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TITLE OF INVENTION: LIGHT EMITTING DIODE STRUCTURE, METHOD OF 

FORMING THE SAME, AND BACKLIGHT MODULE 

 

BACKGROUND  

Field of Invention 

[0001] The present disclosure relates to the backlight module.  More 

particularly, the present disclosure relates to the light emitting diode structure of 

the backlight module and the method of forming the same. 

 

Description of Related Art 

[0002] The liquid crystal display includes the liquid crystal module and the 

backlight module (or referred as the backlight unit) for providing the light source.  

According to the positon of the light emitting element in the backlight module 

corresponds to that of the light emitting surface, the backlight module may be 

classified as the direct type backlight module and the edge type backlight 

module.  The direct type backlight module may provide the local dimming 

function so it is broadly used in the liquid crystal display.  Therefore, reducing 

the optical distance of the direct type backlight module to decrease the 

thickness of the display is critical to the development of the backlight module. 

 

SUMMARY  

[0003] According to the embodiments of the present disclosure, a light emitting 

diode structure includes a substrate, a chip disposed on the substrate, 

transparent cup walls disposed on the substrate and surrounding the chip, a 

wavelength conversion layer covering the chip between the transparent cup 
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walls, and a reflective layer disposed on the wavelength conversion layer, in 

which the reflective layer includes a curved bottom surface protruding toward 

chip. 

[0004] In some embodiments, a transmittance of the transparent cup walls is in 

a range of 20% to 100%. 

[0005] In some embodiments, an angle between an inner wall of the transparent 

cup walls and the substrate is in a range of 90° to 170°. 

[0006] In some embodiments, an outer wall of the transparent cup walls is 

substantially vertical to the substrate. 

[0007] In some embodiments, a thickness from the curved bottom surface of the 

reflective layer to a top surface of the reflective layer is in a range of 30 μm to 

100 μm. 

[0008] In some embodiments, an edge thickness of the reflective layer 

approaches zero. 

[0009] In some embodiments, the reflective layer contacts the transparent cup 

walls, and the wavelength conversion layer is free from being exposed to 

environment. 

[0010] In some embodiments, a reflectance of the reflective layer is in a range 

of 90% to 100%. 

[0011] In some embodiments, the reflective layer includes a substantially flat top 

surface. 

[0012] In some embodiments, a beam angle of the light emitting diode structure 

is in a range of 95° to 175°. 
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[0013] According to the embodiments of the present disclosure, a backlight 

module includes a light emitting diode structure and an optical film disposed 

over the light emitting diode structure.  The light emitting diode structure 

includes a substrate, a chip disposed on the substrate, transparent cup walls 

disposed on the substrate and surrounding the chip, a wavelength conversion 

layer covering the chip between the transparent cup walls, and a reflective layer 

disposed on the wavelength conversion layer, in which the reflective layer 

includes a curved bottom surface protruding toward the chip. 

[0014] In some embodiments, the backlight module further includes a wire 

connecting the chip and the substrate. 

[0015] In some embodiments, an angle between an inner wall of the transparent 

cup walls and the substrate is in a range of 90° to 170°. 

[0016] In some embodiments, the wavelength conversion layer includes a 

fluorescent material to emit a second light different from a first light emitted by 

the chip. 

[0017] In some embodiments, a central thickness from the curved bottom 

surface of the reflective layer to a top surface of the reflective layer is in a range 

of 30 μm to 100 μm. 

[0018] In some embodiments, a beam angle of the light emitting diode structure 

is in a range of 95° to 175°. 

[0019] According to the embodiments of the present disclosure, a method of 

forming a light emitting diode structure includes forming transparent cup walls 

on a substrate, disposing a chip on the substrate, in which the transparent cup 

walls surround the chip.  The method includes connecting a wire to the chip, 
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forming a wavelength conversion layer with a central-recessed top surface 

between the transparent cup walls, in which the wavelength conversion layer 

covers the chip.  The method includes forming a reflective layer on the 

wavelength conversion layer and performing a baking process. 

