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1
DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of U.S. patent appli-
cation Ser. No. 15/363,289, filed on Nov. 29, 2016 and
entitled “Display device”, now U.S. Pat. No. 9,911,762,
which claims priority of Taiwan Patent Application No.
105115275, filed on May 18, 2016, and claims the benefit of
U.S. Provisional Application No. 62/262,430, filed on Dec.
3, 2015, the entirety of which is incorporated by reference
herein.

BACKGROUND
Technical Field

The disclosure relates to a display device, and in particu-
lar it relates to an array substrate structure of the display
device.

Description of the Related Art

The processes for manufacturing a general liquid-crystal
display of thin film transistor (TFT-LCD) can be classified
to three major parts. The tint part is called the array process,
which manufactures a color filter substrate and an array
substrate for driving and display signals. The second part is
called the cell process, which controls, fills, and seals
liquid-crystal in a cell between the array substrate and the
color filter substrate. The third part is called the module
process, which assembles a polarizer, a backlight module,
and a liquid-crystal panel. In the array process, a silicon
oxide layer and a silicon nitride layer are often selected as
insulating layers between different conductive layers. How-
ever, the silicon oxide layer and the silicon nitride layer have
different refractive indexes, so the interface thereof can
easily partially reflect light. In other words, the light cannot
totally pass through the interface of the silicon oxide layer
and the silicon nitride layer. As such, the aperture ratio of the
aperture region in the pixels of the array substrate will be
reduced.

Accordingly, a novel array substrate structure is required
for overcoming the above problems.

BRIEF SUMMARY

One embodiment of the disclosure provides a display
device, including: a substrate including a pixel region; a
metal oxide semiconductor transistor disposed over the
substrate and including: a metal oxide semiconductor layer,
a first gate electrode overlapping with the metal oxide
semiconductor layer; and a gate insulating layer disposed
between the metal oxide semiconductor layer and the first
gate electrode, and the gate insulating layer having a first
opening, wherein the first opening and the pixel region
overlap; a second insulating layer disposed over the metal
oxide semiconductor layer and having a via and a second
opening, wherein the second opening and the pixel region
overlap; and a pixel electrode electrically connected to the
metal oxide semiconductor layer through the via.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure can be more fully understood by reading
the subsequent detailed description and examples with ref-
erences made to the accompanying drawings, wherein:
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FIGS. 1 to 8 and 12 to 19 are cross-sectional views of
array substrate structures in embodiments of the disclosure;

FIGS. 9A to 9], 10A to 10C, and 11A to 11B are
cross-sectional views of array substrate structures during
manufacturing processes in one embodiment of the disclo-
sure;

FIG. 20 shows a cross-sectional view of a polysilicon
transistor and a metal oxide semiconductor transistor utiliz-
ing bottom gate structures in one embodiment of the dis-
closure; and

FIG. 21 shows a display device in one embodiment of the
disclosure.

DETAILED DESCRIPTION

The following description is of the best-contemplated
mode of carrying out the disclosure. This description is
made for the purpose of illustrating the general principles of
the disclosure and should not be taken in a limiting sense.
The scope of the disclosure is best determined by reference
to the appended claims.

The polysilicon transistor has a high switch-on current
() and a high carrier mobility, and the metal oxide
semiconductor transistor has a low switch-off current (T )
and excellent uniformity. The polysilicon transistor and the
metal oxide semiconductor transistor are integrated accord-
ing to the properties to be both used in a display panel of the
disclosure. For example, the polysilicon transistor and the
metal oxide semiconductor transistor are both used in a
driving circuit, which can be vertically stacked (or horizon-
tally arranged) and electrically connected to form the desired
circuit structure. Alternatively, the polysilicon transistor and
the metal oxide semiconductor transistor are collocated in
the pixel region to achieve switch, compensating, or the like
circuit design.

In following embodiments, the polysilicon transistor is
arranged in the driving circuit, and the metal oxide semi-
conductor transistor is arranged in the pixel region to include
both the advantages. The polysilicon transistor is electrically
connected to the metal oxide semiconductor transistor.

