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( 57 ) ABSTRACT 
A display device includes a substrate , and a first light 
emitting diode element disposed over the substrate and 
having a first light - emitting path . The display device further 
includes a light - emitting angle changing layer disposed over 
the first light - emitting diode element . The display device 
further includes a second light - emitting diode element dis 
posed over the substrate . The second light - emitting diode 
element is disposed at a position other than the region 
corresponding to the first light - emitting path . The first 
light - emitting diode element has a first light - emitting angle , 
the second light - emitting diode element has a second light 
emitting angle , and the second light - emitting angle is greater 
than the first light - emitting angle . 
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DISPLAY DEVICES AND METHODS OF 
MANUFACTURING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuing application of 
co - pending application Ser . No . 15 / 806 , 752 filed on Nov . 8 , 
2017 , which claims priority of Taiwan Patent Application 
No . 106111523 , filed on Apr . 6 , 2017 , and is . The entirety of 
which is incorporated by reference herein . 

The method includes providing a substrate , forming or 
placing a first light - emitting diode element over the sub 
strate , wherein the first light - emitting diode element has a 
first light - emitting path . The method also includes forming 
a light - emitting angle changing layer over the first light 
emitting diode element , and placing a second light - emitting 
diode element over the substrate , wherein the second light 
emitting diode element is at a position other than the region 
corresponding to the first light - emitting path . The first 
light - emitting diode element has a first light - emitting angle , 
the second light - emitting diode element has a second light 
emitting angle , and the second light - emitting angle is greater 
than the first light - emitting angle . 
[ 0008 ] detailed description is given in the following 
embodiments with reference to the accompanying drawings . 

BACKGROUND 
Technical Field 

[ 0002 ] The disclosure relates to display devices , and in 
particular to display devices with light - emitting diode ele 
ments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Description of the Related Art 
[ 0003 ] As digital technology develops , display devices are 
becoming more widely used in our society . For example , 
display devices have been applied in modern information 
and communication devices such as televisions , notebook 
computers , desktop computers , mobile phones , and smart 
phones . In addition , each generation of display devices has 
been developed to be thinner , lighter , smaller , and more 
fashionable . The display devices include light - emitting 
diode display devices . 
[ 0004 ] The recombination radiation of electron and hole in 
a light - emitting diode may produce electromagnetic radia 
tion ( such as light ) through the current at the p - n junction . 
For example , in the forward bias p - n junction formed by 
direct band gap materials such as GaAs or Gan , the recom 
bination of electron and hole injected into the depletion 
region results in electromagnetic radiation such as light . The 
aforementioned electromagnetic radiation may lie in the 
visible region or the non - visible region . Materials with 
different band gaps may be used to form light - emitting 
diodes of different colors . 
10005 ] Since the light - emitting diode display devices are 
used widely today , any increase in the function of the 
light - emitting diode display device will result in huge eco 
nomic benefits . However , existing display devices have not 
been satisfactory in every respect . Therefore , light - emitting 
diode display devices which have more functions are still 
needed . 

0009 ] The disclosure may be more fully understood by 
reading the subsequent detailed description and examples 
with references made to the accompanying drawings , 
wherein : 
[ 0010 ) FIG . 1A is a cross - sectional view of a display 
device in accordance with some embodiments of the present 
disclosure ; 
[ 0011 ] FIG . 1B is an equivalent circuit diagram of a 
display device in accordance with some embodiments of the 
present disclosure ; 
[ 0012 ] FIG . 1C is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0013 ] FIG . 2A is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0014 ] FIG . 2B is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
100151 FIG . 2C is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0016 ] FIG . 3A is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0017 ] FIG . 3B is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0018 ] FIG . 4 is a cross - sectional view of a display device 
in accordance with some other embodiments of the present 
disclosure ; 
[ 0019 ] FIG . 5A is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0020 ] FIG . 5B is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0021 ] FIG . 6A is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0022 ] FIG . 6B is an equivalent circuit diagram of a 
display device in accordance with some other embodiments 
of the present disclosure ; 
[ 0023 ] FIG . 6C is an equivalent circuit diagram of a 
display device in accordance with some other embodiments 
of the present disclosure ; 

SUMMARY 
[ 0006 ] Some embodiments of the present disclosure pro 
vide a display device . The display device includes a sub 
strate , a first light - emitting diode element disposed over the 
substrate and having a first light - emitting path , a light 
emitting angle changing layer disposed over the first light 
emitting diode element , and a second light - emitting diode 
element disposed over the substrate and disposed at a 
position other than the region corresponding to the first 
light - emitting path , wherein the first light - emitting diode 
element has a first light - emitting angle , and the second 
light - emitting diode element has a second light - emitting 
angle , and the second light - emitting angle is greater than the 
first light - emitting angle . 
10007 ] Some embodiments of the present disclosure fur - 
ther provide a method of manufacturing a display device . 
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[ 0024 ] FIG . 7A is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; 
[ 0025 ] FIG . 7B is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure ; and 
[ 0026 ] FIG . 7C is a cross - sectional view of a display 
device in accordance with some other embodiments of the 
present disclosure . 

[ 0031 ] First , referring to FIG . 1A , FIG . 1A is a cross 
sectional view of a display device in accordance with some 
embodiments of the present disclosure . As shown in FIG . 
1A , a substrate 100 is provided . In some embodiments of the 
present disclosure , the substrate 100 may be a sapphire 
substrate . The subsequent light - emitting diode element may 
be directly formed over the sapphire substrate . In some other 
embodiments of the present disclosure , the substrate 100 
may be a flexible substrate , glass substrate , ceramic sub 
strate , plastic substrate , or any other suitable substrate . The 
subsequent light - emitting diode element may be firstly 
formed over another sapphire substrate , and then the resulted 
light - emitting diode element is placed over the substrate 
100 . 
[ 0032 ] Next , still referring to FIG . 1A , at least one first 
light - emitting diode element 102 is formed or placed over 
the substrate 100 . As described in preceding paragraph , 
when the substrate 100 is a sapphire substrate 100 , the 
light - emitting diode element 102 may be formed over the 
sapphire substrate 100 . While the substrate 100 is other 
substrates , the first light - emitting diode element 102 may be 
firstly formed over another sapphire substrate and then be 
placed over the substrate 100 . 
[ 0033 ] As shown in FIG . 1A , the first light - emitting diode 
element 102 includes a first semiconductor layer 104A 
disposed over substrate 100 . The first semiconductor layer 
104A has a first conductive type . The first semiconductor 
layer 104A may include doped or un - doped Gan , InN , AIN , 
In Ga ( 1 - x ) N , Al In , Ga ( 1 - x - yN , or the like , wherein 0sxsl , 
Osysl and Os ( x + y ) sl . The first semiconductor layer 104A 
may be a p - type semiconductor layer or an n - type semicon 
ductor layer , and may be formed by an epitaxial growth 
process such as molecular beam epitaxy ( MBE ) , metalor 
ganic chemical vapor deposition ( MOCVD ) , hydride vapor 
phase epitaxy ( HVPE ) , liquid phase epitaxy ( LPE ) or the 
like . 

DETAILED DESCRIPTION 
[ 0027 ] The display device and the method of manufactur 
ing the same of some embodiments of the present disclosure 
are described in detail in the following description . In the 
following detailed description , for purposes of explanation , 
numerous specific details and embodiments are set forth in 
order to provide a thorough understanding of the present 
disclosure . The specific elements and configurations 
described in the following detailed description are set forth 
in order to clearly describe the present disclosure . It will be 
apparent , however , that the exemplary embodiments set 
forth herein are used merely for the purpose of illustration , 
and the inventive concept may be embodied in various forms 
without being limited to those exemplary embodiments . In 
addition , the drawings of different embodiments may use 
like and / or corresponding numerals to denote like and / or 
corresponding elements in order to clearly describe the 
present disclosure . However , the use of like and / or corre 
sponding numerals in the drawings of different embodiments 
does not suggest any correlation between different embodi 
ments . In addition , in this specification , expressions such as 
“ first material layer disposed on / over a second material 
layer ” , may indicate the direct contact of the first material 
layer and the second material layer , or it may indicate a 
non - contact state with one or more intermediate layers 
between the first material layer and the second material 
layer . In the above situation , the first material layer may not 
be in direct contact with the second material layer . 
[ 0028 ] Unless defined otherwise , all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs . It should be appreciated that , in each 
case , the term , which is defined in a commonly used 
dictionary , should be interpreted as having a meaning that 
conforms to the relative skills of the present disclosure and 
the background or the context of the present disclosure , and 
should not be interpreted in an idealized or overly formal 
manner unless so defined . 
[ 0029 ] This description of the exemplary embodiments is 
intended to be read in connection with the accompanying 
drawings , which are to be considered part of the entire 
written description . The drawings are not drawn to scale . In 
addition , structures and devices are shown schematically in 
order to simplify the drawing . 
[ 0030 ] The some embodiments of the present disclosure 
give the display devices of the ability to switch between 
wide and narrow viewing angles by disposing two light 
emitting diode elements having different light - emitting 
angles in the display devices . In addition , the some embodi 
ments of the present disclosure further give the display 
devices of the ability to display 3D image by disposing the 
two light - emitting diode elements at two different layers 
respectively in the display device . 