[0020] In some embodiments, a difference between a central thickness of the 

wavelength conversion layer and an edge thickness of the wavelength 

conversion layer is larger than 30 μm. 

[0021] In some embodiments, forming the wavelength conversion layer includes 

dispensing a material of the wavelength conversion layer between the 

transparent cup walls. 

[0022] In some embodiments, the baking process includes a plurality of heating 

stages with gradient temperatures. 

[0023] It is to be understood that both the foregoing general description and the 

following detailed description are by examples, and are intended to provide 

further explanation of the disclosure as claimed. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The disclosure can be more fully understood by reading the following 

detailed description of the embodiment, with reference made to the 

accompanying drawings as follows.  Aspects of the present disclosure are best 

understood from the following detailed description when read with the 

accompanying figures.  It is noted that, in accordance with the standard 

practice in the industry, various features are not drawn to scale. 



 5 

[0025] Fig. 1A illustrates a schematic diagram of a light emitting diode according 

to some embodiments of the present disclosure. 

[0026] Fig. 1B illustrates a cross-sectional view along the line A-A′ of the light 

emitting diode in Fig. 1A. 

[0027] Figs. 1C-1D illustrate cross-sectional views of light emitting diodes 

according to some other embodiments of the present disclosure. 

[0028] Figs. 2A-2B illustrate schematic diagrams of the light emitting diode 

according to some other embodiments of the present disclosure. 

[0029] Fig. 3 illustrates an exploded view of a backlight module according to 

some other embodiments of the present disclosure. 

[0030] Figs. 4-8 illustrate cross-sectional views of each intermediate stage of 

the manufacturing process of the light emitting diode according to some 

embodiments of the present disclosure. 

 

DETAILED DESCRIPTION 

[0031] In the figures, the thickness of the layer, the film, the display, or the 

region is magnified to specifically describe the present disclosure.  Through the 

specification, the same reference numbers are used in the drawings and the 

description to refer to the same or like parts.  The formation of a first feature on 

or connected to a second feature in the description that follows may include 

embodiments in which the first and second features are formed in direct 

contact, and may also include embodiments in which additional features may be 

formed between the first and second features, such that the first and second 

features may not be in direct contact.  In the contrary, the formation of a first 
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feature directly on or directly connected to a second feature includes 

embodiments in which the first and second features are formed without another 

feature between the two features.  As used herein, “connection” may be 

referred as physically and/or electrically connection.  In addition, “electrically 

connected” or “coupled” of two elements may include another element between 

the two elements. 

[0032] Further, spatially relative terms, such as “below,” “bottom,” “above,” “top” 

and the like, may be used herein for ease of description to describe one 

element or feature’s relationship to another element(s) or feature(s) as 

illustrated in the figures.  The spatially relative terms are intended to 

encompass different orientations of the device in use or operation in addition to 

the orientation depicted in the figures.  For example, if the device in the figure 

is flipped, the element at the lower side of the other(s) may be defined as those 

at the upper side of the other(s).  Therefore, the spatially relative term “below” 

may include the orientation of “below” and “above.”  

[0033] Additionally, terms, such as “about,” “close to,” “substantially” and the like, 

used herein may include the given value and the average of the acceptable 

deviation of the given value for those skilled in the art.  For example, the term 

“about” may indicate the values in one or more deviation or in ±30%, ±20%, 

±10%, or ±5% of the given value. 

[0034] The present disclosure provides a light emitting diode structure including 

transparent cup walls and a reflective layer with a curved bottom surface.  The 

transparent cup walls surrounding a chip are disposed on a substrate, and the 

reflective layer is disposed on a wavelength conversion layer covering the chip.  
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The reflective layer changes the light path emitted by the chip so that the light 

leaves the light emitting diode from the transparent cup walls on the sides of the 

light emitting diode.  As a result, the luminous intensity above the light emitting 

diode is decreased and the beam angle range of the light emitting diode is 

increased. 