In one embodiment, a cross-sectional view of an array
substrate structure 100@ is shown in FIG. 1. The array
substrate structure 100a is divided to a plurality of pixel
regions 10a and a driving circuit 10b. Each of the pixel
regions 10a includes a metal oxide semiconductor transistor
11a and an aperture region 110, and the driving circuit 106
includes an n-type polysilicon transistor 11z and a p-type
polysilicon transistor 11p. The metal oxide semiconductor
transistor 11a disposed over the substrate. The metal oxide
semiconductor transistor 11a comprises a metal oxide semi-
conductor layer, a first gate electrode and a silicon oxide
insulating layer. In another embodiment, the driving circuit
105 may include only the n-type polysilicon transistor 11z or
only the p-type polysilicon transistor 11p if necessary. The
array substrate structure 100a includes a substrate 13, which
can comprise a transparent material such as glass or plastic,
and is not limited thereto. Light shielding layers 14 are
disposed over the substrate 13 to correspond to the polysili-
con layers 17 of the n-type polysilicon transistor 11z and the
p-type polysilicon transistor 11p. The light shielding layer
14 1s also disposed over the substrate 13 to correspond to the
metal oxide semiconductor layer 27 (of the metal oxide
semiconductor transistor 11a). The term “disposed over”
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
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second features may not be in direct contact. The light
shielding layers 14 can comprise of black resin or metal such
as chromium, and is not limited thereto. The light shielding
layers 14 can be formed by sputtering and then patterned by
lithography and etching. A buffer layer 15 is disposed over
the light shielding layers 14. The buffer layer 15 can be
formed by chemical vapor deposition (CVD) and can com-
prise silicon nitride, and is not limited thereto. A buffer layer
19a is disposed over the buffer layer 15. The buffer layer 192
can be formed by CVD and can comprise silicon oxide, and
is not limited thereto. Polysilicon layers 17 are disposed over
the buffer layer 19a to correspond to the polysilicon tran-
sistors 117 and 11p. The polysilicon layers 17 can comprise
low-temperature polysilicon (LIPS), and is not limited
thereto. In one embodiment, a light-shielding photoresist
pattern defined by lithography is used to protect the middle
part of the polysilicon layers 17 (e.g. a channel regions 17¢),
and ions are implanted at both sides of the channel regions
17¢ to define source regions 17s and drain regions 17d. The
photoresist pattern can optionally be removed by wet strip-
ping or dry stripping.

A buffer layer 195 is disposed over the polysilicon layers
17 and the buffer layer 19a. The buffer layer 194 can be
formed by CVD and can comprise silicon oxide, and is not
limited thereto. Gate electrodes 21 are disposed over the
buffer layer 195, and the gate electrodes 21 can comprise
metal, and are not limited thereto. The gate electrodes can be
formed by sputtering and then patterned by lithography and
etching. For the polysilicon transistors 11z and 11p, the gate
electrodes 21 correspond to the channel regions 17¢, and the
gate insulating layer between the channel regions 17¢ and
the gate electrodes 21 is the buffer layer 195. An ILD (inter
layer dielectric) layer 23 is disposed over the gate electrodes
21 and the buffer layer 195. The ILD layer 23 can be formed
by CVD and can comprise silicon nitride, and is not limited
thereto. An ILD layer 25 is disposed over the ILD layer 23.
The ILD layer 25 can be formed by CVD and can comprise
silicon oxide, and is not limited thereto.

A metal oxide semiconductor layer 27 is disposed over the
ILD layer 25 to correspond to the gate electrode 21 of the
metal oxide semiconductor transistor 11a. The metal oxide
semiconductor layer 27 can be indium gallium zinc oxide
(IGZ0), and is not limited thereto. The metal oxide semi-
conductor layer 27 can be formed by sputtering and then
patterned by lithography and etching. Note that the channel
region of the metal oxide semiconductor layer 27 should not
be exposed to light or contacts any silicon nitride layer in
order not to be transferred from semiconductor to conductor.
For the metal oxide semiconductor transistor 11a, the gate
insulating layer between the channel layer (metal oxide
semiconductor layer 27) and the gate electrode 21 is the ILD
layers 23 and 25, e.g. a bi-layered structure of silicon oxide
and silicon nitride, wherein the silicon oxide layer is dis-
posed between the silicon nitride layer and the metal oxide
semiconductor layer 27. Note that if the arranged order of
the gate insulating layer is exchanged, e.g. the silicon nitride
layer is disposed between the silicon oxide layer and the
metal oxide semiconductor layer 27, the electrical perfor-
mance of the metal oxide semiconductor layer 27 will be
degraded due to contacting the silicon nitride layer.

