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DISPLAY DEVICE AND MANUFACTURING METHOD OF POLARIZER 

STRUCTURE

BACKGROUND OF THE INVENTION

Field of the Invention5

[0001] The invention relates to a manufacturing method of a display device and a polarizer 

structure, and more particularly, to a display device for which the polarizer structure includes 

grids and a reflective layer and a manufacturing method of the polarizer structure. 

Description of Related Art

[0002] The current e-mirror is formed by providing a liquid crystal display module in the 10

rearview mirror, so that the rearview mirror may display an image via the liquid crystal display 

module in addition to having a mirror function. The e-mirror has a wider field of view than the 

conventional rearview mirror without a liquid crystal display module, which may greatly 

improve the user’s driving safety.

[0003] However, in the existing e-mirror, a masking ink layer is usually disposed on the 15

non-display area of the transflective mirror cover lens above the liquid crystal display module to 

prevent the components below the non-display area from being visible. In addition, the 

transflective coating layer of the existing e-mirror used to reflect light greatly reduces the 

transmittance of the liquid crystal display module.

20

SUMMARY OF THE INVENTION

[0004] The invention provides a display device with a low manufacturing cost and a display 

screen with improved brightness.

[0005] The invention provides a manufacturing method of a polarizer structure with a low 

manufacturing cost.25
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[0006] At least one embodiment of the invention provides a display device including a liquid 

crystal display module, a cover lens, and a polarizer structure. The liquid crystal display 

module has a display area and a non-display area connected to the display area. The liquid 

crystal display module includes a bezel, a backlight module, and a display panel. The backlight 

module is located in the bezel. The display panel is located on the backlight module. The 5

display panel includes a first substrate, a lower polarizer, a second substrate, a liquid crystal 

layer, and a filter element. The lower polarizer is located on the first substrate. The second 

substrate faces the first substrate. The liquid crystal layer is located between the first substrate 

and the second substrate. The filter element is located between the first substrate and the 

second substrate. The cover lens is located on the liquid crystal display module. The 10

polarizer structure is located between the cover lens and the second substrate. The polarizer 

structure includes a plurality of grids and a reflective layer. The grids cover the display area. 

The reflective layer surrounds the grids and covers a sidewall of the display panel and a sidewall 

of the bezel in a direction perpendicular to the cover lens.

[0007] At least one embodiment of the invention provides a manufacturing method of a 15

polarizer structure, including the following steps.  A first mold material layer is formed on a 

substrate.  A hard mask layer is formed on the first mold material layer, wherein the hard mask 

layer has a first region and a second region surrounding the first region, and a thickness of the 

second region is greater than a thickness of the first region.  A patterned first photoresist 

material layer is formed on the hard mask layer.  The hard mask layer and the first mold 20

material layer are etched to form a first mold.  A second mold is formed by using the first mold 

as a master mold.  A reflective material layer is formed on the cover lens.  A second 

photoresist material layer is formed on the reflective material layer.  A pattern of the second 

mold is transferred onto the second photoresist material layer to form a patterned second 

photoresist material layer.  The reflective material layer is etched to form a plurality of grids 25
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and a reflective layer surrounding the grids.

[0008] In order to make the aforementioned features and advantages of the disclosure more 

comprehensible, embodiments accompanied with figures are described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS5

[0009] The accompanying drawings are included to provide a further understanding of the 

invention, and are incorporated in and constitute a part of this specification.  The drawings 

illustrate embodiments of the invention and, together with the description, serve to explain the 

principles of the invention.  

[0010] FIG. 1A to FIG. 1I are top views of a manufacturing method of a display device 10

according to an embodiment of the invention.

[0011] FIG. 2A to FIG. 2I are respectively cross sections along section line aa’ of FIG. 1A to 

FIG. 1I.

DESCRIPTION OF THE EMBODIMENTS15

[0012] FIG. 1A to FIG. 1I are top views of a manufacturing method of a display device 

according to an embodiment of the invention. FIG. 2A to FIG. 2I are respectively cross 

sections along section line aa’ of FIG. 1A to FIG. 1I.

[0013] Referring to FIG. 1A and FIG. 2A, a first mold material layer 110 is formed on a 

substrate 100. In some embodiments, the material of the first mold material layer 110 includes 20

silicon dioxide or other materials that may be etched.

