by the reflection and parallel to the data line . 
plate 172 such that the optical efficiency of the micro - LED A first insulating layer 240 can be formed to cover the 
display device 100 is improved . TFT Tr , and second and third insulating layers 250 and 260 

The reflection plate 172 can be a separation element from are sequentially formed on the first insulating layer 240. A 
the anode or the cathode . Alternatively , the anode or the 60 drain contact hole 266 , which exposes a portion of the drain 
cathode can be formed of a reflective material to serve as the electrode 234 , and a common contact hole 268 , which 
reflection plate 172 . exposes a portion of the common voltage line 236 , are 

The micro - LED 170 is connected to the drain electrode formed through the first and third insulating layers 240 and 
134 of the TFT Tr through the first connection line 174 , 260 . 
which is connected to the anode , and the common voltage 65 The second insulating layer 250 can be formed at a part 
line 136 through the second connection line 176 , which is of the pixel region P to increase a height ( or thickness ) of the 
connected to the cathode . third insulating layer 260. Namely , the second insulating 

35 

Ex1 Ex2 

transfer ratio transfer ratio 
amount amount 

40 50 mJ 
150 mJ 

80/100 
95/100 

80/100 
90/100 

50 mJ 
150 m 
200 m ) 
250 m 
300 mJ 

100/100 
100/100 

100/100 
100/100 
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layer 250 can be positioned between the first and third layer is reflected by the reflection plate 272 such that the 
insulating layers 240 and 260 and covers a lateral side of the optical efficiency of the micro - LED display device 200 is 
micro - LED 270. The second insulating layer 250 can be improved . 
spaced apart from the micro - LED 270 . The reflection plate 272 can be a separation element from 

Since the micro - LED 270 is pressurized or pressed and 5 the anode or the cathode . Alternatively , the anode or the 
attached onto the third insulating layer 260 by the transfer cathode can be formed of a reflective material to serve as the 
process , the third insulating layer 260 can be formed by reflection plate 272 . 

The micro - LED 270 is connected to the drain electrode coating a low viscosity material . First and second connec 
tion lines 274 and 276 respectively connecting the micro 234 of the TFT Tr through the first connection line 274 , 
LED 270 to the drain electrode 234 and the common voltage 10 which is connected to the anode , and the common voltage 

line 236 through the second connection line 276 , which is line 236 are formed on the third insulating layer 260. To connected to the cathode . prevent or reduce the disconnection of the first and second Namely , the first and second connection lines 274 and 276 connection lines 274 and 276 by a step difference between are disposed on the third insulating layer 260 and in the the micro - LED 270 and the third insulating layer 260 , 15 second region 264 of the third insulating layer 260. In region 262 of the third insulating layer 260 can have a addition , one end of the first connection line 274 is con relatively small height and a second region 264 of the third nected to the anode of the micro - LED 270 , and the other end 
insulating layer 260 can have a relatively large height . of the first connection line 274 is connected to the drain 

In the present invention , since the second insulating layer electrode 234 of the TFT Tr through the drain contact hole 
250 can be formed to cover the lateral side of the micro - LED 20 266. One end of the second connection line 276 is connected 
270 , a height of the second portion 264 of the third insulating to the cathode of the micro - LED 270 , and the other end of 
layer 260 can be increased due to the thickness of the second the second connection line 276 is connected to the common 
insulating layer 250. Accordingly , the disconnection prob voltage line 236 through the common contact hole 268 . 
lem of the first and second connection lines 274 and 276 can Accordingly , the voltage of the data line is applied to the 
be prevented or reduced . However , the second insulating 25 anode of the micro - LED 270 through the TFT Tr , and the 
layer 250 can be omitted . voltage of the common voltage line 236 is applied to the 