Source lines 2911, drain lines 2912, a source electrode
295, and a drain electrode 294 are formed on the ILD layer
25. The source lines 2911 are disposed over the source
regions 17s, and the source lines 2911 are connected to the
source regions 17s by vias 29/ through the ILD layer 25, the
ILD layer 23, and the buffer layer 195. The drain lines 291.2
are disposed over the drain regions 17d, and the drain lines
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2912 are connected to the drain regions 17d by vias 29/
through the ILD layer 25, the ILD layer 23, and the buffer
layer 195. The source electrode 29s and the drain electrode
29d are disposed over both sides of the metal oxide semi-
conductor layer 27 respectively. The vias 29/ can be pre-
pared by forming holes through the ILD layer 25, the ILD
layer 23, and the buffer layer 195 by lithography and
etching. Metal is filled into the holes and a metal layer is
then formed on the ILD layer 25. The metal layer is then
patterned by lithography and etching to define the source
lines 2911, the drain lines 291.2, the source electrode 29s,
and the drain electrode 294.

An insulating layer 31 is disposed over the ILD layer 25,
the metal oxide semiconductor layer 27, the source lines
2911, the drain lines 291.2, the source electrode 29s, and the
drain electrode 29d. The insulating layer 31 can be formed
by CVD and can comprise silicon oxide, and is not limited
thereto. The insulating layer 31 and the ILD layer 25 have
an opening 33 corresponding to the aperture region 110. The
opening 33 can be formed by lithography and etching. Note
that the exposure step in the lithography can be performed
by exposing from the bottom, in which the light shielding
layers 14, the source lines 2911, the drain lines 291.2, the
source electrode 29s, and the drain electrode 294 serve as the
photomask, thereby omitting a photomask to reduce the cost.
After the lithography by exposing from the bottom followed
by etching, edges of the silicon oxide layers such as the
insulating layer 31 and the ILD layer 25 will be corre-
sponded to an edge of the mask. Because the gate electrode
21 of the metal oxide semiconductor transistor 11a may
shield the light, the light shielding layer 14 in the metal
oxide semiconductor transistor 11¢ can be optionally omit-
ted. In some embodiments, the opening 33 may extend
downward to penetrate through the ILD layer 23, the buffer
layer 195, the buffer layer 19a, and even the buffer layer 15.

An insulating layer 35 is disposed over the insulating
layer 31 and in the opening 33. The insulating layer 35 can
be formed by CVD and can comprise silicon nitride, and is
not limited thereto. In this embodiment, the insulating layer
35 may directly contact the ILD layer 23 through the
opening 33. An organic insulating layer 37 is disposed over
the insulating layer 35, which can be formed by spin-on
coating to provide an insulating surface for stacking films
subsequently. A common electrode 39 is disposed over the
organic insulating layer 37, which mainly corresponds to the
pixel region 10a. The common electrode 39 can comprise
transparent conductive material such as indium tin oxide
(ITO), and is not limited thereto. The common electrode 39
can be formed by sputtering and then patterned by lithog-
raphy and etching. An insulating layer 41 is disposed over
the common electrode 39 and the organic insulating layer
37. The insulating layer 41 can be formed by CVD and can
comprise silicon nitride, and is not limited thereto.