[ 0034 ] Still referring to FIG . 1A , the first light - emitting 
diode element 102 further includes an active layer 106A 
disposed over the first semiconductor layer 104A . The active 
layer 106A may include homojunction , heterojunction , 
single - quantum well ( SQW ) , multiple - quantum well 
( MQW ) or the like . In an embodiment of the present 
disclosure , active layer 106A may include un - doped n - type 
In , Ga ( 1 - x ) N . In other embodiments of the present disclosure , 
the active layer 106 may include other commonly used 
materials such as Al , In , , Gal - x - „ N . In other embodiments of 
the present disclosure , active layer 106 may be an MQW 
structure which includes MQW layers ( such as InGaN ) and 
barrier layers ( such as GaN ) arranged alternately . Moreover , 
the method of forming the active layer 106A may include 
MOCVD , MBE , HVPE , LPE or any other suitable CVD 
process . In an embodiment of the present disclosure , the 
active layer 106A covers a portion of the first semiconductor 
layer 104A . 
[ 0035 ] Still referring to FIG . 1A , the first light - emitting 
diode element 102 further includes a second semiconductor 
layer 108A disposed over the active layer 106A . The second 
semiconductor layer 108 A has a second conductive type that 
is different from the first conductive type . The second 
semiconductor layer 108 A may include doped or un - doped 
GaN , InN , AIN , In , Ga ( 1 - x ) N , Al In , Ga ( 1 - x - y ) N , or the like , in 
which Osxsl , Osysl and Os ( x + y ) sl . The second semicon 
ductor layer 108A may be a p - type semiconductor layer or 
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an n - type semiconductor layer , and may be formed by an 
epitaxial growth process such as MBE , MOCVD , HVPE , 
LPE or the like . 
[ 0036 ] Still referring to FIG . 1A , the first light - emitting 
diode element 102 further includes a lower electrode 110A . 
The lower electrode 110A is electrically connected to the 
first semiconductor layer 104A . The lower electrode 110A 
may be disposed at any position where the lower electrode 
110A is electrically connected to the first semiconductor 
layer 104A . In some embodiments of the present disclosure , 
the lower electrode 110A is disposed over a portion of the 
first semiconductor layer 104A that is exposed from the 
active layer 106A and the second semiconductor layer 108A . 
In some embodiments of the present disclosure , the lower 
electrode 110 A is coupled ( or electrically connected ) to a 
first common voltage Vcom1 . In other words , the first 
semiconductor layer 104A of the first light - emitting diode 
element 102 is coupled to the first common voltage Vcom1 . 
This section will be described in detail in FIG . 1B . 
[ 0037 ] In some embodiments of the present disclosure , the 
lower electrode 110A may be a single layer or multiple 
layers of gold , chromium , nickel , platinum , titanium , alu 
minum , iridium , rhodium , a combination thereof , or any 
other metal material with good conductivity . The lower 
electrode 110A may be formed by deposition and patterning 
processes . The deposition process may include CVD , sput 
tering , resistive thermal evaporation , electron beam evapo 
ration , or any other suitable deposition methods . 
[ 0038 ] Next , still referring to FIG . 1A , an insulating layer 
112 is formed over the substrate 110 . The insulating layer 
112 surrounds the first light - emitting diode element 102 . In 
some embodiments of the present disclosure , the insulating 
layer 112 may be silicon dioxide , silicon nitride , silicon 
oxynitride , or any other suitable material . The insulating 
layer 112 may be formed by CVD or spin - on coating . The 
CVD is , for example , low - pressure chemical vapor deposi 
tion ( LPCVD ) , low - temperature chemical vapor deposition 
( LTCVD ) , rapid thermal chemical vapor deposition 
( RTCVD ) , plasma enhanced chemical vapor deposition 
( PECVD ) , atomic layer deposition ( ALD ) , or any other 
commonly used method . 
[ 0039 ] Next , still referring to FIG . 1A , an upper electrode 
114A of the first light - emitting diode element 102 is formed 
over the insulating layer 112 and the second semiconductor 
layer 108A . In other words , the first light - emitting diode 
element 102 further includes the upper electrode 114A . The 
upper electrode 114A is electrically connected to the second 
semiconductor layer 108A . The upper electrode 114A may 
be disposed at any position where the upper electrode 114A 
is electrically connected to the second semiconductor layer 
108A . 
[ 0040 ] In some embodiments of the present disclosure , the 
first light - emitting diode element 102 can emit light by 
applying a voltage to the lower electrode 110A and / or the 
upper electrode 114A of the first light - emitting diode ele 
ment 102 . In addition , as shown in FIG . 1A , the light being 
emitted from the first light - emitting diode element 102 has 
a first light - emitting path 116 . 
10041 ] Next , still referring to FIG . 1A , an insulating layer 
118 is formed over the insulating layer 112 , and the insu 
lating layer 118 covers the first light - emitting diode element 
102 . The insulating layer 118 may be silicon dioxide , silicon 
nitride , silicon oxynitride , or any other suitable material . The 

insulating layer 118 may be formed by CVD or spin - on 
coating as described previously . 
[ 0042 ] Next , still referring to FIG . 1A , a transistor 120 is 
formed over the insulating layer 118 . The transistor 120 is , 
for example , a thin film transistor . The transistor 120 
includes a gate electrode 120G disposed over the insulating 
layer 118 , a gate dielectric layer 122 disposed over the 
insulating layer 118 and covering the gate electrode 120G . 
The transistor 120 further includes a semiconductor layer 
124 disposed over the gate dielectric layer 122 , and a source 
electrode 120S and a drain electrode 120D disposed on two 
sides of the semiconductor layer 124 , respectively . The 
semiconductor layer 124 overlaps the gate electrode 120G , 
and the source electrode 120S and drain electrode 120D 
overlap portions of the two respective sides of the semicon 
ductor layer 124 . 
10043 ] . The gate electrode 120G may be amorphous sili 
con , polysilicon , one or more metals , metal nitride , conduc 
tive metal oxide , or a combination thereof . The metal may 
include , but is not limited to , molybdenum , tungsten , tita 
nium , tantalum , platinum , or hafnium . The metal nitride may 
include , but is not limited to , molybdenum nitride , tungsten 
nitride , titanium nitride or tantalum nitride . The conductive 
metal oxide may include , but is not limited to , ruthenium 
oxide or indium tin oxide . The gate electrode 120G may be 
formed by the previously described CVD , sputtering , resis 
tive thermal evaporation , electron beam evaporation , or any 
other suitable deposition method . 
[ 0044 ] The gate dielectric layer 122 may be silicon oxide , 
silicon nitride , silicon oxynitride , high - k dielectric material , 
any other suitable dielectric material , or a combination 
thereof . The high - k dielectric material may be metal oxide , 
metal nitride , metal silicide , transition metal oxide , transi 
tion metal nitride , transition metal silicide , metal oxynitride , 
metal aluminate , zirconium silicate , or zirconium aluminate . 
For example , the high - k dielectric material may be Lao , 
AIO , ZrO , TIO , Ta 05 , Y203 , SrTiO3 ( STO ) , BaTiO3 ( BTO ) , 
BaZro , HfO2 , HfO3 , HfZro , HfLaO , HfSIO , HfSION , 
LaSiO , AISIO , HfTao , HfSiO , HfTaTiO , HfAION , ( Ba , Sr ) 
TiO ( BST ) , A1 , 02 , any other suitable high - k dielectric 
material , or a combination thereof . The gate dielectric layer 
122 may be formed by CVD or spin - on coating as described 
previously . 
[ 0045 ] The semiconductor layer 124 may include an ele 
ment semiconductor which includes silicon and / or germa 
nium ; a compound semiconductor which includes gallium 
nitride ( GaN ) , silicon carbide , gallium arsenide , gallium 
phosphide , indium phosphide , indium arsenide and / or 
indium antimonide ; or an alloy semiconductor which 
includes SiGe alloy , GaAsP alloy , AlInAs alloy , AlGaAs 
alloy , GaInAs alloy , GaInP alloy and / or GaInAsP alloy , or a 
combination thereof . The semiconductor layer 124 may be 
formed by CVD as described previously . 
[ 0046 ] The materials of the source electrode 120S and the 
drain electrode 120D may include copper , aluminum , 
molybdenum , tungsten , gold , cobalt , nickel , platinum , tita 
nium , iridium , rhodium , an alloy thereof , a combination 
thereof , or any other metal material with good conductivity . 
In other embodiments of the present disclosure , the mate 
rials of the source electrode 120S and the drain electrode 
120D may be a non - metal materials as long as the non - metal 
material is conductive . The material of the source electrode 
120S and the drain electrode 120D may be formed by CVD , 
sputtering , resistive thermal evaporation , electron beam 
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evaporation , or any other suitable deposition method as 
described previously . In some embodiments of the present 
disclosure , the materials of the source electrode 120S and 
the drain electrode 120D may be the same , and may be 
formed by the same deposition steps . However , in other 
embodiments of the present disclosure , the source electrode 
120S and the drain electrode 120D may be formed by 
different deposition steps , and the materials of the source 
electrode 120S and the drain electrode 120D may be differ 
ent from each other . 
[ 0047 ] Next , still referring to FIG . 1A , an insulating layer 
126 is formed over the insulating layer 118 , and the insu 
lating layer 126 covers the transistor 120 and the gate 
dielectric layer 122 . The insulating layer 126 may be silicon 
dioxide , silicon nitride , silicon oxynitride , or any other 
suitable material . The insulating layer 126 may be formed by 
CVD or spin - on coating as described previously . 
[ 0048 ] Next , still referring to FIG . 1A , a light - emitting 
angle changing layer 128 is formed over the insulating layer 
126 . In some embodiments of the present disclosure , as 
shown in FIG . 1A , the light - emitting angle changing layer 
128 is a shielding layer 128 ( also referred to as a light 
shielding layer 128 ) for shielding light , and the shielding 
layer 128 is disposed over the first light - emitting diode 
element 102 . In an embodiment of the present disclosure , the 
shielding layer 128 may be a metal material , a resin material , 
or any other suitable light - shielding material . The metal 
material may include chromium , aluminum , molybdenum , 
copper , tungsten , gold , nickel , platinum , titanium , iridium , 
rhodium , an alloy thereof , a combination thereof , or any 
other metal material for shielding light . The metal material 
may be formed by CVD , sputtering , resistive thermal evapo 
ration , electron beam evaporation , or any other suitable 
method as described previously . The resin material is , for 
example , polyimide resin , epoxy resin , polyester resin , or 
any other suitable resin material . In some embodiments of 
the present disclosure , the resin material may be an insulat 
ing resin material . The resin material may be formed by the 
previously described CVD or spin - on coating . 
[ 0049 ] In addition , as shown in FIG . 1A , the shielding 
layer 128 has a first opening 130A , and the first opening 
130A is disposed aligning to the first light - emitting path 116 
of the first light - emitting diode element 102 . Since the first 
opening 130A of the shielding layer 128 is disposed aligning 
to the first light - emitting path 116 of the first light - emitting 
diode element 102 , the first opening 130A can be used to 
control the light - emitting angle of the light being emitted 
from the first light - emitting diode element 102 . Therefore , 
the light being emitted from the first light - emitting diode 
element 102 has a first light - emitting angle 01 , as shown in 
FIG . 1A . 
0050 ] In addition , as shown in FIG . 1A , in some embodi 