[0035] According to some embodiments of the present disclosure, Fig. 1A 

illustrates a schematic diagram of a light emitting diode 100, and Fig. 1B 

illustrates a cross-sectional view along a line A-A′ of the light emitting diode 100 

in Fig. 1A.  As shown in Fig. 1B, the light emitting diode 100 includes a 

substrate 110, a chip 120, wires 130, transparent cup walls 140, a wavelength 

conversion layer 150, and a reflective layer 160.  According to some other 

embodiments of the present disclosure, the light emitting diode 100 may include 

other layers, materials, or elements, for example, the wavelength conversion 

layer 150 may specifically be a wavelength conversion layer with double layers. 

[0036] The substrate 110 acts as the carrier of the light emitting diode 100.  

The substrate 110 may include the insulation material and the wire bracket to 

provide the current to the light emitting diode 100.  In some embodiments, the 

substrate 110 may be a printed circuit board.  The chip 120 is disposed on the 

substrate 110 as the light source of the light emitting diode 100.  The wires 130 

connect the chip 120 and the circuit (such as the substrate 110) to provide the 

current to the chip 120 for light emitting.  In some embodiments, the number of 

the wires 130 may differ because of the type of the chip 120.  For example, as 

shown in Fig. 1B, two wires 130 are connected to the lateral (face-up) chip 120.  

In contrast, Figs. 1C-1D illustrate the cross-sectional views of the light emitting 
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diodes 100 according to some other embodiments.  The chip 120 in the light 

emitting diodes 100 may be a vertical chip 120 with one wire 130 as shown in 

Fig. 1C or a flip chip 120 without wire 130 as shown in Fig. 1D. 

[0037] The wavelength conversion layer 150 is positioned above the chip 120 

and covers the chip 120.  The wavelength conversion layer 150 may include 

the material converting the wavelength of the light from the chip 120.  More 

specifically, after the first light is emitted by the chip 120, the wavelength 

conversion layer 150 may absorb portions of the first light and emit the second 

light different from the first light.  As a result, the light emitting diode 100 emits 

a mixed light of the first light and the second light.  In other words, the 

wavelength of the light emitted from the light emitting diode 100 is different from 

the wavelength of the first light emitted by the chip 120.  For example, the 

wavelength conversion layer 150 may include the fluorescent material so that 

the wavelength conversion layer 150 may emit the second light with the 

emission wavelength after absorbing the first light with the excitation 

wavelength.  In the following description, the first light and the second light will 

be presented as the light 170 to simplify the description. 

[0038] The reflective layer 160 is disposed on the wavelength conversion layer 

150 and above the chip 120, and the reflective layer 160 may reflect the light 

170 emitted upward by the chip 120.  Since the reflective layer 160 is above 

the chip 120, the reflective layer 160 reduces the luminous intensity above the 

light emitting diode 100.  In addition, the reflective layer 160 includes a curved 

bottom surface 160b protruding toward the chip 120, as shown in Fig. 1B.  The 

curved bottom surface 160b may increase the angle range of the light 170 
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reflected by the reflective layer 160 and leaving the light emitting diode 100.  

Therefore, the curved bottom surface 160b increases the luminous intensity on 

the sides of the light emitting diode 100. 

[0039] In some embodiments, the central thickness of the reflective layer 160 

may be larger than the edge thickness along the direction vertical to the flat top 

surface 160t of the reflective layer 160, which forms the curved bottom surface 

160b.  For example, as shown in Fig. 1B, the thickness from the central of the 

bottom surface 160b of the reflective layer 160 to the top surface 160t of the 

reflective layer 160 may be thickness H1, and the edge thickness of the 

reflective layer 160 approaches zero.  In some embodiments, the thickness H1 

may larger than about 30 μm.  In some embodiments, the thickness H1 may be 

in a range of about 30 μm to about 100 μm.  However, it should be understood 

that the thickness H1 may be other values according to the size or the material 

of the light emitting diode 100. 