The third insulating layer 260 includes an organic insu cathode of the micro - LED 270. As a result , the emission of 
lating material , e.g. , photo - acryl , and a hydrophilicity the micro - LED 270 is generated , and the micro - LED display 
changeable material of Formula 1. The hydrophilicity device 200 provides an image . 
changeable material can be dispersed or mixed with the As mentioned above , in the present invention , the micro 

LED 270 is transferred onto the third insulating layer 260 , organic insulating material or coated on its surface . The third where the hydrophilicity changeable material is coated or insulating layer 260 has a height difference and a property mixed , such that the transfer efficiency of the micro - LED difference in the pixel region P. 
When the hydrophilicity changeable material is coated , 35 micro - LED display device 200 is improved , and the pro 270 is improved . As a result , the production yield of the 

the third insulating layer 260 includes a base layer and a duction cost of the micro - LED display device 200 is hydrophilicity changeable layer on the base layer . Namely , reduced . 
the base layer can be positioned between the first substrate In addition , since the first region 262 of the third insu 
201 and the hydrophilicity changeable layer . The hydrophi lating layer 260 , where the micro - LED 270 is attached , has 
licity of the hydrophilicity changeable layer is increased by 40 a high hydrophilicity ( hydrophilic property ) , the adhesion 
the UV ray irradiation , and the hydrophilicity of the hydro strength between the micro - LED 270 and the third insulating 
philicity changeable layer is decreased by visible - ray irra layer 260 is improved and / or maintained . Accordingly , the 
diation . separation or peel problem of the micro - LED 270 is pre 

In the third insulating layer 260 , the first region 262 vented or reduced , and the production yield of the micro 
corresponding to a center of the pixel region P has a first 45 LED display device 200 is further improved . The display 
hydrophilicity and a first height from the first substrate 201 , quality of the micro - LED display device 200 is also 
and the second region 264 corresponding to an edge of the improved 
pixel region P has a second hydrophilicity and a second FIGS . 7A to 7D are schematic cross - sectional views 
height from the substrate 201. The second hydrophilicity is illustrating a fabricating process of the micro - LED display 
smaller than the first hydrophilicity , and the second height is 50 device according to the second example embodiment of 
greater than the first height . FIG . 6 . 

The micro - LED 270 can be formed in the first region 262 As shown in FIG . 7A , the TFT Tr , the common voltage 
of the third insulating layer 260. Namely , the micro - LED line 236 and the first to third insulating layers 240 , 250 and 
270 can be formed in the first region 262 , which has a 260 are formed on the first substrate 201 . 
relatively high hydrophilic property ( low hydrophobic prop- 55 In more detail , a first metallic material can be coated on 
erty ) such that the adhesion strength between the micro - LED the first substrate 201 , and a mask process can be performed 
270 and the third insulating layer 260 is improved . As a to form the gate line 110 ( of FIG . 1 ) and the gate electrode 
result , the separation problem of the micro - LED 270 is 212 connected to the gate line 110. For example , the first 
prevented or reduced . In addition , the micro - LED 270 can metallic material can be a low resistance material such as 
be formed in the first region 262 , which has a relatively low 60 aluminum or copper . Other materials can be used . 
height from the first substrate 201 , such that the disconnec Next , a gate insulation layer 214 can be formed over an 
tion problem of the first and second connection lines 274 and entire surface of the first substrate 201 to cover the gate line 
276 is also prevented or reduced . 110 and the gate electrode 212. For example , the gate 

The micro - LED 270 can include an anode and a cathode , insulating layer 214 can be formed of an inorganic insulating 
which faces the anode , an active layer as an emitting part 65 material , e.g. , silicon oxide or silicon nitride . 
between the anode and the cathode , and a reflection plate Next , a semiconductor layer 220 corresponding to the 
272 under the active layer . The light emitted from the active gate electrode 212 can be formed on the gate insulating layer 
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214. For example , the semiconductor layer 220 can be 260 is formed , the micro - LED 270 is transferred to the third 
formed of an oxide semiconductor material . Alternatively , insulating layer 260. In this instance , operation of pressur 
the semiconductor layer 220 can have a double - layered izing the micro - LED 270 toward the third insulating layer 
structure including an active layer of intrinsic amorphous 260 can be further performed . 
silicon and an ohmic contact layer of an n - type impurity- 5 As mentioned above , since the third insulating layer 260 
doped amorphous silicon . has high hydrophilicity ( hydrophilic property ) by the UV ray 