ments of the present disclosure , the shielding layer 128 may 
have another opening 132 , and the opening 132 is disposed 
aligning to a subsequent formed via 140 . In some embodi 
ments of the present disclosure , the first opening 130A and 
the opening 132 may be formed by performing a photoli 
thography process and the etching process on the shielding 
layer 128 . 
[ 0051 ] Next , still referring to FIG . 1A , at least one second 
light - emitting diode element 134 is placed over the shielding 
layer 128 . In some embodiments of the present disclosure , 
the second light - emitting diode element 134 may be firstly nitting diode element 134 may be firstly 

formed over another sapphire substrate , and then the second 
light - emitting diode element 134 is placed over the shielding 
layer 128 . 
[ 0052 ] It should be appreciated that , although the terms 
first , second etc . may be used herein to describe various 
elements , components , regions , layers , and / or portions , 
these elements , components , regions , layers , portions and / or 
sections should not be limited by these terms . These terms 
are only used to distinguish different elements , components , 
regions , layers , and / or portions . Thus , a first element , com 
ponent , region , layer , and / or portion discussed below could 
be termed a second element , component , region , layer , 
portion or section without departing from the teachings of 
some embodiments of the present disclosure . 
[ 0053 ] In addition , as shown in FIG . 1A , the second 
light - emitting diode element 134 is disposed over the sub 
strate 100 , and is located at a position other than the region 
corresponding to the first opening 130A of the shielding 
layer 128 . Alternatively , the second light - emitting diode 
element 134 is located at a position other than the region 
corresponding to the first light - emitting path 116 of the first 
light - emitting diode element 102 . In addition , as shown in 
FIG . 1A , the second light - emitting diode element 134 
includes a first semiconductor layer 104B , an active layer 
106B , a second semiconductor layer 108B , a lower electrode 
110B and an upper electrode 114B which is formed in the 
subsequent steps . Since all of the structure , material of each 
layer and the fabricating method of the second light - emitting 
diode element 134 are the same as or similar to those of the 
first light - emitting diode element 102 mentioned above , this 
section will not be repeated . 
[ 0054 ] In addition , in some embodiments of the present 
disclosure , the lower electrode 110B of the second light 
emitting diode element 134 is coupled ( or electrically con 
nected ) to a second common voltage Vcom2 . In other words , 
the first semiconductor layer 104B of the second light 
emitting diode element 134 is coupled to the second com 
mon voltage Vcom 2 . This section will be described in detail 
in FIG . 1B . 
[ 0055 ] As shown in FIG . 1A , in some embodiments of 
present disclosure , the second light - emitting diode element 
134 can emit light by applying a voltage to the lower 
electrode 110B and / or the upper electrode 114B of the 
second light - emitting diode element 134 . In addition , as 
shown in FIG . 1A , the light being emitted from the second 
light - emitting diode element 134 has a second light - emitting 
path 136 . In addition , the light being emitted from the 
second light - emitting diode element 134 has a second light 
emitting angle 02 , and the second light - emitting angle 02 is 
greater than the first light - emitting angle 01 of the first 
light - emitting diode element 102 . 
10056 ] In some embodiments of the present disclosure , the 
second light - emitting angle 02 of the second light - emitting 
diode element 134 is between about 160° and about 180° , 
such as between about 170° and about 178° . The first 
light - emitting angle 01 of the first light - emitting diode 
element 102 is between about 30° and about 90° , such as 
between about 45° and about 60° . However , it should be 
note that the first light - emitting angle 01 and the second 
light - emitting angle 82 of the present disclosure are not 
limited to the aforementioned ranges . In some other embodi 
ments of the present disclosure , the first light - emitting angle 
01 and the second light - emitting angle 02 may be any other 
suitable light - emitting angle . 
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[ 0057 ] The terms “ about ” and “ substantially ” typically 
mean + / - 20 % of the stated value , such as + / - 10 % of the 
stated value , and such as + / - 5 % , or + / - 3 % , or + / - 2 % , or 
+ / - 1 % , or + / - 0 . 5 % of the stated value . The stated value of 
the present disclosure is an approximate value . When there 
is no specific description , the stated value includes the 
meaning of “ about ” or “ substantially ” . 
10058 ] Referring to FIG . 1A , the embodiments of the 
present disclosure give the display devices of the present 
disclosure the ability of switching between wide and narrow 
viewing angles by disposing two light - emitting diode ele 
ments having different light - emitting angles in display 
devices , and thereby the embodiments of the present dis 
closure can significantly increase the number of applications 
of the display devices . 
[ 0059 ] For example , in some embodiments of the present 
disclosure , when the display device is in a narrow viewing 
angle mode , the first light - emitting diode element and the 
second light - emitting diode element in the display device 
may be controlled to make the first light - emitting diode 
element with a smaller light - emitting angle emit light , and 
the second light - emitting diode element with a larger light 
emitting angle does not emit light , thereby narrowing the 
viewing angle of the display device . 
[ 0060 ] In addition , when the display device is in a wide 
viewing angle mode , the first light - emitting diode element 
and the second light - emitting diode element in the display 
device may be controlled to make the second light - emitting 
diode element with a larger light - emitting angle emit light , 
and the first light - emitting diode element with a smaller 
light - emitting angle does not emit light , thereby increasing 
the viewing angle of the display device . 
[ 0061 ] Alternatively , in some embodiments of the present 
disclosure , when the display device is in a wide viewing 
angle mode , the first light - emitting diode element and the 
second light - emitting diode element in the display device 
may be controlled to make both the first light - emitting diode 
element and the second light - emitting diode element emit 
light , thereby increasing the light - emitting brightness of the 
display device in the wide viewing angle mode . 
[ 0062 ] In addition , as shown in FIG . 1A , in some embodi 
ments of the present disclosure , the first light - emitting diode 
element is disposed over the substrate , and the second 
light - emitting diode element is disposed over the upper 
insulating layer ( or disposed over the shielding layer ) . 
Therefore , the two light - emitting diode elements are dis 
posed at two different layers . The embodiments of the 
present disclosure make the display device further have 
function of displaying 3D image by disposing the two 
light - emitting diode elements at two different layers respec 
tively in the display device . Therefore , the embodiments of 
the present disclosure can further increase the applicability 
of the display device . 
[ 0063 ] Next , still referring to FIG . 1A , an insulating layer 
138 is formed over the insulating layer 126 and the shielding 
layer 128 , and the insulating layer 138 surrounds the second 
light - emitting diode element 134 . In some embodiments of 
the present disclosure , the insulating layer 138 may be 
silicon dioxide , silicon nitride , silicon oxynitride , or any 
other suitable material . The insulating layer 138 may be 
formed by CVD or spin - on coating as described previously . 
[ 0064 ] Next , still referring to FIG . 1A , a via 140 is formed . 
The via 140 penetrates through the insulating layer 138 , 
insulating layer 126 , gate dielectric layer 122 and the 

insulating layer 118 , and is connected to the upper electrode 
114A of the first light - emitting diode element 102 and the 
drain electrode 120D of the transistor 120 . In addition , the 
via 140 penetrates through the opening 132 of the shielding 
layer 128 and is not in contact with the shielding layer 128 . 
In some embodiments of the present disclosure , the material 
of the via 140 includes copper , aluminum , molybdenum , 
tungsten , gold , chromium , nickel , platinum , titanium , 
iridium , rhodium , an alloy thereof , a combination thereof , or 
any other metal material with good conductivity . 
[ 0065 ] Next , still referring to FIG . 1A , an upper electrode 
114B of the second light - emitting diode element 134 is 
formed over the insulating layer 138 and the second semi 
conductor layer 108B . The upper electrode 114B is electri 
cally connected to the second semiconductor layer 108B , 
and the upper electrode 114B may be disposed at any 
position where the upper electrode 114B is electrically 
connected to the second semiconductor layer 108B . In 
addition , the upper electrode 114B is also electrically con 
nected to the via 140 . Therefore , as shown in FIG . 1A , the 
drain electrode 120D of the transistor 120 is electrically 
connected to the upper electrode 114B ( or the second 
semiconductor layer 108B ) of the second light - emitting 
diode element 134 and the upper electrode 114A ( or the 
second semiconductor layer 108A ) of the first light - emitting 
diode element 102 through the via 140 . 
[ 0066 ] In some embodiments of the present disclosure , the 
material of the upper electrode 114B includes copper , alu 
minum , molybdenum , tungsten , gold , chromium , nickel , 
platinum , titanium , iridium , rhodium , an alloy thereof , a 
combination thereof , or any other metal material with good 
conductivity . 