[0040] In some embodiments, the reflective layer 160 may be positioned on the 

wavelength conversion layer 150, and the edge of the reflective layer 160 may 

contact the transparent cup walls 140 on the sides of the light emitting diode 

100.  In other words, the substrate 110, the reflective layer 160, and the 

transparent cup walls 140 may surround the wavelength conversion layer 150 

so that the wavelength conversion layer 150 is free from being exposed to the 

environment.  In such embodiments, the wavelength conversion layer 150 not 

being exposed may be avoided from the defects caused by the environment 

(such as the particles, the moisture, or the gas in air).  This improves the 

efficiency and the stability of the light emitting diode 100.  For example, the 
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wavelength conversion layer 150 in the package of the reflective layer 160 and 

the transparent cup wall 140 may be free from being sulfur-corroded which 

affects the efficiency of the light emitting diode 100. 

[0041] In some embodiments, the reflectance of the reflective layer 160 may be 

in a range of about 90% to about 100%.  Since the reflective layer 160 has the 

reflectance to light 170, the light 170 emitted by the chip 120 may be reflected 

by the reflective layer 160.  This decreases the luminous intensity above the 

light emitting diode 100.  Therefore, the reflective layer 160 may include 

suitable materials with the above mentioned reflectance.  In some 

embodiments, the reflective layer 160 may include silicone. 

[0042] The transparent cup walls 140 disposed on the substrate 110 and 

surrounding the chip 120 form the sidewalls of the light emitting diode 100.  

The light 170 reflected by the reflective layer 160 may leave the light emitting 

diode 100 through the transparent cup walls 140.  The transparent cup walls 

140 is positioned around the chip 120 so that the transparent cup walls 140 may 

increase the luminous intensity on the sides of the light emitting diode 100. 

[0043] In Fig. 1B, the transparent cup walls 140 include the inner wall 140a and 

the outer wall 140b.  The outer wall 140b of the transparent cup walls 140 may 

be substantially vertical to the substrate 110, which leads to the column 

structure of the light emitting diode 100.  The angle between the inner wall 

140a of the transparent cup walls 140 and the substrate 110 may be angle θ1.  

The angle θ1 corresponds to the application of the light emitting diode 100 with 

different functions, such as the window size of the light emitting diode 100, the 

position of the light emitting diode 100 and the optical film (not shown) above 
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the light emitting diode 100, the light type of the light emitting diode 100, or the 

like. 

[0044] In some embodiments, the angle θ1 between the inner wall 140a of the 

transparent cup walls 140 and the substrate 110 may be in a range of about 90° 

to about 170°.  For example, the light emitting diode 100 may have a 

rectangular structure, which the angle θ1 between the longer inner wall 140a 

and the substrate 110 is in a range of about 110° to about 170°, and the angle 

θ1 between the shorter inner wall 140a and the substrate 110 is in a range of 

about 90° to about 150°.  However, it should be understood that the angle θ1 

of other values may be included according to the size or the material of the light 

emitting diode 100. 

[0045] In some embodiments, the transmittance of the transparent cup walls 

140 may be in a range of about 20% to about 100%.  Since the transparent 

cup walls 140 has the transmittance to light 170, the light 170 emitted by the 

chip 120 may leave the light emitting diode 100 through the transparent cup 

walls 140 after being reflected by the reflective layer 160.  The transparent cup 

walls 140 may have different transmittances for the light 170 with different 

wavelengths.  For example, the transmittance of the transparent cup walls 140 

to the light 170 with wavelength between 400 nm and 550 nm may be in a 

range of about 20% to about 50%, while the transmittance of the transparent 

cup walls 140 to the light 170 with wavelength between 550 nm and 750 nm 

may be in a range of about 50% to about 70%. 

[0046] The transparent cup walls 140 may include the materials with the above 

mentioned transmittance.  In some embodiments, the transparent cup walls 
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140 may include polyamide, poly(p-phenylene hexamethylenediamine) (PA6T), 

polyamide 9T (PA9T), polycyclohexane-dimethyl terephthalate (PCT), 

semi-aromatic polyamide, liquid crystal polymer (LCP)、thermosetting epoxy 

resin, thermosetting silicone, or the like. 