A pixel electrode 43p is disposed over the insulating layer
41. A part of the pixel electrode 43p is disposed over the
drain electrode 294, and the pixel electrode 43p is connected
to the drain electrode 29d by a via 43/ penetrating through
the insulating layer 41, the organic insulating layer 37, the
insulating layer 35, and the insulating layer 31. The via 43/
can be prepared by forming a hole through the insulating
layer 41, the organic insulating layer 37, the insulating layer
35, and the insulating layer 31 by lithography and etching.
The transparent conductive material such as ITO is filled
into the hole and formed a transparent conductive material
layer on the insulating layer 41. The transparent conductive
material layer is then patterned by lithography and etching
to define the pixel electrode 43p.
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In FIG. 1, the polysilicon transistors 11z and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the insulating layer 31) over the metal oxide
semiconductor layer 27, and silicon oxide layer (e.g. the ILD
layer 25) between the metal oxide semiconductor layer 27
and the gate electrode 21 have an opening 33 cortresponding
to the aperture region 110, as shown in FIG. 1. As such, the
interface between the silicon oxide layer and the silicon
nitride layer in the aperture region 1lo can be reduced,
thereby improving the light transmittance of the array sub-
strate structure 100a. Note that the opening 33 can be
formed not only in the aperture region 1lo of the pixel
region 10a but also in the driving circuit 104 determined by
the photomask design.

In the following embodiments, if the material and the
formation method of the elements with the same numerals
are similar to that of the above elements, details will not be
described. In one embodiment, a cross-sectional view of an
array substrate structure 1005 is shown in FIG. 2. In FIG. 2,
the relative locations of the pixel region 10a, the driving
circuit 105, the metal oxide semiconductor transistor 11a,
the aperture region 11o, and the polysilicon transistors 11
and 11p are similar to those in FIG. 1. Light shielding layers
14 are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the n-type polysilicon transistor 117
and the p-type polysilicon transistor 11p. The light shielding
layer 14 is also disposed over the substrate 13 to correspond
to the metal oxide semiconductor layer 27 of the metal oxide
semiconductor transistor 11a. A buffer layer 15 is disposed
over the light shielding layers 14, and a buffer layer 194 is
disposed over the buffer layer 15. Polysilicon layers 17 (such
as the source regions 17s, the channel regions 17¢, and the
drain regions 17d) are disposed over the buffer layer 194 to
correspond to the polysilicon transistors 11z and 11p. A
buffer layer 195 is disposed over the polysilicon layers 17
and the buffer layer 194, and the gate electrodes 21 are
disposed over the buffer layer 194. For the polysilicon
transistors 11z and 11p, the gate electrodes 21 are disposed
over the channel regions 17¢, and a gate insulation layer
such as the buffer layer 195 is disposed therebetween.

An ILD layer 23 is disposed over the gate electrodes 21
and the buffer layer 196, and an ILD layer 25 is disposed
over the ILD layer 23. A metal oxide semiconductor layer 27
is disposed over the ILD layer 25 to correspond to the gate
electrode 21 of the metal oxide semiconductor transistor
11a. For the metal oxide semiconductor transistor 11a, the
gate insulating layer between the channel layer (metal oxide
semiconductor layer 27) and the gate electrode 21 is the ILD
layers 23 and 25. Source lines 2911, drain lines 291.2, a
source electrode 29s, and a drain electrode 294 are formed
on the ILD layer 25. The source lines 2911 are disposed over
the source regions 17s, and the source lines 29L1 are
connected to the source regions 17s by vias 29/ penetrating
through the ILD layer 25, the ILD layer 23, and the buffer
layer 195. The drain lines 2912 are disposed over the drain
regions 17d, and the drain lines 291.2 are connected to the
drain regions 17d by vias 29/ penetrating through the ILD
layer 25, the ILD layer 23, and the buffer layer 195. The
source electrode 29s and the drain electrode 294 are dis-
posed over both sides of the petal oxide semiconductor layer
27.