100671 In some embodiments of the present disclosure , the 
via 140 and the upper electrode 114B may be formed in the 
following steps . First , an opening ( not shown ) is formed by 
a photolithography process and the etching process . The 
opening penetrates through the insulating layer 138 , the 
insulating layer 126 , the gate dielectric layer 122 and the 
insulating layer 118 , and exposes the upper electrode 114A 
of the first light - emitting diode element 102 and the drain 
electrode 120D of the transistor 120 . In addition , the open 
ing penetrates through the opening 132 of the shielding layer 
128 , and is not in contact with the shielding layer 128 . 
[ 0068 ] Next , a deposition process is performed to form a 
metal layer ( not shown ) . The metal layer covers the insu 
lating layer 138 and the second semiconductor layer 108B of 
the second light - emitting diode element 134 , and the metal 
layer fills into the aforementioned opening . The material of 
the metal layer includes copper , aluminum , molybdenum , 
tungsten , gold , chromium , nickel , platinum , titanium , 
iridium , rhodium , an alloy thereof , a combination thereof , or 
any other metal material with good conductivity . The depo 
sition process may include the previously described CVD , 
sputtering , resistive thermal evaporation , electron beam 
evaporation , or any other suitable deposition method . 
[ 0069 ] Next , a photolithography process and an etching 
process are performed to remove a portion of the metal layer 
over the insulating layer 138 and the second semiconductor 
layer 108B . The portion of the metal layer remained on the 
insulating layer 138 and the second semiconductor layer 
108B is formed as the upper electrode 114B , and the portion 
of the metal layer that remains in the opening is formed as 
the via 140 . Therefore , in some embodiments of the present 
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disclosure , the materials of the via 140 and the upper 
electrode 114B may be the same and may be formed in the 
same deposition step . 
10070 ] However , the embodiments of the present disclo 
sure are not limited to this . In other embodiments , the via 
140 and the upper electrode 114B may be formed by 
different deposition processes , and the materials of the via 
140 and the upper electrode 114B may be different from 
each other . 
[ 0071 ] Next , still referring to FIG . 1A , an insulating layer 
142 is formed over the insulating layer 138 to form the 
display device 1000A . The insulating layer 142 covers the 
second light - emitting diode element 134 . The insulating 
layer 142 may be silicon dioxide , silicon nitride , silicon 
oxynitride , or any other suitable material . The insulating 
layer 142 may be formed by CVD or spin - on coating as 
described previously . 
[ 0072 ] Referring to FIG . 1A , the embodiments of the 
present disclosure provide a display device 1000A . The 
display device 1000A includes a substrate 100 , at least one 
first light - emitting diode element 102 disposed over the 
substrate 100 , and an insulating layer 112 disposed over the 
substrate 100 and surrounding the first light - emitting diode 
element 102 . The display device 1000A further includes an 
insulating layer 118 disposed over the insulating layer 112 , 
a transistor 120 disposed over the insulating layer 118 , an 
insulating layer 126 disposed over the insulating layer 118 
and covering the transistor 120 and the gate dielectric layer 
122 , and a shielding layer 128 disposed over the insulating 
layer 126 . 
[ 0073 ] The display device 1000A further includes at least 
one second light - emitting diode element 134 disposed over 
the shielding layer 128 . The second light - emitting diode 
element 134 is disposed at a position other than the region 
corresponding to the first opening 130A of the shielding 
layer 128 . The display device 1000A further includes an 
insulating layer 138 disposed over the insulating layer 126 
and the shielding layer 128 and surrounding the second 
light - emitting diode element 134 , and an insulating layer 
142 disposed over the insulating layer 138 and covering the 
second light - emitting diode element 134 . 
[ 0074 ] In some embodiments of the present disclosure , 
relative terms such as “ lower ” , “ upper ” , “ horizontal ” , “ ver 
tical ” , “ below ” , “ above ” , “ top " , " bottom ” , etc . should be 
construed to refer to the orientation as described in the 
paragraph or as shown in the drawing . These relative terms 
are for convenience of description and do not require that the 
apparatus be constructed or operated in a particular orien 
tation . Terms concerning attachments , coupling and the like , 
such as “ connected ” and “ interconnected , " refer to a rela 
tionship wherein structures are secured or attached to one 
another either directly or indirectly through intervening 
structures , as well as both movable or rigid attachments or 
relationships , unless expressly described otherwise . 
[ 0075 ] As shown in FIG . 1A , the drain electrode 120D of 
the transistor 120 is coupled to the upper electrode 114A ( or 
the second semiconductor layer 108A ) of the first light 
emitting diode element 102 and the upper electrode 114B ( or 
the second semiconductor layer 108B ) of the second light 
emitting diode element 134 through the via 140 . In addition , 
in some embodiments of the present disclosure , the lower 
electrode 110A ( or the first semiconductor layer 104A ) of 
the first light - emitting diode element 102 is coupled to the 
first common voltage Vcom1 . The lower electrode 110B ( or 

the first semiconductor layer 104B ) of the second light 
emitting diode element 134 is coupled to the second com 
mon voltage Vcom2 . 
10076 ] FIG . 1B is an equivalent circuit diagram of the 
display device 1000A in accordance with some embodi 
ments of the present disclosure . As shown in FIG . 1B , the 
display device 1000A includes at least one gate line 144G 
and at least one data line 144D . The gate line 144G and the 
data line 144D are disposed over the substrate 100 ( not 
shown in FIG . 1B ) . The gate electrode 120G of the transistor 
120 is coupled to the gate line 144G , and the source 
electrode 120S of the transistor 120 is coupled to the data 
line 144D . In addition , the drain electrode 120D of the 
transistor 120 is coupled to one end of the first light - emitting 
diode element 102 and one end of the second light - emitting 
diode element 134 at the same time . The end of the first 
light - emitting diode element 102 is , for example , the upper 
electrode 114A or the second semiconductor layer 108A of 
the first light - emitting diode element 102 , and the end of the 
second light - emitting diode element 134 is , for example , the 
upper electrode 114B or the second semiconductor layer 
108B of the second light - emitting diode element 134 . 
[ 0077 ] In addition , another end ( such as the lower elec 
trode 110A or the first semiconductor layer 104A ) of the first 
light - emitting diode element 102 is coupled to the first 
common voltage Vcom1 , and another end ( such as the lower 
electrode 110B or the first semiconductor layer 104B ) of the 
second light - emitting diode element 134 is coupled to the 
second common voltage Vcom2 . 
[ 0078 ] In some embodiments of the present disclosure , the 
first light - emitting diode element 102 and the second light 
emitting diode element 134 can be independently controlled 
to emit light or not by controlling the first common voltage 
Vcoml and the second common voltage Vcom2 . 
100791 . It should be noted that the exemplary embodiment 
set forth in FIG . 1A is merely for the purpose of illustration , 
and the scope of the embodiments of the present disclosure 
is not limited to this . In addition to the embodiments set forth 
in FIG . 1A , the display devices of some embodiments of the 
present disclosure have other configurations , for example as 
shown in FIG . 1C . This will be described in detail in the 
following description . Therefore , the scope of the present 
disclosure is not limited to the exemplary embodiments 
shown in FIG . 1A . 
10080 ] It should be noted that the subsequently described 
elements or layers that are the same as or similar to those 
previously described will be denoted by the same or similar 
reference numerals , and the materials , fabricating methods 
and functions of the subsequently described elements or 
layers are the same as or similar to those previously 
described , and therefore , those will not be repeated in the 
following description . 
[ 0081 ] In addition , the materials , fabricating methods and 
functions of the subsequently described substrates , insulat 
ing layers , vias and shielding layers are the same as or 
similar to those previously described , and the structure , 
materials of each layer , fabricating methods and functions of 
the subsequently described light - emitting diode elements 
and transistors are the same as or similar to those previously 
described . Therefore , those will not be repeated in the 
following description . 
[ 0082 ] FIG . 1C is a cross - sectional view of a display 
device 1000C in accordance with some other embodiments 
of the present disclosure . As shown in FIG . 1C , the display 
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device 1000C includes a substrate 100 , at least one first 
light - emitting diode element 102 disposed over the substrate 
100 , and an insulating layer 146 disposed over the substrate 
100 and covering the first light - emitting diode element 102 . 
The display device 1000C further includes a transistor 120 
disposed over the insulating layer 146 , an insulating layer 
148 disposed over the insulating layer 146 and covering the 
transistor 120 and a gate dielectric layer 122 , and a shielding 
layer 128 disposed over the insulating layer 148 . 
[ 0083 ] The display device 1000C further includes a via 
150 penetrating through the shielding layer 128 , the insu 
lating layer 148 , the gate dielectric 122 , and insulating layer 
146 . The via 150 is connected to a first semiconductor layer 
140A of the first light - emitting diode element 102 and a 
drain electrode 120D of the transistor 120 . The display 
device 1000C further includes at least one second light 
emitting diode element 134 disposed over the shielding layer 
128 . The second light - emitting diode element 134 is dis 
posed at a position other than the region corresponding to a 
first opening 130A of the shielding layer 128 . The display 
device 1000C further includes an insulating layer 152 dis 
posed over the insulating layer 148 and the shielding layer 
128 and covering the second light - emitting diode element 
134 . 
[ 0084 ] In some embodiments of the present disclosure , in 
shown in FIG . 1C , a lower electrode 110B of the second 
light - emitting diode element 134 further extends to the 
sidewall of the first semiconductor layer 104B and is elec 
trically connected to the via 150 . The drain electrode 120D 
of the transistor 120 is coupled to the first semiconductor 
layer 104A of the first light - emitting diode element 102 and 
the lower electrode 110B ( or the first semiconductor layer 
104B ) of the second light - emitting diode element 134 . 
[ 0085 ] In addition , in some embodiments of the present 
disclosure , an upper electrode 114A ( or a second semicon 
ductor layer 108A ) of the first light - emitting diode element 
102 is coupled to a first common voltage Vcom1 . An upper 
electrode 114B ( or a second semiconductor layer 108B ) of 
the second light - emitting diode element 134 is coupled to a 
second common voltage Vcom2 . 
[ 0086 ] In addition , as shown in FIG . 1C , the lower elec 
trode ( such as the lower electrode 110A as shown in FIG . 
1A ) of the first light - emitting diode element 102 may not be 
formed independently . In this embodiment , the via 150 as 
shown in FIG . 1C may also be regarded as the lower 
electrode of the first light - emitting diode element 102 . 
[ 0087 However , the embodiments of the present disclo - 
sure are not limited to this . In some other embodiments of 
the present disclosure , the lower electrode ( such as the lower 
electrode 110A as shown in FIG . 1A ) of the first light 
emitting diode element 102 may be formed independently in 
the display device 1000C . 
[ 0088 ] In addition , as shown in FIG . 1C , the shielding 
layer 128 may be in direct contact with the via 150 in the 
display device 1000C . In some embodiments of the present 
disclosure , if the material of the shielding layer 128 is a 
metal material , then the shielding layer 128 is electrically 
connected to the via 150 . 
[ 0089 ] It should be noted that the exemplary embodiments 
set forth in FIGS . 1A - 1C are merely for the purpose of 
illustration , and the scope of the embodiments of the present 
disclosure is not limited to this . In addition to the embodi 
ments set forth in FIGS . 1A - 1C , the display devices of the 
present disclosure have other configurations as shown in 