[0047] The reflective layer 160 reflects the light 170 emitting upward from the 

chip 120, which decreases the luminous intensity above the light emitting diode 

100.  Additionally, the light 170 penetrating through the transparent cup walls 

140 of the sides of the light emitting diode 100 increases the luminous intensity 

of the sides of the light emitting diode 100.  As a result, the beam angle range 

of the light emitting diode 100 is increased by the reflective layer 160 and the 

transparent cup walls 140.  In some embodiments, the beam angle of the light 

emitting diode 100 may be in a range of about 95° to about 175°. 

[0048] The light emitting diode 100 may have any suitable shape or size to be 

applied in the design or the process of the light emitting device.  According to 

some other embodiments of the present disclosure, Fig. 2A to Fig. 2B illustrate 

schematic diagrams of the light emitting diode 102 and the light emitting diode 

104, in which the structures of the light emitting diode 102 and the light emitting 

diode 104 are similar to that of the light emitting diode 100.  Referring to Fig. 

1A, Fig. 2A, and Fig. 2B, the light emitting diode 100 is rectangular with a 

square top surface 160t, in which the side length of the top surface 160t may be 

in a range of about 0.1 mm to about 6.5 mm.  The light emitting diode 102 is 

rectangular with a rectangle top surface 162t, in which the side length of the top 

surface 162t may be in a range of about 0.1 mm to about 7 mm, and the 

difference of the two side lengths of top surface 162t may be in a range of about 
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1 mm to about 5 mm.  The light emitting diode 104 is cylinder with a round top 

surface 164t to provide uniformed light. 

[0049] According to some other embodiments of the present disclosure, Fig. 3 

illustrates an exploded view of the backlight module 300.  The backlight 

module 300 includes a carrier 302, a light emitting diode 100, an optical film 304, 

and a liquid crystal display 306.  The light emitting diode 100 is disposed on 

the carrier 302 to act as the light source of the backlight module 300.  The 

optical film 304 is disposed above the light emitting diode 100 to further uniform 

the light from the light emitting diode 100.  The liquid crystal display 306 is 

disposed above the optical film 304 to receive the light uniformed by the optical 

film 304.  It should be understood that the backlight module 300 as an example 

is not intended to limit the present disclosure, and the backlight module 300 

including other components is in the scope of the present disclosure. 

[0050] As shown in Fig. 3, the light emitting diode 100 including the reflective 

layer 160 and the transparent cup walls 140 (such as the light emitting diode 

100 in Fig. 1B) may be applied in the backlight module 300.  Since the 

reflective layer 160 and the transparent cup walls 140 of the light emitting diode 

100 increases the beam angle range of the light emitting diode 100, the optical 

distance between the light emitting diode 100 and the optical film 304 is 

decreased, thereby decreasing the thickness of the backlight module 300.  In 

addition, the light emitting diode 100 with the increased beam angle range 

increases the light source area of each light emitting diode 100.  Therefore, the 

number of the light emitting diode 100 in the backlight module 300 may be 

reduced to lower the process cost of the backlight module 300. 
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[0051] According to some embodiments of the present disclosure, Fig. 4 to Fig. 

8 illustrate the cross-sectional views of each intermediate stage of the 

manufacturing process of the light emitting diode 100, in which the 

cross-sectional is similar to that of Fig. 1B.  However, it should be noted that 

Fig. 4 to Fig. 8 are merely examples and are not intended to limit the present 

disclosure.  Additional steps may be provided before, during, or after the 

process of Fig. 4 to Fig. 8. 