The ILD layer 25 has an opening 33 corresponding to the
aperture region 1lo. The opening 33 can be formed by
lithography and etching. Note that the exposure step in the
lithography can be exposing from the bottom, in which the
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light shielding layers 14, the source lines 2911, the drain
lines 2912, the source electrode 29s, and the drain electrode
29d serve as the photomask, thereby omitting a photomask
to reduce the cost. After the lithography by exposing from
the bottom and etching, an edge of the ILD layer 25 (silicon
oxide layer) will be corresponded to an edge of the mask.
Because the gate electrode 21 of the metal oxide semicon-
ductor transistor 11a may shield the light, the light shielding
layer 14 in the metal oxide semiconductor transistor 11a can
be optionally omitted. In some embodiments, the opening 33
may extend downward to penetrate through the ILD layer
23, the buffer layer 195, the buffer layer 194, and even the
buffer layer 15.

An organic insulating layer 37 is disposed in the opening
33 and over the ILD layer 25, the metal oxide semiconductor
layer 27, the source lines 2911, the drain lines 2912, the
source electrode 29s, and the drain electrode 294. A common
electrode 39 is disposed over the organic insulating layer 37,
which mainly corresponds to the pixel region 10a. An
insulating layer 41 is disposed over the common electrode
39 and the organic insulating layer 37. A pixel electrode 43p
is disposed over the insulating layer 41. A part of the pixel
electrode 43p 1s disposed over the drain electrode 294, and
the pixel electrode 43p is connected to the drain electrode
29d by a via 43 penetrating through the insulating layer 41
and the organic insulating layer 37. In this embodiment, the
organic insulating layer 37 may directly contact the ILD
layer 23 through the opening 33. In FIG. 2, the polysilicon
transistors 117 and 11p in the driving circuit 105 belong to
a top gate structure, and the metal oxide semiconductor
transistor 11a in the pixel region 10a belongs to a bottom
gate structure. The silicon oxide layer (e.g. the ILD layer 25)
between the metal oxide semiconductor layer 27 and the
gate electrode 21 has an opening 33 corresponding to the
aperture region 110, as shown in FIG. 2. As such, the number
of the interface between the silicon oxide layer and the
silicon nitride layer in the aperture region 1lo can be
reduced, thereby improving the light transmittance of the
array substrate structure 1005.

In one embodiment, a cross-sectional view of an array
substrate structure 100c is shown in FIG. 3. In FIG. 3, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 1la, the
aperture region 11o, and the polysilicon transistors 11z and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 117 and
11p. The light shielding layer 14 is also disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 corresponding
to the metal oxide semiconductor transistor 11a also serves
as the gate electrode of the metal oxide semiconductor
transistor 11a, so the light shielding layers 14 must be
comprise a conductive material such as metal, and is not
limited thereto. In other words, the gate electrode and the
light shielding layer 14 correspond to the same layer. The
light shielding layers 14 can be formed by deposition and
then patterned by lithography and etching.

A buffer layer 15 is disposed over the substrate 13 and the
light shielding layers 14, and a buffer layer 19a is disposed
over the buffer layer 15. The polysilicon layers 17 (such as
the source regions 17s, the channel regions 17¢, and the
drain regions 17d) are disposed over the buffer layer 194 to
correspond to the polysilicon transistors 11z and 11p. A
buffer layer 195 is disposed over the polysilicon layers 17
and the buffer layer 19a. The gate electrodes 21 and a gate
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line 21" are disposed over the buffer layer 195. For the
polysilicon transistors 11z and 11p, the gate electrodes 21
are disposed over the channel regions 17¢, and a gate
insulation layer such as the buffer layer 194 is disposed
therebetween. In the metal oxide semiconductor transistor
11a, the gate line 21' and the light shielding layer 14 are
connected by a via 21/ penetrating through the buffer layers
194, 194, and 15. The via 214 can be prepared by forming
holes through the buffer layers 195, 194, and 15 by lithog-
raphy and etching. Metal is filled into the hole and a metal
layer is then formed on the buffer layer 195. The metal layer
is then patterned by lithography and etching to define the
gate electrodes 21 and the gate line 21'.

