10

15

20

25

PIXEL STRUCTURE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The disclosure relates to a pixel structure.
Description of Related Art
[0002] The display panel includes a pixel array substrate, an opposite substrate, and a display
medium disposed between the pixel array substrate and the opposite substrate. The pixel array
substrate includes a substrate and pixel structures disposed on the substrate. Each pixel structure
includes a signal line, an active component electrically connected to the signal line, and a pixel
electrode electrically connected to the active component.
[0003] In general, based on conductivity considerations, a portion of the signal line and/or the
active component is mostly made of a metal layer. The metal layer has good conductivity but is
reflective. Ina lighting environment, when the display panel is in use, a portion of the signal line
and/or the active component reflects the ambient light beam, causing a drop in the ambient contrast

ratio (ACR) of the display panel.

SUMMARY OF THE INVENTION

[0004] The invention provides a pixel structure, and a display panel with good optical
performance can be made by using the pixel structure.

[0005] The pixel structure of the invention includes a substrate, a thin film transistor disposed
on the substrate and having a first end, a second end and a control end, a first signal line electrically
connected to the first end of the thin film transistor, a second signal line electrically connected to
the control end of the thin film transistor, a pixel electrode electrically connected to the second
end of the thin film transistor, and a first light shielding layer. At least one of the first end of the

thin film transistor, the second end of the thin film transistor, the control end of the thin film
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transistor, the first signal line and the second signal line is formed of a first conductive layer. The
first light shielding layer is disposed on a top surface and a sidewall of the first conductive layer.
The first light shielding layer includes a first photoresist and first particles mixed within the first
photoresist.

[0006] In an embodiment of the invention, a material of the first photoresist includes a phenolic
resin, an acrylic resin, a siloxane or a combination thereof.

[0007] In an embodiment of the invention, a material of the first particles includes carbon,
titanium oxide, titanium nitride or a combination thereof.

[0008] In an embodiment of the invention, the first particles are light absorbing particles.
[0009] In an embodiment of the invention, the first light shielding layer includes a first light
shielding pattern and a second light shielding pattern.  The first light shielding pattern is disposed
on a top surface of the first end of the thin film transistor and a sidewall of the first end of the thin
film transistor. The second light shielding pattern is disposed on a top surface of the second end
of the thin film transistor and a sidewall of the second end of the thin film transistor. A gap is
provided between the first light shielding pattern and the second light shielding pattern.

[0010] In an embodiment of the invention, a width of the gap is L, and L > 0.5 pum.

[0011] Inanembodiment of the invention, an edge of a vertical projection of the first conductive
layer on the substrate is at a distance d from an edge of a vertical projection of the first light
shielding layer on the substrate, and 0.1 pm < d <1.5 um.

[0012] In an embodiment of the invention, the first end of the thin film transistor, the second
end of the thin film transistor, the control end of the thin film transistor, the first signal line and
the second signal line are formed of the first conductive layer and a second conductive layer. The
pixel structure further includes an insulating layer and a second light shielding layer. The
insulating layer is disposed between the first conductive layer and the second conductive layer.
The second light shielding layer is disposed on a top surface of the second conductive layer and a

sidewall of the second conductive layer. The second light shielding layer includes a second
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photoresist and second particles mixed within the second photoresist.

[0013] In an embodiment of the invention, a material of the second photoresist includes a
phenolic resin, an acrylic resin, a siloxane or a combination thereof.

[0014] In an embodiment of the invention, a material of the second particles includes carbon,
titanium oxide, titanium nitride or a combination thereof.

[0015] Based on the above, since the light shielding layer is disposed on the top surface and the
sidewall of the conductive layer, the light shielding layer can reduce the amount of the ambient
light beam reflected by the top surface of the conductive layer, and can also reduce the amount of
the ambient light beam reflected by the sidewall of the conductive layer. Thereby, the display
panel using the above pixel structure can have good optical performance, for example, high
ambient contrast ratio (ACR).

[0016] Inorder to make the aforementioned and other objectives and advantages of the invention

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1Ato Fig. 1F are top schematic views of a manufacturing process of a pixel structure
PX according to an embodiment of the invention.
[0018] Fig. 2A to Fig. 2F are cross-sectional schematic views of the manufacturing process of
a pixel structure PX according to an embodiment of the invention.
[0019] Fig. 3 is a partial enlarged schematic view of a light shielding layer 160 according to an
embodiment of the invention.
[0020] Fig. 4 is atop schematic view of a pixel structure PX-1 according to another embodiment
of the invention.
[0021] Fig. 5 isacross-sectional schematic view of the pixel structure PX-1 according to another
embodiment of the invention.