[0052] Fig. 4 illustrates the cross-sectional view of an intermediate stage of the 

process forming the light emitting diode 100.  The transparent cup walls 140 

are formed on the substrate 110.  Forming the transparent cup walls 140 on 

the substrate 110 may include forming the outer wall 140b substantially vertical 

to the substrate 110 and the inner wall 140a with the angle θ1 between the 

inner wall 140a and the substrate 110.  As shown in Fig. 4, the transparent cup 

walls 140 and the substrate 110 form a cup-shaped structure, so that other 

elements may be disposed in the cup-shaped structure in the following process.  

In some embodiments, the transparent cup walls 140 may include thermoplastic 

or thermosetting material, which corresponds to the different processes, such 

as injection molding or compression molding, forming the transparent cup walls 

140. 

[0053] Fig. 5 illustrates the cross-sectional view of an intermediate stage of the 

process forming the light emitting diode 100.  The chip 120 is disposed on the 

substrate 110 and between the transparent cup walls 140.  The chip 120 is 

disposed on the substrate 110 and connected to the outer source to provide the 
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light source of the light emitting diode 100.  In some embodiments, the chip 

120 is fixed on the substrate 110 by an adhesion layer. 

[0054] Fig. 6 illustrates the cross-sectional view of an intermediate stage of the 

process forming the light emitting diode 100.  The wires 130 are connected to 

the chip 120, or the operation may be called “bonding.”  The wires 130 are 

connected to the chip 120 and the circuit of the wire bracket on the substrate 

110.  After the chip 120 and the wires 130 being disposed, the transparent cup 

walls 140 surround the chip 120.  In other words, the chip 120 is disposed in 

the cup-shaped structure formed by the transparent cup walls 140 and the 

substrate 110. 

[0055] Fig. 7 illustrates the cross-sectional view of an intermediate stage of the 

process forming the light emitting diode 100.  The wavelength conversion layer 

150 is formed between the transparent cup walls 140.  The wavelength 

conversion layer 150 is not only formed between the transparent cup walls 140 

but also formed above the chip 120 to cover the chip 120.  Since the 

wavelength conversion layer 150 is formed between the transparent cup walls 

140 and the wavelength conversion layer 150 covers the chip 120, the wires 

130, and the substrate 110, the chip 120 may be avoided from the corrosion 

caused by the environment.  This increases the stability and efficiency of the 

light emitting diode 100. 

[0056] In some embodiments, the wavelength conversion layer 150 may include 

the colloid with cohesion.  Therefore, the wavelength conversion layer 150 

forming between the transparent cup walls 140 has a top surface 150t 

recessing toward the chip 120.  For example, as shown in Fig. 7, the thickness 
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from the central of the top surface 150t of the wavelength conversion layer 150 

to the substrate 110 along the direction vertical to the substrate 110 is thickness 

H2.  The thickness from the edge of the top surface 150t to the substrate 110 

is thickness H3, and the thickness H3 is larger than the thickness H2.  In some 

embodiments, the difference between the thickness H2 and the thickness H3 

may be larger than about 30 μm.  In some embodiments, the difference 

between the thickness H2 and the thickness H3 may be in a range of about 30 

μm to about 100 μm.  However, it should be understood that the thickness H2 

and the thickness H3 of other values may be included according to the size or 

the material of the light emitting diode 100. 

[0057] In some embodiments, forming the wavelength conversion layer 150 may 

include performing the dispensing process.  The material of the wavelength 

conversion layer 150 is dispensed in the cup-shaped structure formed by the 

transparent cup walls 140 and the substrate 110.  In other words, the 

transparent cup walls 140 and the substrate 110 define the side boundary and 

the bottom boundary of the wavelength conversion layer 150 so that the 

wavelength conversion layer 150 may be avoided from being processed by 

other cutting process or etching process (such as dry etch or wet etch).  Since 

cutting process or etching process is not performed in the forming process of 

the wavelength conversion layer 150, the wavelength conversion layer 150 may 

not be affected by those processes (such as flash and crack caused by cutting 

process or graphitization and corrosion caused by etching process) which 

decreases the light emitting efficiency of the wavelength conversion layer 150. 
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[0058] Fig. 8 illustrates the cross-sectional view of an intermediate stage of the 

process forming the light emitting diode 100.  The reflective layer 160 is formed 

on the wavelength conversion layer 150, and the baking process is performed.  