An ILD layer 23 is disposed over the gate electrodes 21,
the gate line 21', and the buffer layer 195. An ILD layer 25
is disposed over the ILD layer 23. A metal oxide semicon-
ductor layer 27 is disposed over the ILD layer 25 to
correspond to the gate electrode (the light shielding layer 14)
of the metal oxide semiconductor transistor 11a. For the
metal oxide semiconductor transistor 114, the gate insulating
layer between the channel layer (metal oxide semiconductor
layer 27) and the gate electrode (the light shielding layer 14)
is the ILD layers 23 and 25 and the buffer layers 195, 19q,
and 15. Source lines 2911, drain lines 2912, a source
electrode 29s, and a drain electrode 294 are formed on the
ILD layer 25. The source lines 2911 are disposed over the
source regions 17s, and the source lines 2911 are connected
to the source regions 17s by vias 29/% penetrating through the
1LD layer 25, the ILD layer 23, and the buffer layer 195. The
drain lines 291.2 are disposed over the drain regions 174, and
the drain lines 291.2 are connected to the drain regions 174
by vias 29% penetrating through the ILD layer 25, the ILD
layer 23, and the buffer layer 195. The source electrode 29s
and the drain electrode 294 are disposed over both sides of
the metal oxide semiconductor layer 27.

An insulating layer 31 is disposed over the source lines
2911, the drain lines 2912, the source electrode 29s, the
drain electrode 294, the metal oxide semiconductor layer 27,
and the ILD layer 25. The insulating layer 31 and the ILD
layer 25 have an opening 33 corresponding to the aperture
region 11o. The opening 33 can be formed by lithography
and etching. Note that the exposure step in the lithography
can be exposing from the bottom, in which the light shield-
ing layers 14, the source lines 2911, the drain lines 2912,
and the source electrode 29s serve as the photomask thereby
omitting a photomask to reduce the cost. After the lithog-
raphy by exposing from the bottom and etching, edges of the
insulating layer 31 and the ILD layer 25 (silicon oxide
layers) will be corresponded to an edge of the mask. In some
embodiments, the opening 33 may extend downward to
penetrate through the ILD layer 23, the buffer layer 195, the
buffer layer 194, and even the buffer layer 15.

An insulating layer 35 is disposed over the insulating
layer 31 and in the opening 33 to contact the ILD layer 23.
An organic insulating layer 37 is disposed over the insulat-
ing layer 35. A common electrode 39 is disposed over the
organic insulating layer 37, which mainly corresponds to the
pixel region 10a. An insulating layer 41 is disposed over the
common electrode 39 and the organic insulating layer 37. A
pixel electrode 43p is disposed over the insulating layer 41.
A part of the pixel electrode 43p is disposed over the drain
electrode 294, and the pixel electrode 43p is connected to the
drain electrode 294 by a via 43/ penetrating through the
insulating layer 41, the organic insulating layer 37, the
insulating layer 35, and the insulating layer 31. In FIG. 3, the
polysilicon transistors 11» and 11p in the driving circuit 106
belong to a top gate structure, and the metal oxide semi-
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conductor transistor 11a in the pixel region 10a, belongs to
a bottom gate structure. The silicon oxide layer (e.g. the ILD
layer 25) between the metal oxide semiconductor layer 27
and the gate electrode (e.g. the light shielding layer 14), and
the silicon oxide layer (e.g. the insulating layer 31) over the
metal oxide semiconductor layer 27 have an opening 33
corresponding to the aperture region 110, as shown in FIG.
3. As such, the number of the interface between the silicon
oxide layer and the silicon nitride layer in the aperture region
11o can be reduced, thereby improving the light transmit-
tance of the array substrate structure 100c.

In one embodiment, a cross-sectional view of an array
substrate structure 1004 is shown in FIG. 4. In FIG. 4, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 11a, the
aperture region 11o, and the polysilicon transistors 11z and
11p are similar to those in FIG. 1. Light shielding lagers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 117 and
11p. The light shielding layers 14 is also disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 corresponding
to the metal oxide semiconductor transistor 11a also serves
as the gate electrode of the metal oxide semiconductor
transistor 114, so the light shielding layers 14 must comprise
a conductive material such as metal, and is not limited
thereto.