Next , a second metallic material can be coated on the first irradiation , the micro - LED 270 and the third insulating layer substrate 201 , and a mask process can be performed to form 260 have high adhesion strength . Accordingly , the transfer 
the source electrode 232 and the drain electrode 234. In efficiency of the micro - LED 270 to the third insulating layer addition , the data line 130 ( of FIG . 1 ) , which is connected 10 260 is improved . to the source electrode 232 , and the common voltage line 
236 , which can be spaced apart from and parallel to the data Next , as shown in FIG . 7C , the stamp 400 is separated or 

detached from the micro - LED 270. Since the micro - LED line 130 , are also formed on the gate insulating layer 214 . 
For example , the second metallic material can be a low 270 and the third insulating layer 260 have high adhesion 
resistance material such as aluminum or copper . Other 15 strength , the stamp 400 is easily or efficiently separated ( or 
materials can be used . detached ) from the micro - LED 270 . 

The gate electrode 212 , the semiconductor layer 220 , the On the other hand , when the hydrophilicity changeable 
source electrode 232 and the drain electrode 234 constitute material is included in the stamp 400 or coated on the stamp 
the TFT Tr . 400 as described in the first embodiment , an operation of 
Next , the first insulating layer 240 can be formed to cover 20 irradiating visible - ray can be performed between the opera 

the TFT Tr , the common voltage line 236 and the data line tion of transferring the micro - LED 270 onto the third 
130. For example , the first insulating layer 240 can be insulating layer 260 and the operation of separating the 
formed of an inorganic insulating material such as silicon stamp 400 from the micro - LED 270 or can be simultane 
oxide or silicon nitride . ously performed as the operation of separating the stamp 

Next , an organic insulating material , e.g. , photo - acryl , can 25 400 from the micro - LED 270 . 
be coated on the first insulating layer , and the mask process Namely , when the UV ray is irradiated onto the stamp 400 
can be performed to form the second insulating layer 250 in the operation of transferring the micro - LED 270 from the surrounding a region where the micro - LED 270 will be wafer 300 ( of FIG . 3A ) to the stamp 400 , the visible - ray is formed . irradiated onto the stamp 400 in the operation of separating 

Next , an organic insulating material , e.g. , photo - acryl , can 30 the stamp 400 from the micro - LED 270 to decrease the be coated to form the third insulating layer 260 covering the hydrophilicity of the stamp 400. As a result , the adhesion second insulating layer 240 and the first insulating layer 240 . strength between the stamp 400 and the micro - LED 270 is In this instance , the hydrophilicity changeable material of decreased , and the stamp 400 is easily or efficiently sepa Formula 1 can be mixed with the organic insulating material rated from the micro - LED 270 . or connected to the organic insulating material . 
Alternatively , after a base layer can be formed by coating In this instance , since the visible - ray is blocked by the 

the organic insulating material such as photo - acryl , the reflection plate 272 ( of FIG . 6 ) of the micro - LED 270 , the 
hydrophilicity changeable material can be coated on the base hydrophilicity of the third insulating layer 260 is main 
layer to form the hydrophilicity changeable layer . In this tained . Namely , the second region 264 is exposed to the 
instance , the third insulating layer 260 can have a double- 40 visible - ray such that the second region 264 has a first 
layered structure of the base layer and the hydrophilicity hydrophilicity being smaller than a second hydrophilicity of 
changeable layer . The micro - LED 270 contacts the hydro the first region 262 . 
philicity changeable layer . On the other hand , the micro - LED display device 200 is 