The reflective layer 160 includes a bottom surface 160b attached to the top 

surface 150t of the wavelength conversion layer 150, leading to the curved 

bottom surface 160b protruding toward the chip 120.  In some embodiments, 

the reflective layer 160 may include the substantially flat top surface 160t so 

that other elements may be easily formed on the light emitting diode 100. 

[0059] In some embodiments, forming the reflective layer 160 may include 

performing the dispensing process, which the material of the reflective layer 160 

is dispensed on the wavelength conversion layer 150.  As shown in Fig. 8, the 

reflective layer 160, the transparent cup walls 140 and the substrate 110 may 

pack the wavelength conversion layer 150 into the cup-shaped structure of the 

light emitting diode 100.  This avoid the exposure of the wavelength conversion 

layer 150 to moisture, corrosion, or other environment factors and  increases 

the stability of the light emitting diode 100. 

[0060] After forming the reflective layer 160, the light emitting diode 100 is 

baked to cure the light emitting diode 100.  In some embodiments, the baking 

process may include a plurality of heating stages to increase the adhesion 

between the reflective layer 160 and the wavelength conversion layer 150.  

This decrease the possibility of the penetration of moisture and air into the light 

emitting diode 100.  For example, the baking process may include three 

heating stages with gradient temperatures (such as about 80°C for the first 

stage, about 100°C for the second stage, and about 150°C for the third stage).  
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The first stage with a relative low temperature may reduce the viscosity of the 

wavelength conversion layer 150 so that the wavelength conversion layer 150 

may be dispensed into the gaps in the light emitting diode 100 with less ripple.  

The second stage with a temperature between that of the first stage and that of 

the third stage may decrease the stress caused by the rapid heating up to avoid 

the deformation of the light emitting diode 100.  The third stage with a relative 

high temperature may sufficiently cure the light emitting diode 100 and 

increases the chemical adhesion between the reflective layer 160 and the 

wavelength conversion layer 150. 

[0061] The present disclosure provides the light emitting diode structure 

including the reflective layer with the curved bottom surface above the light 

emitting chip to decrease the luminous intensity above the light emitting diode.  

The light emitting diode structure also includes the transparent cup walls 

disposed on the sides of the light emitting chip to increase the luminous 

intensity of the sides of the light emitting diode.  The reflective layer and the 

transparent cup walls increase the beam angle range of the light emitting diode 

so that the requirement for the optical distance and the number of the light 

emitting diode may be reduced.  This reduces the thickness of the backlight 

module using the light emitting diode of the present disclosure and increases 

the application possibility of the light emitting diode. 

[0062] In the light emitting diode structure forming process provided by the 

present disclosure, forming the cup-shaped structure with the transparent cup 

walls and the substrate and forming the wavelength conversion layer in the 

cup-shaped structure may avoid performing cutting process or etching process 
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to the wavelength conversion layer.  This process design is free from the 

defects caused by cutting and etching process and thereby improving the yield 

of the light emitting diode and decreasing the process cost. 

[0063] Although the present disclosure has been described in considerable 

detail with reference to certain embodiments thereof, other embodiments are 

possible.  Therefore, the spirit and scope of the appended claims should not be 

limited to the description of the embodiments contained herein.  It will be 

apparent to those skilled in the art that various modifications and variations can 

be made to the structure of the present disclosure without departing from the 

scope or spirit of the disclosure.  In view of the foregoing, it is intended that the 

present disclosure cover modifications and variations of this disclosure provided 

they fall within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

 

[CLAIM 1] 

A light emitting diode structure, comprising: 

a substrate; 

a chip disposed on the substrate; 

transparent cup walls disposed on the substrate, wherein the transparent 

cup walls surround the chip; 

a wavelength conversion layer covering the chip between the transparent 

cup walls; and 

a reflective layer disposed on the wavelength conversion layer, wherein 

the reflective layer comprises a curved bottom surface protruding toward the 

chip. 