[0022] Fig. 6 is a partial enlarged schematic view of a light shielding layer 190" according to an
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embodiment of the invention.
[0023] Fig. 7 is a top schematic view of a pixel structure PX-2 according to still another
embodiment of the invention.
[0024] Fig. 8 is a cross-sectional schematic view of the pixel structure PX-2 according to still

another embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0025] Reference will now be made in detail to the present exemplary embodiments of the
invention, examples of which are illustrated in the accompanying drawings. Wherever possible,
the same reference numbers are used in the drawings and the description to refer to the same or
like parts.

[0026] In the accompanying drawings, the thicknesses of layers, films, panels, regions, and the
like are enlarged for clarity. Throughout the specification, same reference numerals indicate
same components. It should be understood that when a component such as a layer, film, region
or substrate is referred to as being "on™ or "connected"” to another component, it may be directly
on or connected to the another component, or intervening components may also be present. In
contrast, when a component is referred to as being "directly on" or "directly connected to" another
component, there are no intervening assemblies present.  As used herein, "connection" may refer
to a physical and/or electrical connection.

[0027] As used herein, "about", "approximately", or "substantially" is inclusive of the stated
value and means within an acceptable range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement in question and the error associated
with measurement of the particular quantity (i.e., the limitations of the measurement system).
For example, “about” can mean within one or more standard deviations, or within +£30%, £20%,
+10%, +5% of the stated value. Further, as used herein, "about", "approximately"”, or

"substantially" may depend on optical properties, etch properties, or other properties to select a
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more acceptable range of deviations or standard deviations without one standard deviation for all
properties.

[0028] Unless otherwise defined, all terms (including technical and scientific terms) used herein
have the same meaning as commonly understood by one of ordinary skill in the art to which the
invention belongs. It will be further understood that terms such as those defined in commonly
used dictionaries should be interpreted as having a meaning that is consistent with their meaning
in the context of the relevant art and the invention and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0029] Fig. 1Ato Fig. 1F are top schematic views of a manufacturing process of a pixel structure
PX according to an embodiment of the invention.

[0030] Fig. 2A to Fig. 2F are cross-sectional schematic views of the manufacturing process of
a pixel structure PX according to an embodiment of the invention.  Fig. 2A to Fig. 2F respectively
correspond to line I-1' of Fig. 1A to Fig. 1F.

[0031] The manufacturing process and the configuration of the pixel structure PX according to
an embodiment of the invention will be illustrated below with reference to Fig. 1A to Fig. 1F and
Fig. 2A to Fig. 2F.

[0032] Referring to Fig. 1A and Fig. 2A, firstly, a substrate 110 is provided. For example, in
the present embodiment, the material of the substrate 110 may be glass, quartz, an organic polymer,
or an opaque/reflective material (such as wafer, ceramic, or other suitable materials), or other
suitable materials.

[0033] Next, a conductive layer 120 is formed on the substrate 110. The conductive layer 120
includes a conductive pattern 121 and a second signal line 122 connected to the conductive pattern
121. Inthe present embodiment, the conductive pattern 121 may be used as a control end of the
thin film transistor T (shown in Fig. 1D and Fig. 2D), and the second signal line 122 may be a
scan line.

[0034] For example, in the present embodiment, the conductive layer 120 may include
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molybdenum (Mo) and copper (Cu) stacked on the molybdenum. However, the invention is not
limited thereto, and according to other embodiments, the conductive layer 120 may also use other
conductive materials, such as an alloy, a nitride of a metal material, an oxide of a metal material,
an oxynitride of a metal material, or a stacked layer of a metal material and other conductive
materials.

[0035] Next, an insulating layer 130 is formed to cover the conductive layer 120 and a portion
of the substrate 110. In the present embodiment, the insulating layer 130 may also be referred to
as a gate insulating layer. The material of the insulating layer 130 may be an inorganic material
(for example, silicon oxide, silicon nitride, silicon oxynitride, or a stacked layer of at least two
materials described above), an organic material, or a combination thereof.

[0036] Referring to Fig. 1B and Fig. 2B, next, a semiconductor pattern 140 is formed on the
insulating layer 130. For example, in the present embodiment, the material of the semiconductor
pattern 140 may be of a single-layer or a multilayer structure including amorphous silicon,
polycrystalline silicon, microcrystalline silicon, monocrystalline silicon, an organic
semiconductor material, an oxide semiconductor material (for example, indium zinc oxide, indium
gallium zinc oxide, or other suitable materials, or a combination thereof), or other suitable
materials, or the above materials containing a dopant, or a combination thereof.