[0014] A hard mask layer 120 is formed on the first mold material layer 110.  The hard mask 

layer 120 has a first region A1 and a second region A2 surrounding the first region A1.  A 

thickness T2 of the second region A2 is greater than a thickness T1 of the first region A1. The 

hard mask layer 120 includes a first mask layer 122 and a second mask layer 124. The first 25
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mask layer 122 is located in the second region A2 and has an opening H corresponding to the 

first region A1. The second mask layer 124 covers the first mask layer 122 and is located in the 

opening H. In the present embodiment, the thickness T1 of the first region A1 is equal to the 

thickness of the second mask layer 124, and the thickness T2 of the second region A2 is equal to 

the thicknesses of the first mask layer 122 and the second mask layer 124. In some 5

embodiments, the material of the first mask layer 122 and the second mask layer 124 includes 

aluminum, titanium, molybdenum, or other suitable materials, or a combination of the above 

materials. A first photoresist material layer 130 is formed on the hard mask layer 120.

[0015] Referring to FIG. 1B and FIG. 2B, the first photoresist material layer 130 is patterned 

to form a patterned first photoresist material layer 130a on the hard mask layer 120. In some 10

embodiments, the coating thickness of the patterned first photoresist material layer 130a is less 

than the thickness of the first mold material layer 110.  For example, the coating thickness of 

the patterned first photoresist material layer 130a is half the thickness of the first mold material 

layer 110. In other words, the coating thickness of the first photoresist material layer 130 is 

half the thickness of the first mold material layer 110, but the invention is not limited thereto.15

In the present embodiment, the method of forming the patterned first photoresist material layer 

130a is, for example, nanoimprint lithography (NIL). In some embodiments, the difference 

between the thickness of the first mask layer 122 and the thickness of the patterned first 

photoresist material layer 130a is less than 50 nm (e.g., between 10 nm and 50 nm), and the 

difference between the thickness of the second mask layer 124 and the thickness of the patterned 20

first photoresist material layer 130a is less than 50 nm (e.g., between 10 nm and 50 nm), which 

facilitates the subsequent etching process needed for the forming of a polarizer structure.

[0016] Referring to FIG. 1C and FIG. 2C, the hard mask layer 120 and the first mold material 

layer 110 are etched to form a first mold 110a. In the present embodiment, with the hard mask 

layer 120 and the patterned first photoresist material layer 130a as a mask, after the first mold 25
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material layer 110 is etched to form the first mold 110a, a portion of the hard mask layer 120 

(e.g., a portion of the first mask layer 122) still remains on the first mold 110a, but the invention 

is not limited thereto. In the present embodiment, since the thickness T2 of the second region 

A2 of the hard mask layer 120 is larger than the thickness T1 of the first region A1 of the hard 

mask layer 120, the first mold 110a has a first region B1 and a second region B2 having different 5

patterns. A plurality of grooves G1 are located in the first region B1 corresponding to the first 

region A1, and there are no grooves in the second region B2 corresponding to the second region 

A2.

[0017] Referring to FIG. 1D, FIG. 1E, FIG. 2D, and FIG. 2E, a portion of the hard mask layer 

120 (e.g., a portion of the first mask layer 122) remaining on the first mold 110a is removed. A 10

second mold 200 is formed by using the first mold 110a as a master mold.

[0018] In the present embodiment, the second mold 200 includes a substrate 210 and a bump 

structure 220 located on the substrate 210. The pattern of the bump structure 220 in the second 

mold 200 is imprinted from the first mold 110a. For example, the first mold 110a has the first 

region B1 and the second region B2 having different patterns, wherein the plurality of grooves 15

G1 are located in the first region B1. Therefore, the second mold 200 also has a first region C1 

and a second region C2 having different patterns, wherein there is plurality of grooves G2 in the 

first region C1 corresponding to the first region B1, and there are no grooves in the second 

region C2 corresponding to the second region B2.

[0019] In some embodiments, the second mold 200 includes a soft material, but the invention 20

is not limited thereto. In some embodiments, the material of the substrate 210 includes 

polyethylene terephthalate (PET), glass, polydimethylsiloxane (PDMS), or other suitable 

materials. In some embodiments, the material of the bump structure 220 includes a photoresist, 

polydimethylsiloxane (PDMS), or other suitable materials.