 

[CLAIM 2] 

The light emitting diode structure of claim 1, wherein a transmittance of 

the transparent cup walls is in a range of 20% to 100%. 

 

[CLAIM 3] 

The light emitting diode structure of claim 1, wherein an angle between 

an inner wall of the transparent cup walls and the substrate is in a range of 90° 

to 170°. 

 



 21 

[CLAIM 4] 

The light emitting diode structure of claim 1, wherein an outer wall of the 

transparent cup walls is substantially vertical to the substrate. 

 

[CLAIM 5] 

The light emitting diode structure of claim 1, wherein a thickness from the 

curved bottom surface of the reflective layer to a top surface of the reflective 

layer is in a range of 30 μm to 100 μm. 

 

[CLAIM 6] 

The light emitting diode structure of claim 1, wherein an edge thickness 

of the reflective layer approaches zero. 

 

[CLAIM 7] 

The light emitting diode structure of claim 1, wherein the reflective layer 

contacts the transparent cup walls, and wherein the wavelength conversion 

layer is free from being exposed to environment. 

 

[CLAIM 8] 

The light emitting diode structure of claim 1, wherein a reflectance of the 

reflective layer is in a range of 90% to 100%. 

 

[CLAIM 9] 

The light emitting diode structure of claim 1, wherein the reflective layer 

comprises a substantially flat top surface. 
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[CLAIM 10] 

The light emitting diode structure of claim 1, wherein a beam angle of the 

light emitting diode structure is in a range of 95° to 175°. 

 

[CLAIM 11] 

A backlight module, comprising: 

a light emitting diode structure, comprising: 

a substrate; 

a chip disposed on the substrate; 

transparent cup walls disposed on the substrate, wherein the 

transparent cup walls surround the chip; 

a wavelength conversion layer covering the chip between the 

transparent cup walls; and 

a reflective layer disposed on the wavelength conversion layer, 

wherein the reflective layer comprises a curved bottom surface 

protruding toward the chip; and 

an optical film disposed over the light emitting diode structure. 

 

[CLAIM 12] 

The backlight module of claim 11, further comprising a wire connecting 

the chip and the substrate. 

 

[CLAIM 13] 

The backlight module of claim 11, wherein an angle between an inner 

wall of the transparent cup walls and the substrate is in a range of 90° to 170°. 
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[CLAIM 14] 

The backlight module of claim 11, wherein the wavelength conversion 

layer comprises a fluorescent material to emit a second light different from a 

first light emitted by the chip. 

 

[CLAIM 15] 

The backlight module of claim 11, wherein a central thickness from the 

curved bottom surface of the reflective layer to a top surface of the reflective 

layer is in a range of 30 μm to 100 μm. 

 

[CLAIM 16] 

The backlight module of claim 11, wherein a beam angle of the light 

emitting diode structure is in a range of 95° to 175°. 

 

[CLAIM 17] 

A method of forming a light emitting diode structure, comprising: 

forming transparent cup walls on a substrate; 

disposing a chip on the substrate, wherein the transparent cup walls 

surround the chip; 

connecting a wire to the chip 

forming a wavelength conversion layer between the transparent cup 

walls, wherein the wavelength conversion layer covers the chip and comprises 

a central-recessed top surface; and 

forming a reflective layer on the wavelength conversion layer and 

performing a baking process. 
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[CLAIM 18] 

The method of claim 17, wherein a difference between a central 

thickness of the wavelength conversion layer and an edge thickness of the 

wavelength conversion layer is larger than 30 μm. 

 

[CLAIM 19] 

The method of claim 17, wherein forming the wavelength conversion 

layer comprises dispensing a material of the wavelength conversion layer 

between the transparent cup walls. 

 

[CLAIM 20] 

The method of claim 17, wherein the baking process comprises a 

plurality of heating stages with gradient temperatures. 
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