FIGS . 2A - 2C . This will be described in detail in the fol 
lowing description . Therefore , the scope of the present 
disclosure is not limited to the exemplary embodiments 
shown in FIGS . 1A - 1C . 
[ 0090 ] FIG . 2A is a cross - sectional view of a display 
device 2000A in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 1A and 2A is that the lower 
electrode 110B of the second light - emitting diode element 
134 of FIG . 2A further extends to the sidewall of the first 
semiconductor layer 104B and is in contact with the shield 
ing layer 128 . In some embodiments of the present disclo 
sure , if the material of the shielding layer 128 is a metal 
material , then the lower electrode 110B of the second 
light - emitting diode element 134 is electrically connected to 
the shielding layer 128 . In other words , the lower electrode 
110B and the shielding layer 128 are both coupled to the 
second common voltage Vcom2 . 
10091 ] FIG . 2B is a cross - sectional view of a display 
device 2000B in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 2B and 1C is that the display 
device 2000B includes an insulating layer 154 disposed over 
the insulating layer 148 and the shielding layer 128 . The 
second light - emitting diode element 134 is disposed over the 
insulating layer 154 and is not in contact with the shielding 
layer 128 . Next , the display device 2000B further includes 
an insulating layer 156 disposed over the insulating layer 
154 and surrounding the second light - emitting diode ele 
ment 134 , and an insulating layer 158 disposed over the 
insulating 156 and covering the second light - emitting diode 
element 134 . In addition , the display device 2000B further 
includes a via 160 penetrating through the insulating layer 
156 and the insulating layer 154 . The via 160 is connected 
to an upper electrode 114B of the second light - emitting 
diode element 134 and the shielding layer 128 . In addition , 
the shielding layer 128 is not in contact with the via 150 . 
[ 0092 ] In some embodiments of the present disclosure , if 
the material of the shielding layer 128 is a metal material , 
then the upper electrode 114B of the second light - emitting 
diode element 134 is electrically connected to the shielding 
layer 128 . In other words , the upper electrode 114B and the 
shielding layer 128 are both coupled to the second common 
voltage Vcom2 . 
10093 ] FIG . 2C is a cross - sectional view of a display 
device 2000C in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 2C and 2A is that the shield 
ing layer 128 of FIG . 2C is disposed under the transistor 120 
instead of over the transistor 120 . 
[ 0094 ] In detail , the display device 2000C further includes 
an insulating layer 162 between the transistor 120 and the 
insulating layer 118 , and the shielding layer 128 is disposed 
between the insulating layer 162 and the insulating layer 
118 . In other words , the shielding layer 128 is disposed over 
insulating layer 118 and is covered by the insulating layer 
162 . 
[ 0095 ] In addition , the display device 2000C further 
includes a via 164 penetrating through the insulating layer 
126 , the gate dielectric layer 122 , and the insulating layer 
162 . The via 164 is connected to the shielding layer 128 . In 
addition , the shielding layer 128 is not in contact with the 
source electrode 120S of the transistor 120 . In some embodi 
ments of the present disclosure , if the material of the 
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shielding layer 128 is a metal material , then the lower 
electrode 110B of the second light - emitting diode element 
134 is electrically connected to the shielding layer 128 
through the via 164 . In other words , the lower electrode 
110B and the shielding layer 128 are both coupled to the 
second common voltage Vcom2 . 
[ 0096 ] It should be noted that the exemplary embodiments 
set forth in FIGS . 1A - 2C are merely for the purpose of 
illustration , and the scope of the embodiments of the present 
disclosure is not limited to this . In addition to the embodi 
ments set forth in FIGS . 1A - 2C , the display devices of the 
present disclosure have other configurations as shown in 
FIGS . 3A - 3B . This will be described in detail in the fol 
lowing description . Therefore , the scope of the present 
disclosure is not limited to the exemplary embodiments 
shown in FIGS . 1A - 2C . 
[ 0097 ] FIG . 3A is a cross - sectional view of a display 
device 3000A in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 3A and 1A is that the display 
device 3000A includes an insulating layer 166 disposed over 
the insulating layer 126 and the shielding layer 128 . The 
second light - emitting diode element 134 is disposed over the 
insulating layer 166 and is not in contact with the shielding 
layer 128 . In addition , the shielding layer 128 is in direct 
contact with the via 140 . In some embodiments of the 
present disclosure , if the material of the shielding layer 128 
is a metal material , then the shielding layer 128 is electri 
cally connected to the drain electrode 120D of the transistor 
120 through the via 140 . 
[ 0098 ] FIG . 3B is a cross - sectional view of a display 
device 3000B in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 3B and 1A is that the shield 
ing layer 128 of FIG . 3B is disposed below the transistor 120 
instead of over the transistor 120 . 
[ 0099 ] In detail , the display device 3000B further includes 
an insulating layer 168 disposed between the transistor 120 
and the insulating layer 118 , and the shielding layer 128 is 
disposed between the insulating layer 168 and the insulating 
layer 118 . In other words , the shielding layer 128 is disposed 
over the insulating layer 118 and is covered by the insulating 
layer 168 . In addition , the shielding layer 128 is in direct 
contact with the via 140 . In some embodiments of the 
present disclosure , if the material of the shielding layer 128 
is a metal material , then the shielding layer 128 is electri 
cally connected to the drain electrode 120D of the transistor 
120 through the via 140 . 
[ 0100 ] It should be noted that the exemplary embodiments 
set forth in FIGS . 1A - 3B are merely for the purpose of 
illustration , and the scope of the embodiments of the present 
disclosure is not limited to this . In addition to the embodi 
ments set forth in FIGS . 1A - 3B , the display devices of the 
present disclosure have other configurations as shown in 
FIG . 4 . This will be described in detail in the following 
description . Therefore , the scope of the present disclosure is 
not limited to the exemplary embodiments shown in FIGS . 
1A - 3B . 
10101 ] FIG . 4 is a cross - sectional view of a display device 
4000 in accordance with some other embodiments of the 
present disclosure . The difference between the embodiments 
shown in FIGS . 4 and 1A - 3B is that the first light - emitting 
diode element 102 and the second light - emitting diode 
element 134 of FIG . 4 are disposed on the same layer instead 