The third insulating layer 260 has a step difference ( or exposed to outer ( or external ) visible - ray without the visible 
height difference ) due to the second insulating layer 250. As 45 ray irradiation operation . Since the visible - ray is also 
a result , the first region 262 of the third insulating layer 260 blocked by the reflection plate 272 of the micro - LED 270 , 
has a first height from the first substrate 201 , and the second the hydrophilicity of the second region 264 becomes smaller 
region 264 of the third insulating layer 260 has a second than the hydrophilicity of the first region 262 . 
height , which can be greater than the first height , from the In addition , the visible - ray emitted from the micro - LED 
first substrate 201 . 50 270 in the operation of the micro - LED display device 200 is 
Next , the UV ray is irradiated onto the third insulating also blocked by the reflection plate 272 of the micro - LED 

layer 260. The UV ray can have a wavelength of about 300 270 such that the hydrophilicity of the first region 262 is 
to 400 nm , and can be about 365 nm . maintained 

The third insulating layer 260 , which includes the hydro Accordingly , a pyran - ring opened compound ( right side 
philicity changeable material or the hydrophilicity change- 55 compound in FIG . 6 ) can be included in the first region 262 , 
able layer , has a low hydrophilicity before the UV ray is and a pyran - ring closed compound ( left side compound in 
irradiated . However , when the UV ray is irradiated , the FIG . 6 ) can be included in the second region 264 . 
pyran ring of the hydrophilicity changeable material is As mentioned above , since the first region 262 has high 
opened such that the hydrophilicity of the hydrophilicity hydrophilicity , the separation of the micro - LED 270 from 
changeable material is increased as explained with reference 60 the third insulating layer 260 is prevented or reduced . 
to FIG . 5 . An insulating layer including a base layer of photo - acryl 

Accordingly , after the UV ray irradiation process , both of and a hydrophilicity changeable layer coated on the base 
the first and second regions 262 and 264 of the third layer is prepared , and the UV ray irradiation operation and 
insulating layer 260 have high hydrophilicity . the micro - LED transfer operation are performed . The hydro 
Next , as shown in FIG . 7B , by contacting the stamp 400 , 65 philicity changeable material of Formula 2 , where R4 can be 

where the micro - LED 270 is transferred on the protrusion a methacrylamide group , can be used . Water ( H2O ) contact 
410 , with the substrate 201 , where the third insulating layer angle of the hydrophilicity changeable layer is measured and 

35 
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shown in Table 2 of FIG . 8. ( 5 - point average contact angle ) 5. The micro - LED display device according to claim 1 , 
The contact angle in the first region is tested after the wherein the micro - LED includes an active layer and a 
micro - LED is or removed . reflection plate , and 
As shown in Table 2 , the contact angle in the first region , wherein the reflection plate is between the active layer 

where the micro - LED is formed , is decreased by the UV ray 5 and the first region of the first insulating layer . 
irradiation , and the contact angle in the first region is 6. The micro - LED display device according to claim 1 , maintained because the irradiation of the visible - ray to the wherein the first region has a first height from the substrate , first region is blocked by the reflection plate of the micro and the second region has a second height from the sub LED . However , the second region , where the micro - LED is strate , and not formed , is exposed to the visible - ray such that the 10 wherein the second height is greater than the first height . contact angle of the second region after the UV ray irradia 7. The micro - LED display device according to claim 6 , tion is similar to that in the initial state . wherein a thickness of the micro - LED is substantially equal Namely , the hydrophilicity of the first region is increased 
by the UV ray irradiation such that the adhesion strength to a difference between the first and second heights . 
between the micro - LED to the first region is improved . In 15 8. The micro - LED display device according to claim 1 , 
addition , since the visible - ray to the first region is blocked , further comprising : 
the hydrophilicity of the first region is substantially main a thin film transistor on the substrate ; 
tained such that the adhesion strength between the micro a common voltage line on the substrate ; 
LED to the first region is substantially maintained . a second insulating layer covering the thin film transistor 
Next , as shown in FIG . 7D , by performing a mask process 20 and the common voltage line , and positioned between 