[0037] Referringto Fig. 1C and Fig. 2C, next, a conductive material layer 150 is formed to cover
the semiconductor pattern 140 and a portion of the insulating layer 130. For example, in the
present embodiment, the conductive material layer 150 may include molybdenum (Mo) and
copper (Cu) stacked on the molybdenum. However, the invention is not limited thereto, and
according to other embodiments, the conductive layer 120 may also use other conductive materials,
such as an alloy, a nitride of a metal material, an oxide of a metal material, an oxynitride of a metal
material, or a stacked layer of a metal material and other conductive materials.

[0038] Referring to Fig. 1C and Fig. 2C, next, a light shielding layer 160 is formed on the

conductive material layer 150. The light shielding layer 160 is used as a shield for patterning the
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conductive material layer 150. In the present embodiment, the light shielding layer 160 may
include a light shielding pattern 161, a light shielding pattern 162 separated from the light
shielding pattern 161, and a light shielding line 163 connected to the light shielding pattern 161.
[0039] Fig. 3 is a partial enlarged schematic view of a light shielding layer 160 according to an
embodiment of the invention. Referring to Fig. 1C, Fig. 2C and Fig. 3, the light shielding layer
160 includes a photoresist 160a and particles 160b mixed within the photoresist 160a. The light
shielding layer 160 can absorb light. The particles 160b are light absorbing particles. In the
present embodiment, the light shielding layer 160 may be a black photoresist, but the invention is
not limited thereto.

[0040] For example, in the present embodiment, the material of the photoresist 160a may
include a phenolic resin, an acrylic resin, a siloxane or a combination thereof. The material of
the particles 160b may include carbon, titanium oxide, titanium nitride or a combination thereof,
but the invention is not limited thereto.

[0041] Referring to Fig. 1C, Fig. 1D, Fig. 2C and Fig. 2D, next, the conductive material layer
150 is patterned by using the light shielding layer 160 as a shield to form a conductive layer 150'.
The insulating layer 130 is disposed between the conductive layer 150" and the conductive layer
120. The conductive layer 150" includes a conductive pattern 151, a conductive pattern 152 and
afirst signal line 153.  The conductive pattern 151, the conductive pattern 152 and the first signal
line 153 substantially coincide with the light shielding pattern 161, the light shielding pattern 162
and the light shielding line 163 respectively.

[0042] The conductive pattern 151 and the conductive pattern 152 are separated from each other
and electrically connected to two different regions of the semiconductor pattern 140 respectively.
The conductive pattern 151 is connected to the first signal line 153. In the present embodiment,
the conductive pattern 151 may be used as a first end of the thin film transistor T, the conductive
pattern 152 may be used as a second end of the thin film transistor T, and the first signal line 153

may be a data line.
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[0043] The conductive pattern 121 (i.e., the control end), the insulating layer 130, the
semiconductor pattern 140, the conductive pattern 151 (i.e., the first end) and the conductive
pattern 152 (i.e., the second end) constitute a thin film transistor T. In the present embodiment,
the conductive pattern 121 as the control end is disposed below the semiconductor pattern 140,
and the thin film transistor T may be a bottom gate TFT. However, the invention is not limited
thereto. According to other embodiments, the thin film transistor T may also be a top gate TFT
or other suitable type of thin film transistor.

[0044] Referring to Fig. 1D, Fig. 1E, Fig. 2D and Fig. 2E, next, the light shielding layer 160 is
heated to reflow the light shielding layer 160 to form a light shielding layer 160'. The reflowed
light shielding layer 160" is disposed not only on top surfaces 151a, 152a, and 153a of the
conductive layer 150', but also on sidewalls 151b, 152b, and 153b of the conductive layer 150'.
In the present embodiment, the heating temperature may be 130°C to 230°C. The heating time
may be 10 minutes or 20 minutes, but the invention is not limited thereto. In an embodiment,
the heating temperature may be 160°C to 230°C. In other embodiments, the heating temperature
may be 190°C to 230°C. The material of the reflowed light shielding layer 160" is the same as
that of the light shielding layer 160 described above, and the descriptions thereof are omitted here.
[0045] Referring to Fig. 1E and Fig. 2E, in the present embodiment, the reflowed light shielding
layer 160" includes a light shielding pattern 161", a light shielding pattern 162" separated from the
light shielding pattern 161', and a light shielding line 163" connected to the light shielding pattern
161'. The reflowed light shielding pattern 161' covers the top surface 151a and the sidewall 151b
of the conductive pattern 151 of the thin film transistor T. The reflowed light shielding pattern
162' covers the top surface 152a and the sidewall 152b of the conductive pattern 152 of the thin
film transistor T. The reflowed light shielding line 163" covers the top surface 153a and the
sidewall 153b of the first signal line 153.