of disposed on two different layers respectively . In detail , the 
display device 4000 includes a substrate 100 , a transistor 
120 disposed over the substrate 100 , an insulating layer 402 
disposed over the substrate 100 and covering the transistor 
120 and the gate dielectric layer 122 . The display device 
4000 further includes a first light - emitting diode element 
102 and a second light - emitting diode element 134 disposed 
over the insulating layer 402 , and an insulating layer 404 
disposed over the insulating layer 402 and surrounding the 
first light - emitting diode element 102 and the second light 
emitting diode element 134 . 
[ 0102 ] As shown in FIG . 4 , the display device 4000 
further includes a via 406 penetrating through the insulating 
layer 404 and the insulating layer 402 . The via 406 is 
electrically connected to the second semiconductor layer 
108A of the first light - emitting diode element 102 and the 
second semiconductor layer 108B of the second light 
emitting diode element 134 through an electrode 408 . As 
shown in FIG . 4 , the electrode 408 may be used as an upper 
electrode of the first light - emitting diode element 102 and an 
upper electrode of the second light - emitting diode element 
134 at the same time . 
[ 0103 ] In addition , as shown in FIG . 4 , in some embodi 
ments of the present disclosure , a light - shielding element 
410 may be formed over the second semiconductor layer 
108A of the first light - emitting diode element 102 . The 
light - shielding element 410 is used to control the light 
emitting angle of the first light - emitting diode element 102 . 
[ 0104 ] In some embodiments of the present disclosure , the 
material of the light - shielding element 410 is metal and may 
be a portion of the electrode 408 . In this embodiment , the 
light - shielding element 410 is connected to the electrode 408 
in a top view . However , the present disclosure is not limited 
to this . In some other embodiments of the present disclosure , 
the light - shielding element 410 and the electrode 408 are 
independently separate metal patterns . In these embodi 
ments , the light - shielding element 410 may not be in contact 
with the electrode 408 . 
[ 0105 ] Next , still referring to FIG . 4 , the display device 
4000 further includes an insulating layer 412 disposed over 
the insulating layer 404 and covering the first light - emitting 
diode element 102 and the second light - emitting diode 
element 134 , and a shielding layer 128 disposed over the 
insulating layer 412 . 
[ 0106 ] As shown in FIG . 4 , the shielding layer 128 has a 
second opening 130B . The second opening 130B is disposed 
aligning to a second light - emitting path 136 of the second 
light - emitting diode element 134 . Since the second opening 
130B of the shielding layer 128 is disposed aligning to the 
second light - emitting path 136 of the second light - emitting 
diode element 134 , the second opening 130B may be used 
to control a second light - emitting angle 82 of the light being 
emitted from the second light - emitting diode element 134 . 
Next , still referring to FIG . 4 , the display device 4000 
further includes an insulating layer 414 disposed over the 
insulating layer 412 and covering the shielding layer 128 . 
[ 0107 ] It should be noted that the exemplary embodiment 
set forth in FIG . 4 is merely for the purpose of illustration , 
and the scope of the embodiments of the present disclosure 
is not limited to this . In addition to the embodiment set forth 
in FIG . 4 , the display devices of the present disclosure have 
other configurations as shown in FIGS . 5A - 5B . This will be 
described in detail in the following description . Therefore , 
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the scope of the present disclosure is not limited to the 
exemplary embodiment shown in FIG . 4 . 
[ 0108 ] FIG . 5A is a cross - sectional view of a display 
device 5000A in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 5 and 4 is that the transistor 
120 of FIG . 5A is disposed above the first light - emitting 
diode element 102 and the second light - emitting diode 
element 134 instead of below the first light - emitting diode 
element 102 and the second light - emitting diode element 
134 . 
10109 ] . In detail , as shown in FIG . 5 , the display device 
5000A includes a first light - emitting diode element 102 and 
a second light - emitting diode element 134 disposed over the 
substrate 100 , and an insulating layer 502 disposed over the 
substrate 100 and surrounding the first light - emitting diode 
element 102 and the second light - emitting diode element 
134 . The display device 5000A further includes an insulating 
layer 504 disposed over the insulating layer 502 , and a 
shielding layer disposed over the insulating layer 504 . 
[ 0110 ] The display device 5000A further includes a via 
506 penetrating through the insulating layer 504 and the 
insulating layer 502 . The via 506 is connected to the first 
semiconductor layer 104B of the second light - emitting diode 
element 134 and the shielding layer 128 . In some embodi 
ments of the present disclosure , if the material of the 
shielding layer 128 is a metal material , then the shielding 
layer 128 is electrically connected to the first semiconductor 
layer 104B of the second light - emitting diode element 134 
through the via 506 . In some embodiments of the present 
disclosure , the first semiconductor layer 104B of the second 
light - emitting diode element 134 , the via 506 , and the 
shielding layer 128 are all coupled to the second common 
voltage Vcom2 . 
[ 0111 ] In addition , as shown in FIG . 5A , a lower electrode 
( such as the lower electrode 110B as shown in FIG . 1A ) of 
the second light - emitting diode element 134 may be not 
formed independently . In this embodiment , via 506 as 
shown in FIG . 5A may also be regarded as the lower 
electrode of the second light - emitting diode element 134 . 
[ 0112 ] . Next , still referring to FIG . 5A , the display device 
5000A further includes an insulating layer 508 disposed over 
the insulating layer 504 and covering the shielding layer 
128 , and a transistor 120 disposed over the insulating layer 
508 . The drain electrode 120D of the transistor 120 is 
electrically connected to the second semiconductor layer 
108A of the first light - emitting diode element 102 and the 
second semiconductor layer 108B of the second light 
emitting diode element 134 through another via 510 and an 
electrode 408 . As shown in FIG . 4 , the electrode 408 may be 
used as the upper electrode of the first light - emitting diode 
element 102 and an upper electrode of the second light 
emitting diode element 134 . Still referring to FIG . 5A , the 
display device 5000A further includes an insulating layer 
512 disposed over the insulating layer 508 and covering the 
transistor 120 . 
[ 0113 ] FIG . 5B is a cross - sectional view of a display 
device 5000B in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 5B and 5A is that the display 
device 5000B includes a lower electrode 110B of the second 
light - emitting diode element 134 , which is independently 
formed , and the lower electrode 110B is not in contact with 
the shielding layer 128 . 

[ 0114 ] It should be noted that the exemplary embodiments 
set forth in FIGS . 1A - 5B are merely for the purpose of 
illustration , and the scope of the embodiments of the present 
disclosure is not limited to this . In addition to the embodi 
ments set forth in FIGS . 1A - 5B , the display devices of the 
present disclosure have other configurations as shown in 
FIG . 6A . This will be described in detail in the following 
description . Therefore , the scope of the present disclosure is 
not limited to the exemplary embodiments shown in FIGS . 
1A - 5B . 
[ 0115 ] FIG . 6A is a cross - sectional view of a display 
device 6000A in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 6A and 1A - 5B is that the 
lower electrode 110A of the first light - emitting diode ele 
ment 102 and the lower electrode 110B of the second 
light - emitting diode element 134 of FIG . 6A are both 
connected to the same common voltage Vcom3 . The upper 
electrode 114A of the first light - emitting diode element 102 
is coupled to the first drain electrode 120AD of the first 
transistor 120A , and the upper electrode 114B of the second 
light - emitting diode element 134 is coupled to the second 
drain electrode 120BD of the second transistor 120B . 
[ 0116 ] In detail , the display device 6000A includes a 
substrate 100 , a first light - emitting diode element 102 dis 
posed over the substrate 100 , and an insulating layer 602 
disposed over the substrate 100 and covering the first 
light - emitting diode element 102 . The display device 6000A 
further includes a first transistor 120A and a second tran 
sistor 120B disposed over the insulating layer 602 . 
[ 0117 ] The first transistor 120A includes a first gate elec 
trode 120AG , a first semiconductor layer 124A , a first 
source electrode 120AS , and a first drain electrode 120AD . 
The first drain electrode 120AD of the first transistor 120A 
is electrically connected to the upper electrode 114A ( or the 
second semiconductor layer 108A ) of the first light - emitting 
diode element 102 through a via 604 . 
[ 0118 ] In addition , as shown in FIG . 6A , the second 
transistor 120B includes a second gate electrode 120BG , a 
second semiconductor layer 124B , a second source electrode 
120BS , and a second drain electrode 120BD . 
[ 0119 ] Still referring FIG . 6A , the display device 6000A 
further includes an insulating layer 606 disposed over the 
insulating layer 602 and covering the first transistor 120A 
and the second transistor 120B , and a shielding layer 128 
disposed over the insulating layer 606 . The display device 
6000A further includes a second light - emitting diode ele 
ment 134 disposed the shielding layer 128 , and an upper 
electrode 114B of the second light - emitting diode element 
134 is electrically connected to the second drain electrode 
120BD of the second transistor 120B through the via 608 . 
[ 0120 ] Still referring to FIG . 6A , the display device 6000A 
further includes an insulating layer 610 disposed over the 
insulating layer 606 and the shielding layer 128 and sur 
rounding the second light - emitting diode element 134 , and 
an insulating layer 612 disposed over the insulating layer 
610 and covering the second light - emitting diode element 
134 . 
[ 0121 ] As shown in FIG . 6A , in some embodiment of the 
present disclosure , the first light - emitting diode element 102 
and the second light - emitting diode element 134 are respec 
tively controlled to emit light or not by two different and 
independent transistors . 