to the first and third insulating layers 240 and 260 , the drain the substrate and the first insulating layer ; and 
contact hole 266 and the common contact hole 268 respec a third insulating layer positioned between the first and 
tively exposing the drain electrode 234 and the common second insulating layers , and surrounding a lateral side 
voltage line 236 are formed . of the micro - LED . 
Next , a metallic material can be deposited on the third 25 9. The micro - LED display device according to claim 8 , 

insulating layer 260 , and a mask process can be performed further comprising : 
to form the first and second connection lines 274 and 276 for a first connection line and a second connection line on the 
connecting the micro - LED 270 to the drain electrode 234 first insulating layer , 
and the common voltage line 236 . wherein a drain contact hole and a common contact hole It will be apparent to those skilled in the art that various 30 respectively exposing a drain electrode of the thin film modifications and variations can be made in the embodi transistor and the common voltage line are formed ments of the invention without departing from the spirit or through the first and second insulating layers , scope of the invention . us , it is intended that the modi wherein one end of the first connection line is connected fications and variations cover this invention provided they to the micro - LED , and another end of the first connec come within the scope of the appended claims and their 35 
equivalents . tion line is connected to the drain electrode through the 
What is claimed is : drain contact hole , and 
1. A micro - light emitting diode ( micro - LED ) display wherein one end of the second connection line is con 

device , comprising : nected to the micro - LED , and another end of the second 
a substrate ; connection line is connected to the common voltage 
a first insulating layer on the substrate and including a first line through the common contact hole . 

region and a second region ; and 10. A micro - light emitting diode ( micro - LED ) display 
a micro - LED on the first insulating layer and in the first device , comprising : 

region , a substrate ; 
wherein the first insulating layer in the first region has a 45 a first insulating layer on the substrate and including a first 

first hydrophilicity , and the first insulating layer in the region and a second region ; and 
second region has a second hydrophilicity that is less a micro - LED in the first region , 
than the first hydrophilicity . wherein the first region has a first hydrophilicity , and the 

2. The micro - LED display device according to claim 1 , second region has a second hydrophilicity that is less 
wherein the first insulating layer includes a hydrophilicity 50 than the first hydrophilicity , 
changeable material , and wherein the first insulating layer includes a hydrophilicity 
wherein a hydrophilicity of the hydrophilicity changeable changeable material , and 

material is increased by a UV ray , and the hydrophi wherein a hydrophilicity of the hydrophilicity changeable 
licity of the hydrophilicity changeable material is material is increased by a UV ray , and the hydrophi 
decreased by a visible - ray . licity of the hydrophilicity changeable material is 

3. The micro - LED display device according to claim 1 , decreased by a visible - ray . 
wherein the first insulating layer includes a base layer and a 11. A micro - light emitting diode ( micro - LED ) display 
hydrophilicity changeable layer on the base layer , the hydro device , comprising : 
philicity changeable layer including a hydrophilicity a substrate ; 
changeable material , and a first insulating layer on the substrate and including a first 

wherein a hydrophilicity of the hydrophilicity changeable region and a second region ; and 
material is increased by a UV ray , and the hydrophi a micro - LED in the first region , 
licity of the hydrophilicity changeable material is wherein the first region has a first hydrophilicity , and the 
decreased by a visible - ray . second region has a second hydrophilicity that is less 

4. The micro - LED display device according to claim 3 , than the first hydrophilicity , 
wherein the micro - LED contacts the hydrophilicity change wherein the micro - LED includes an active layer and a 
able layer . reflection plate , and 

40 

55 

60 

65 



16 
US 10,741,728 B2 

15 
wherein the reflection plate is between the active layer 

and the first region of the first insulating layer . 