[0046] In the present embodiment, the light shielding layer 160" may have conductivity, and a

gap (i.e., at the mark L) is provided between the light shielding pattern 161" and the light shielding
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pattern 162" which respectively cover the conductive patterns 151 and 152 (i.e., the first end and
the second end) of the thin film transistor T. The gap (i.e., at the mark L) is overlapped with the
semiconductor pattern 140 of the thin film transistor T. For example, in the arrangement
direction x of the conductive pattern 151 and the conductive pattern 152, the gap between the light
shielding pattern 161" and the light shielding pattern 162" has a width L, and L > 0.5 um, but the
invention is not limited thereto.

[0047] An edge of a vertical projection of the conductive layer 150" on the substrate 110 is at a
distance d (shown in Fig. 2E) from an edge of a vertical projection of the reflowed light shielding
layer 160" on the substrate 110. For example, in the present embodiment, 0.1 um <d < 1.5 um,
but the invention is not limited thereto.

[0048] Referring to Fig. 1F and Fig. 2F, in the present embodiment, next, an insulating layer
170 is formed to cover the reflowed light shielding layer 160', a portion of the semiconductor
pattern 140 and a portion of the insulating layer 130. Then, on the insulating layer 170, a pixel
electrode 180 is formed. In the present embodiment, the pixel electrode 180 may be electrically
connected to the conductive pattern 152 (i.e., the second end of the thin film transistor T) through
a contact window 172 of the insulating layer 170 and the light shielding pattern 162'. Thus, the
pixel structure PX of the present embodiment is completed.

[0049] It is worth noting that the reflowed light shielding layer 160" covers not only the top
surfaces 151a, 152a, and 153a of the conductive layer 150', but also the sidewalls 151b, 152b, and
153b of the conductive layer 150'. That is, the light shielding layer 160" can reduce the amount
of the ambient light beam (not shown) reflected by the top surfaces 151a, 152a, and 153a of the
conductive layer 150', and can also reduce the amount of the ambient light beam reflected by the
sidewalls 151b, 152b, and 153b of the conductive layer 150'. Thereby, the display panel using
the pixel structure PX can have good optical performance, for example, high ambient contrast ratio
(ACR).

[0050] Fig. 4 is atop schematic view of a pixel structure PX-1 according to another embodiment
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of the invention.

[0051] Fig. 5isacross-sectional schematic view of the pixel structure PX-1 according to another
embodiment of the invention. Fig. 5 corresponds to line I-1' of Fig. 4.

[0052] Referring to Fig. 1F, Fig. 2F, Fig. 4 and Fig. 5, the pixel structure PX-1 of the present
embodiment is similar to the pixel structure PX described above, and the difference between the
two is as follows.

[0053] Referring to Fig. 4 and Fig. 5, in the present embodiment, a top surface 121a and a
sidewall 121b of the conductive layer 120 are provided with a reflowed light shielding layer 190,
and the top surfaces 151a, 152a, and 153a and the sidewalls 151b, 152b, and 153b of the other
conductive layer 150" are not provided with the reflowed light shielding layer 160'".

[0054] Fig. 6 is a partial enlarged schematic view of a light shielding layer 190" according to an
embodiment of the invention. Referring to Fig. 4, Fig. 5 and Fig. 6, the light shielding layer 190'
includes a photoresist 190a and particles 190b mixed within the photoresist 190a. The light
shielding layer 190' can absorb light. The particles 190b are light absorbing particles. In the
present embodiment, the light shielding layer 190" may be a black photoresist, but the invention is
not limited thereto.

[0055] For example, in the present embodiment, the material of the photoresist 190a may
include a phenolic resin, an acrylic resin, a siloxane or a combination thereof. The material of
the particles 190b may include carbon, titanium oxide, titanium nitride or a combination thereof,
but the invention is not limited thereto.

[0056] In the present embodiment, the conductive layer 120 also includes a conductive pattern
121 (i.e., the control end of the thin film transistor T) and a second signal line connected to the
conductive pattern 121 (not shown in Fig. 4 and Fig. 5, but reference may be made to the second
signal line 122 of Fig. 1F), and the reflowed light shielding layer 190" includes a light shielding
pattern 191" and a light shielding line 192'.  The light shielding pattern 191' covers the top surface

121a and the sidewall 121b of the conductive pattern 121, and the light shielding line 192' covers
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the top surface and the sidewall (not shown) of the second signal line.

[0057] Fig. 7 is a top schematic view of a pixel structure PX-2 according to still another
embodiment of the invention.