[0020] Referring to FIG. 1E to FIG. 1G and FIG. 2E to FIG. 2G, a reflective material layer 25
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310 is formed on a cover lens 300. A second photoresist material layer 320 is formed on the 

reflective material layer 310. The pattern of the second mold 200 is transferred onto the second 

photoresist material layer 320 to form a patterned second photoresist material layer 320a. In 

some embodiments, the coating thickness of the patterned second photoresist material layer 320a 

is less than the thickness of the reflective material layer 310.  For example, the coating 5

thickness of the patterned second photoresist material layer 320a is half the thickness of the 

reflective material layer 310. In other words, the coating thickness of the second photoresist 

material layer 320 is half the thickness of the reflective material layer 310, but the invention is 

not limited thereto. Since the second mold 200 has the first region C1 and the second region 

C2 having different patterns, the patterned second photoresist material layer 320a also has a first 10

region D1 and a second region D2 having different patterns, wherein a plurality of grooves G3 

are located in the first region D1 corresponding to the first region C1, and there are no grooves 

in the second region D2 corresponding to the second region C2.

[0021] Referring to FIG. 1H and FIG. 2H, with the patterned second photoresist material layer 

320a as a mask, the reflective material layer 310 is etched to form a polarizer structure 310a. 15

The polarizer structure 310a includes a plurality of grids 312 and a reflective layer 314 

surrounding the plurality of grids 312. The grids 312 are integrally formed with the reflective 

layer 314, for example. Since the second mold 200 has the first region D1 and the second 

region D2 having different patterns, the polarizer structure 310a includes a first region E1 and a 

second region E2 having different patterns, wherein there are the plurality of grids 312 in the 20

first region E1 corresponding to the first region D1, and the reflective layer 314 is located in the 

second region E2 corresponding to the second region D2. In some embodiments, the material 

of the polarizer structure 310a includes aluminum, silver, or other reflective materials.

[0022] In the present embodiment, the range of the first region E1 is approximately equal to 

the range of the opening H of the first mask layer 122 (shown in FIG. 1A).25
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[0023] For ease of description, FIG. 1I omits the cover lens 300.  Referring to FIG. 1I and 

FIG. 2I, the cover lens 300 and the polarizer structure 310a are cut into a predetermined shape 

and attached to a liquid crystal display module 400. The liquid crystal display module 400, the 

cover lens 300, and the polarizer structure 310a are disposed in a casing 500. At this point, the 

display device 10 is roughly completed.5

[0024] The liquid crystal display module 400 has a display area AA and a non-display area 

BA connected to the display area AA. The liquid crystal display module 400 includes a bezel 

410, a backlight module 420, and a display panel 430. The backlight module 420 is located in 

the bezel 410. The display panel 430 is located on the backlight module 420. The display 

panel 430 includes a first substrate 431, a lower polarizer 432, a second substrate 436, a liquid 10

crystal layer 437, and a filter element 438. The lower polarizer 432 is located on the first 

substrate 431. The second substrate 436 faces the first substrate 431. The liquid crystal layer 

437 is located between the first substrate 431 and the second substrate 436. The filter element 

438 is located between the first substrate 431 and the second substrate 436. In the present 

embodiment, the first substrate 431 is a pixel array substrate including a plurality of pixel 15

structures. In some embodiments, the lower polarizer 432 includes a wire grid polarizer (WGP) 

or a polarizing film.

[0025] The cover lens 300 is located on the liquid crystal display module 400. The polarizer 

structure 310a is located between the cover lens 300 and the second substrate 436. The grids 

312 of the polarizer structure 310a cover the display area AA. The reflective layer 314 20

surrounds the grids 312 and covers a sidewall SW1 of the display panel 430 and a sidewall SW2 

of the bezel 410 in a direction d1 perpendicular to the cover lens 300. In other words, at least 

the area between the sidewall SW1 of the display panel 430 and the sidewall SW2 of the bezel 

410 is covered by the reflective layer 314, thereby masking the circuit (not shown) between the 

liquid crystal display module 400 and the reflective layer 314. In the present embodiment, the 25
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reflective layer 314 is extended beyond the sidewall SW2 of the bezel 410 to more 

comprehensively mask the circuit (not shown) between the liquid crystal display module 400 

and the reflective layer 314.

[0026] In the present embodiment, since the polarizer structure 310a includes the reflective 

layer 314, it is not necessary to additionally form an ink layer to mask the circuit between the 5

liquid crystal display module 400 and the reflective layer 314, thereby reducing the 

manufacturing cost of the liquid crystal display module 400.

[0027] In the present embodiment, the optical adhesive 330 is connected to the polarizer 

structure 310a and the second substrate 436. The optical adhesive 330 is located between the 

display area AA and the grids 312 of the polarizer structure 310a. Via the configuration of the 10

optical adhesive 330, the display device 10 may have a better contrast value.