US 2019 / 0189686 A1 Jun . 20 , 2019 

[ 0122 ] FIG . 6B is an equivalent circuit diagram of the 
display device 6000A in accordance with some other 
embodiments of the present disclosure . As shown in FIG . 
6B , in some embodiments of the present disclosure , the 
display device 6000A includes a first gate line 14461 , a 
second gate line 144G2 , and a data line 144D . The gate 
electrode 120AG of the first transistor 120A is coupled to the 
first gate line 144G1 , and the first source electrode 120 AS of 
the first transistor 120A is coupled to the data line 144D . In 
addition , the first drain electrode 120AD of the first transis 
tor 120A is coupled to one end of the first light - emitting 
diode element 102 . The end of the first light - emitting diode 
element 102 is , for example , the upper electrode 114A or the 
second semiconductor layer 108A of the first light - emitting 
diode element 102 . In addition , another end ( such as the 
lower electrode 110A or the first semiconductor layer 104A ) 
of the first light - emitting diode element 102 is coupled to the 
common voltage Vcom3 . 
[ 0123 ] In addition , as shown in FIG . 6B , the second gate 
electrode 120BG of the second transistor 120B is coupled to 
the second gate line 144G2 , and the second source electrode 
120BS of the second transistor 120B is coupled to the data 
line 144D . In addition , the second drain electrode 120BD of 
the second transistor 120B is coupled to one end of the 
second light - emitting diode element 134 . The end of the 
second light - emitting diode element 134 is , for example , the 
upper electrode 114B or the second semiconductor layer 
108B of the second light - emitting diode element 134 . In 
addition , another end ( such as the lower electrode 110B or 
the second semiconductor layer 104B ) of the second light 
emitting diode element 134 is coupled to the common 
voltage Vcom3 . 
[ 0124 ] In some embodiments of the present disclosure , the 
first light - emitting diode element 102 and the second light 
emitting diode element 134 are independently controlled to 
emit light or not by controlling signals of the first gate line 
144G1 and the second gate line 144G2 . 
[ 0125 ] FIG . 6C is an equivalent circuit diagram of a 
display device 6000C in accordance with some other 
embodiments of the present disclosure . As shown in FIG . 
6C , in some embodiments of the present disclosure , the 
display device 6000C includes a gate line 144G , a first data 
line 144D1 and a second data line 144D2 . The first gate 
electrode 120AG of the first transistor 120A is coupled to the 
gate line 144G , and the first source electrode 120AS of the 
first transistor 120A is coupled to the first data line 144D1 . 
In addition , the first drain electrode 120AD of the first 
transistor 120A is coupled to one end of the first light 
emitting diode element 102 . The end of the first light 
emitting diode element 102 is , for example , the upper 
electrode 114A or the second semiconductor layer 108A of 
the first light - emitting diode element 102 . In addition , 
another end ( such as the lower electrode 110A or the first 
semiconductor layer 104A ) of the first light - emitting diode 
element 102 is coupled to the common voltage Vcom3 . 
[ 0126 ] . In addition , as shown in FIG . 6C , the second gate 
electrode 120BG of the second transistor 120B is coupled to 
the gate line 144G , and the second source electrode 120BS 
of the second transistor 120B is coupled to the second data 
line 144D2 . In addition , the second drain electrode 120BD 
of the second transistor 120B is coupled to one end of the 
second light - emitting diode element 134 . The end of the 
second light - emitting diode element 134 is , for example , the 
upper electrode 114B or the second semiconductor layer 

108B of the second light - emitting diode element 134 . In 
addition , another end ( such as the lower electrode 110B or 
the second semiconductor layer 104B ) of the second light 
emitting diode element 134 is coupled to the common 
voltage Vcom3 . 
[ 0127 ] In some embodiments of the present disclosure , the 
first light - emitting diode element 102 and the second light 
emitting diode element 134 are independently controlled to 
emit light or not by controlling the signals of the first data 
line 144D1 and the second data line 144D2 . 
[ 0128 ] It should be noted that the exemplary embodiments 
set forth in FIGS . 1A - 6C are merely for the purpose of 
illustration , and the scope of the embodiments of the present 
disclosure is not limited to this . In addition to the embodi 
ments set forth in FIGS . 1A - 6C , the display devices of the 
present disclosure have other configurations as shown in 
FIGS . 7A - 7C . This will be described in detail in the fol 
lowing description . Therefore , the scope of the present 
disclosure is not limited to the exemplary embodiments 
shown in FIGS . 1A - 6C . 
101291 FIG . 7A is a cross - sectional view of a display 
device 7000A in accordance with some other embodiments 
of the present disclosure . As shown in FIG . 7A , in accor 
dance with some embodiments of the present disclosure , the 
light - emitting angle changing layer 128 may be a light 
transmissive film layer ( also referred to as a light - transmit 
ting layer ) . As shown in FIG . 7A , the light - emitting angle 
changing layer 128 is disposed over the first light - emitting 
diode element 102 , and the light - emitting angle changing 
layer 128 is at the position corresponding to the first light 
emitting path 116 of the first light - emitting diode element 
102 . 
[ 0130 ] As shown in FIG . 7A , the light - emitting angle 
changing layer 128 is in direct contact with an insulating 
layer 126 , and there is an interface 702 between the light 
emitting angle changing layer 128 and the insulating layer 
126 . In addition , the refractive index of the light - emitting 
angle changing layer 128 is different from that of the 
insulating layer 126 . In detail , the light - emitting angle 
changing layer 128 has a first refractive index nl , the 
insulating layer 126 has a second refractive index n2 , and the 
first refractive index nl is greater than the second refractive 
index n2 . 
f0131 ] In addition , as shown in FIG . 7A , the light being 
emitted from the first light - emitting diode element 102 has 
an incident angle 83 and a refractive angle 04 at the interface 
702 . In some embodiments of the present disclosure , the 
incident angle 03 is in the insulating layer 126 , and incident 
angle 03 is the angle between the normal line 704 of the 
interface 702 and the light being emitted from the first 
light - emitting diode element 102 . The refraction angle 04 is 
in the light - emitting angle changing layer 128 , and the 
refractive angle 04 is the angle between the normal line 704 
of the interface 702 and the light being emitted from the first 
light - emitting diode element 102 . 
[ 0132 ] In accordance with Snell ' s Law , the first refractive 
index nl , the second refractive index n2 , the incident angle 
03 and the refractive angle 04 may be expressed by the 
following formula : 

nl sin 01 = n2 sin 02 
[ 0133 ] From Snell ' s Law , it could be known that since the 
first refractive index nl of the light - emitting angle changing 
layer 128 is greater than the second refractive index n2 of the 
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insulating layer 126 in embodiments of the present disclo - 
sure , the refractive angle 04 is smaller than the incident 
angle 03 . Therefore , the light - emitting angle of the first 
light - emitting diode element 102 may be reduced by the 
light - emitting angle changing layer 128 , and thereby the 
viewing angle of the display device is narrowed . In some 
embodiment of the present disclosure , the first light - emitting 
angle 01 of the first light - emitting diode element 102 is 
referred to which twice the refractive angle 04 . In addition , 
the second light - emitting angle 02 of the second light 
emitting diode element 134 is greater than the first light 
emitting angle 01 of the first light - emitting diode element 
102 ( i . e . greater than twice the refractive angle 04 ) . 
10134 ] In some embodiments of the present disclosure , the 
bottom surface of the light - emitting angle changing layer 
128 is a planar surface and is parallel to the surface of the 
substrate 100 . In other words , the interface 702 between the 
light - emitting angle changing layer 128 and the insulating 
layer 126 is a planar surface and is parallel to the surface of 
the substrate 100 . 
[ 0135 ] In some embodiments of the present disclosure , the 
light - emitting angle changing layer 128 may be made of a 
dielectric material , such as silicon dioxide , silicon nitride , 
silicon oxynitride , or any other suitable material . In addition , 
in some embodiments of the present disclosure , the light 
emitting angle changing layer 128 may be formed using the 
following methods . First , a recess is formed by etching the 
insulating layer 126 , and the bottom surface of the recess is 
a planar surface . Next , the dielectric material is deposited in 
the recess by the deposition steps described previously to 
form the light - emitting angle changing layer 128 . 
[ 0136 ] Alternatively , in some embodiments of the present 
disclosure , the light - emitting angle changing layer 128 may 
also be formed by other methods . In some other embodi 
ments of the present disclosure , the insulating layer 126 may 
be composed of double layered or multi - layered insulating 
layers ( not shown ) . The lower layer of the insulating layers 
may be formed first . After that , the light - emitting angle 
changing layer 128 is formed over the lower layer of the 
insulating layers . Next , the upper layer of the insulating 
layers is formed , and the upper layer of the insulating layers 
surrounds the light - emitting angle changing layer 128 . 
[ 0137 ] FIG . 7B is a cross - sectional view of a display 
device 7000B in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 7B and 7A is that the bottom 
surface of the light - emitting angle changing layer 128 of 
FIG . 7B is a curved surface . In other words , the interface 702 
between the light - emitting angle changing layer 128 and the 
insulating layer 126 is a curved surface . 
[ 0138 ] In some embodiments of the present disclosure , the 
light - emitting angle changing layer 128 may be formed 
using the following methods . First , a recess is formed by 
etching the insulating layer 126 , and the bottom surface of 
the recess is a curved surface . Next , the dielectric material 
is deposited in the recess by the previously described 
deposition steps to form the light - emitting angle changing 
layer 128 . 
[ 0139 ] FIG . 7C is a cross - sectional view of a display 
device 7000C in accordance with some other embodiments 
of the present disclosure . The difference between the 
embodiments shown in FIGS . 7C and 7A - 7B is that the 

light - emitting angle changing layer 128 of FIG . 7C is 
formed over the insulating layer 126 instead of formed in the 
insulating layer 126 . 
[ 0140 ] In detail , after formation of the insulating layer 
126 , the light - emitting angle changing layer 128 is formed 
over the insulating layer 126 . After that , the second light 
emitting diode element 134 is placed or formed over the 
light - emitting angle changing layer 128 . As shown in FIG . 
7C , the light - emitting angle of the first light - emitting diode 
element 102 may be reduced by the light - emitting angle 
changing layer 128 , and thereby the viewing angle of the 
display device is narrowed . 
[ 0141 ] In summary , the embodiments of the present dis 
closure may give the display devices of the present disclo 
sure the ability of switching between wide and narrow 
viewing angles by disposing two light - emitting diode ele 
ments having different light - emitting angles in a display 
device , and thereby the embodiments of the present disclo 
sure can significantly increase the number of applications of 
the display devices . 
[ 0142 ] In addition , in some embodiments of the present 
disclosure , the display devices further have the function of 
displaying 3D image by disposing two light - emitting diode 
elements at two different layers respectively in the display 
devices , and thereby the embodiments of the present dis 
closure can further increase the applicability of the display 
devices . 
10143 ] . In addition , it should be noted that the person 
skilled in the art knows that the drain and source mentioned 
above in the present disclosure are interchangeable since the 
definition of the drain and source is related to the voltage 
connected thereto . 
101441 . Note that the aforementioned element sizes , ele 
ment parameters , and element shapes are not limitations of 
the present disclosure . Those skilled in the art can adjust 
these settings or values according to different requirements . 
It is understood that the display devices and methods for 
manufacturing the same of the present disclosure are not 
limited to the configurations of FIGS . 1A to 7C . The present 
disclosure may merely include any one or more features of 
any one or more embodiments of FIGS . 1A to 7C . In other 
words , not all of the features shown in the figures should be 
implemented at the same time in the display devices and 
methods for manufacturing the same of the present disclo 
sure . 