[0058] Fig. 8 is a cross-sectional schematic view of the pixel structure PX-2 according to still
another embodiment of the invention. Fig. 8 corresponds to line I-1I' of Fig. 7.

[0059] Referring to Fig. 7 and Fig. 8, the pixel structure PX-2 of the present embodiment is
similar to the pixel structures PX and PX-1 described above, and the difference is as follows: in
the present embodiment, the top surface 121a and the sidewall 121b of the conductive layer 120
are provided with the reflowed light shielding layer 190", and the top surfaces 151a, 152a, and
153a and the sidewalls 151b, 152b, and 153b of the other conductive layer 150" are also provided
with the reflowed light shielding layer 160".

[0060] Based on the above, the pixel structure according to an embodiment of the invention
includes a substrate, a thin film transistor disposed on the substrate and having a first end, a second
end and a control end, a first signal line electrically connected to the first end of the thin film
transistor, a second signal line electrically connected to the control end of the thin film transistor,
a pixel electrode electrically connected to the second end of the thin film transistor and a reflowed
light shielding layer. At least one of the first end of the thin film transistor, the second end of the
thin film transistor, the control end of the thin film transistor, the first signal line and the second
signal line is formed of a conductive layer.

[0061] In particular, the reflowed light shielding layer is disposed on the top surface and the
sidewall of the conductive layer. That is, the reflowed light shielding layer can reduce the
amount of the ambient light beam reflected by the top surface of the conductive layer, and can
also reduce the amount of the ambient light beam reflected by the sidewall of the conductive layer.
Thereby, the display panel using the pixel structure can have good optical performance, for
example, high ambient contrast ratio (ACR).

[0062] Although the invention is described with reference to the above embodiments, the
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embodiments are not intended to limit the invention. A person of ordinary skill in the art may
make variations and modifications without departing from the spirit and scope of the invention.

Therefore, the protection scope of the invention should be subject to the appended claims.
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WHAT IS CLAIMED IS:

1. A pixel structure, comprising:

a substrate;

a thin film transistor, disposed on the substrate and comprising a first end, a second
end and a control end,;

a first signal line, electrically connected to the first end of the thin film transistor;

a second signal line, electrically connected to the control end of the thin film transistor;

a pixel electrode, electrically connected to the second end of the thin film transistor,
wherein at least one of the first end of the thin film transistor, the second end of the thin film
transistor, the control end of the thin film transistor, the first signal line and the second signal line
is formed of a first conductive layer; and

a first light shielding layer, disposed on a top surface of the first conductive layer and
a sidewall of the first conductive layer, wherein the first light shielding layer comprises a first
photoresist and first particles mixed within the first photoresist.

2. The pixel structure according to claim 1, wherein a material of the first photoresist
comprises a phenolic resin, an acrylic resin, a siloxane or a combination thereof.

3. The pixel structure according to claim 1, wherein a material of the first particles
comprises carbon, titanium oxide, titanium nitride or a combination thereof.

4. The pixel structure according to claim 1, wherein the first particles are light
absorbing particles.

5. The pixel structure according to claim 1, wherein the first light shielding layer
comprises:

a first light shielding pattern, disposed on a top surface of the first end of the thin film
transistor and a sidewall of the first end of the thin film transistor; and

a second light shielding pattern, disposed on a top surface of the second end of the thin

film transistor and a sidewall of the second end of the thin film transistor,
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wherein a gap is provided between the first light shielding pattern and the second light
shielding pattern.

6. The pixel structure according to claim 5, wherein a width of the gap is L, and L >
0.5 pm.

7. The pixel structure according to claim 1, wherein an edge of a vertical projection
of the first conductive layer on the substrate is at a distance d from an edge of a vertical projection
of the first light shielding layer on the substrate, and 0.1 um <d < 1.5 um.

8. The pixel structure according to claim 1, wherein the first end of the thin film
transistor, the second end of the thin film transistor, the control end of the thin film transistor, the
first signal line and the second signal line are formed of the first conductive layer and a second
conductive layer, and the pixel structure further comprises:

an insulating layer, disposed between the first conductive layer and the second
conductive layer; and

a second light shielding layer, disposed on a top surface of the second conductive layer
and a sidewall of the second conductive layer, wherein the second light shielding layer comprises
a second photoresist and second particles mixed within the second photoresist.

9. The pixel structure according to claim 8, wherein a material of the second
photoresist comprises a phenolic resin, an acrylic resin, a siloxane or a combination thereof.

10. The pixel structure according to claim 8, wherein a material of the second particles

comprises carbon, titanium oxide, titanium nitride or a combination thereof.
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