[0028] In the present embodiment, since the grids 312 of the polarizer structure 310a have the 

function of a polarizer, it is not necessary to additionally provide an upper polarizer in the 

display panel 430, and therefore the manufacturing cost of the display panel 430 may be 

reduced. In addition, since the upper polarizer is not omitted, the display device 10 may have a 15

higher transmittance.

[0029] In the present embodiment, the grids 312 and the reflective layer 314 of the polarizer 

structure 310a may both reflect light. Therefore, the polarizer structure 310a may be used as a 

mirror coating to reflect external light. In some embodiments, the display device 10 is an 

e-mirror.20

[0030] Based on the above, the polarizer structure of the display device of the invention may 

be used as a polarizer and a mirror coating.  In addition to reducing the manufacturing cost of 

the display device, the display device may have higher transmittance.

[0031] Although the invention has been described with reference to the above embodiments, it 

will be apparent to one of ordinary skill in the art that modifications to the described 25
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embodiments may be made without departing from the spirit of the invention.  Accordingly, the 

scope of the invention is defined by the attached claims not by the above detailed descriptions. 
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WHAT IS CLAIMED IS:

1. A display device, comprising:

a liquid crystal display module, wherein the liquid crystal display module has a 

display area and a non-display area connected to the display area, and the liquid crystal display 

module comprises:5

a bezel;

a backlight module located in the bezel; and

a display panel located on the backlight module, and the display panel comprises:

a first substrate;

a lower polarizer located on the first substrate;10

a second substrate facing the first substrate;

a liquid crystal layer located between the first substrate and the second 

substrate; and

a filter element located between the first substrate and the second 

substrate;15

a cover lens located on the liquid crystal display module; and

a polarizer structure located between the cover lens and the second substrate, wherein 

the polarizer structure comprises:

a plurality of grids covering the display area; and

a reflective layer surrounding the grids and covering a sidewall of the display 20

panel and a sidewall of the bezel in a direction perpendicular to the cover lens.

2. The display device of claim 1, further comprising a casing, wherein the liquid 

crystal display module is disposed in the casing.

3. The display device of claim 1, wherein a material of the polarizer structure 

comprises aluminum or silver.25
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4. The display device of claim 1, further comprising an optical adhesive connected to 

the polarizer structure and the second substrate, and the optical adhesive is located between the 

display area and the grids.

5. The display device of claim 1, wherein the display panel does not have an upper 

polarizer.5

6. The display device of claim 1, wherein the reflective layer is extended beyond the 

sidewall of the bezel.

7. A manufacturing method of a polarizer structure, comprising:

forming a first mold material layer on a substrate;

forming a hard mask layer on the first mold material layer, wherein the hard mask 10

layer has a first region and a second region surrounding the first region, and a thickness of the 

second region is greater than a thickness of the first region;

forming a patterned first photoresist material layer on the hard mask layer;

etching the hard mask layer and the first mold material layer to form a first mold;

forming a second mold by using the first mold as a master mold;15

forming a reflective material layer on a cover lens;

forming a second photoresist material layer on the reflective material layer;

transferring a pattern of the second mold onto the second photoresist material layer to 

form a patterned second photoresist material layer; and

etching the reflective material layer to form a plurality of grids and a reflective layer 20

surrounding the grids.

8. The manufacturing method of claim 7, wherein a material of the hard mask layer 

comprises aluminum, titanium, molybdenum, or a combination of the materials.

9. The manufacturing method of claim 7, wherein a material of the first mold material 

layer comprises silicon dioxide.25
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10. The manufacturing method of claim 7, wherein the hard mask layer comprises:

a first mask layer located in the second region and having an opening corresponding 

to the first region; and

a second mask layer covering the first mask layer and located in the opening.

11. The manufacturing method of claim 10, wherein a difference between a thickness 5

of the first mask layer and a thickness of the patterned first photoresist material layer is less than 

50 nm, and a difference between a thickness of the second mask layer and the thickness of the 

patterned first photoresist material layer is less than 50 nm.

12. The manufacturing method of claim 7, wherein a coating thickness of the 

patterned first photoresist material layer is half a thickness of the first mold material layer.10

13. The manufacturing method of claim 7, wherein a coating thickness of the 

patterned second photoresist material layer is half a thickness of the reflective material layer.