[ 0145 ] Although some embodiments of the present disclo 
sure and their advantages have been described in detail , it 
should be understood that various changes , substitutions and 
alterations can be made herein without departing from the 
spirit and scope of the disclosure as defined by the appended 
claims . For example , it will be readily understood by those 
skilled in the art that many of the features , functions , 
processes , and materials described herein may be varied 
while remaining within the scope of the present disclosure . 
Moreover , the scope of the present application is not 
intended to be limited to the particular embodiments of the 
process , machine , manufacture , composition of matter , 
means , methods and steps described in the specification . As 
one of ordinary skill in the art will readily appreciate from 
the disclosure of the present disclosure , processes , 
machines , manufacture , compositions of matter , means , 
methods , or steps , presently existing or later to be devel 
oped , that perform substantially the same function or 
achieve substantially the same result as the corresponding 
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embodiments described herein may be utilized according to 
the present disclosure . Accordingly , the appended claims are 
intended to include within their scope such processes , 
machines , manufacture , compositions of matter , means , 
methods , or steps . 

What is claimed is : 
1 . A display device , comprising : 
a substrate ; 
a first light - emitting diode element disposed over the 

substrate and having a first light - emitting path ; 
a light - emitting angle changing layer disposed over the 

first light - emitting diode element ; 
a second light - emitting diode element disposed over the 

substrate and disposed at a position other than the 
region corresponding to the first light - emitting path , 

wherein the first light - emitting diode element has a first 
light - emitting angle and the second light - emitting 
diode element has a second light - emitting angle , and 
the second light - emitting angle is greater than the first 
light - emitting angle ; and 

the first light - emitting diode element and the second 
light - emitting diode element are disposed at different 
levels relative to the substrate . 

2 . The display device as claimed in claim 1 , wherein the 
first light - emitting diode element comprises a first electrode 
and a second electrode , and the second light - emitting diode 
element comprises a third electrode and a fourth electrode , 
wherein the display device further comprises : 

a transistor disposed over the substrate and having a drain 
electrode , wherein the drain electrode is electrically 
connected to the first electrode of the first light - emitting 
diode element and the third electrode of the second 
light - emitting diode element , 

wherein the second electrode of the first light - emitting 
diode element is electrically connected to a first volt 
age , and 

wherein the fourth electrode of the second light - emitting 
diode element is electrically connected to a second 
voltage . 

3 . The display device as claimed in claim 1 , wherein the 
first light - emitting diode element comprises a first electrode 
and a second electrode , and the second light - emitting diode 
element comprises a third electrode and a fourth electrode , 
wherein the display device further comprises : 

a first transistor disposed over the substrate and having a 
first drain electrode , wherein the first drain electrode is 
electrically connected to the first electrode of the first 
light - emitting diode element ; and 

a second transistor disposed over the substrate and having 
a second drain electrode , wherein the second drain 
electrode is electrically connected to the third electrode 
of the second light - emitting diode element , 

wherein the second electrode of the first light - emitting 
diode element and the fourth electrode of the second 
light - emitting diode element are electrically connected 
to a first voltage . 

4 . The display device as claimed in claim 2 , further 
comprising : 

a first insulating layer disposed over the substrate and 
surrounding the first light - emitting diode element ; 

a second insulating layer disposed over the first insulating 
layer and covering the first light - emitting diode ele 
ment , wherein the transistor is disposed over the second 
insulating layer ; and 

a third insulating layer disposed over the second insulat 
ing layer and covering the transistor , wherein the 
light - emitting angle changing layer is disposed over the 
third insulating layer , and the second light - emitting 
diode element is disposed over the light - emitting angle 
changing layer , 

wherein the light - emitting angle changing layer is a 
shielding layer and has a first opening , and the first 
opening is disposed aligning to the first light - emitting 
path of the first light - emitting diode element . 

5 . The display device as claimed in claim 1 , wherein the 
second light - emitting diode element has a second light 
emitting path , and the light - emitting angle changing layer is 
a shielding layer and has a first opening and a second 
opening , and wherein the first opening is disposed aligning 
to the first light - emitting path of the first light - emitting diode 
element , and the second opening is disposed aligning to the 
second light - emitting path of the second light - emitting diode 
element . 

6 . The display device as claimed in claim 1 , further 
comprising : 

a first insulating layer disposed over the substrate and 
disposed over the first light - emitting diode element , 

wherein the light - emitting angle changing layer is dis 
posed in the first insulating layer or is disposed over the 
first insulating layer , the light - emitting angle changing 
layer is a light - transmitting layer , and the light - emitting 
angle changing layer is disposed corresponding to the 
first light - emitting path of the first light - emitting diode 
element , and 

wherein the light - emitting angle changing layer has a first 
refractive index , the first insulating layer has a second 
refractive index , and the first refractive index is greater 
than the second refractive index . 

7 . A method of manufacturing a display device , compris 
ing : 
providing a substrate ; 
forming or placing a first light - emitting diode element 

over the substrate , wherein the first light - emitting diode 
element has a first light - emitting path ; 

forming a light - emitting angle changing layer over the 
first light - emitting diode element ; and 

placing a second light - emitting diode element over the 
substrate , wherein the second light - emitting diode ele 
ment is at a position other than the region correspond 
ing to the first light - emitting path , 

wherein the first light - emitting diode element has a first 
light - emitting angle , the second light - emitting diode 
element has a second light - emitting angle , and the 
second light - emitting angle is greater than the first 
light - emitting angle ; and 

the first light - emitting diode element and the second 
light - emitting diode element are disposed at different 
levels relative to the substrate . 

8 . The method as claimed in claim 7 , wherein the first 
light - emitting diode element comprises a first electrode and 
a second electrode , and the second light - emitting diode 
element comprises a third electrode and a fourth electrode , 
wherein the method further comprises : 

forming a transistor over the substrate , wherein the tran 
sistor has a drain electrode , and the drain electrode is 
electrically connected to the first electrode of the first 
light - emitting diode element and the third electrode of 
the second light - emitting diode element , 
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wherein the second electrode of the first light - emitting 
diode element is electrically connected to a first volt 
age , and 

wherein the fourth electrode of the second light - emitting 
diode element is electrically connected to a second 
voltage . 

9 . The method as claimed in claim 7 , wherein the first 
light - emitting diode element comprises a first electrode and 
a second electrode , and the second light - emitting diode 
element comprises a third electrode and a fourth electrode , 
wherein the method further comprises : 

forming a first transistor over the substrate , wherein the 
first transistor has a first drain electrode , and the first 
drain electrode is electrically connected to the first 
electrode of the first light - emitting diode element ; and 

forming a second transistor over the substrate , wherein 
the second transistor has a second drain electrode , and 
the second drain electrode is electrically connected to 
the third electrode of the second light - emitting diode 
element , 

wherein the second electrode of the first light - emitting 
diode element and the fourth electrode of the second 
light - emitting diode element are electrically connected 
to a first voltage . 

10 . The method as claimed in claim 8 , further comprising : 
forming a first insulating layer over the substrate , wherein 

the first insulating layer surrounds the first light - emit 
ting diode element ; 

forming a second insulating layer over the first insulating 
layer , wherein the second insulating layer covers the 
first light - emitting diode element , and the transistor is 
disposed over the second insulating layer ; and 

forming a third insulating layer over the second insulating 
layer , wherein the third insulating layer covers the 
transistor , the light - emitting angle changing layer is 

disposed over the third insulating layer , and the second 
light - emitting diode element is disposed over the light 
emitting angle changing layer , 

wherein the light - emitting angle changing layer is a 
shielding layer and has a first opening , and the first 
opening is disposed aligning to the first light - emitting 
path of the first light - emitting diode element . 

11 . The method as claimed in claim 7 , wherein the second 
light - emitting diode element has a second light - emitting 
path , and the light - emitting angle changing layer is a shield 
ing layer and has a first opening and a second opening , and 
wherein the first opening is disposed aligning to the first 
light - emitting path of the first light - emitting diode element , 
and the second opening is disposed aligning to the second 
light - emitting path of the second light - emitting diode ele 
ment . 

12 . The method as claimed in claim 7 , further comprising : 
forming a first insulating layer over the substrate , wherein 

the first insulating layer is disposed over the first 
light - emitting diode element , 

wherein the light - emitting angle changing layer is dis 
posed in the first insulating layer or is disposed over the 
first insulating layer , the light - emitting angle changing 
layer is a light - transmitting layer , and the light - emitting 
angle changing layer is disposed corresponding to the 
first light - emitting path of the first light - emitting diode 
element , and 

wherein the light - emitting angle changing layer has a first 
refractive index , the first insulating layer has a second 
refractive index , and the first refractive index is greater 
than the second refractive index . 