A buffer layer 15 is disposed over the substrate 13 and the
light shielding layers 14, and a buffer layer 19a is disposed
over the buffer layer 15. Polysilicon layers 17 (such as the
source regions 17s, the channel regions 17¢, and the drain
regions 17d) are disposed over the buffer layer 19a to
correspond to the polysilicon transistors 11z and 11p. A
metal oxide semiconductor layer 27 is disposed over the
buffer layer 19a to correspond to the gate electrode (e.g. the
light shielding layer 14) of the metal oxide semiconductor
transistor 11a A buffer layer 195 is disposed over the
polysilicon layers 17, the metal oxide semiconductor layer
27, and the buffer layer 194. Gate electrodes 21 and a gate
line 21' are disposed over the buffer layer 195. A source
electrode 21s and a drain electrode 214 penetrate through the
buffer layer 195 to contact both sides of the metal oxide
semiconductor layer 27. For the polysilicon transistors 11»
and 11p, the gate electrodes 21 are disposed over the channel
regions 17¢, and a gate insulation layer such as the buffer
layer 1956 is disposed therebetween. For the metal oxide
semiconductor transistor 1la, the gate insulating layer
between the channel region (the metal oxide semiconductor
layer 27) and the gate electrode (the light shielding layer 14)
consists of the buffer layers 192 and 15. In the metal oxide
semiconductor transistor 11a, the gate line 21' and the light
shielding layer 14 are connected by a via 21k penetrating
through the buffer layers 195, 194, and 15.

An ILD layer 23 is disposed over the gate electrodes 21,
the gate line 21", the source electrode 21s, the drain electrode
21d, and the buffer layer 195. An ILD layer 25 is disposed
over the ILD layer 23. Source lines 2911, drain lines 2912,
and a contact 29¢ are disposed over the ILD layer 25. The
source lines 2911 of the polysilicon transistors 11» and 11p
are disposed over the source regions 17s, and the source
lines 2911 are connected to the source regions 17s by vias
29/ penetrating through the ILD layer 25, the ILD layer 23,
and the buffer layer 195. The drain lines 2912 of the
polysilicon transistors 11z and 11p are disposed over the
drain regions 174, and the drain lines 2912 are connected to
the drain regions 17d by vias 29/ penetrating through the



US 10,312,268 B2

9

ILD layer 25, the ILD layer 23, and the buffer layer 195. The
source line 2911 of the metal oxide semiconductor transistor
11a is disposed over the source electrode 21s, and the source
line 2911 is connected to the source electrode 21s by a via
29/ penetrating through the ILD layer 25 and the LD layer
23. The contact 29¢ of the metal oxide semiconductor
transistor 11a is disposed over the drain electrode 21d, and
the contact 29¢ is connected to the drain electrode 214 by a
via 29/ penetrating through the ILD layer 25 and the ILD
layer 23. The ILD layer 25, the ILD layer 23, the buffer layer
194, and the buffer layer 19a have an opening 33 corre-
sponding to the aperture region 110. The opening 33 can be
formed by lithography and etching. Note that the exposure
step in the lithography can be exposing from the bottom, in
which the light shielding layers 14, the source lines 2911,
and the drain lines 2912 serve as the photomask, thereby
omitting a photomask to reduce the cost. After the lithog-
raphy by exposing from the bottom and etching, edges of the
1LD layer 25, the ILD layer 23, the buffer layer 195, and the
buffer layer 194 (silicon oxide layers) be corresponded to an
edge of the mask. In some embodiments, the opening 33
may extend downward to penetrate through the buffer layer
15.

An insulating layer 35 is disposed over the ILD layer 25
and in the opening 33 to contact the buffer layer 15. An
organic insulating layer 37 is disposed over the insulating
layer 35. A common electrode 39 is disposed over the
organic insulating layer 37, which mainly corresponds to the
pixel region 10a. An insulating layer 41 is disposed over the
common electrode 39 and the organic insulating layer 37. A
pixel electrode 43p is disposed over the insulating layer 41.
A part of the pixel electrode 43p is disposed over the contact
29¢, and the pixel electrode 43p is connected to the contact
29¢ by a via 43} penetrating through the insulating layer 41,
the organic insulating layer 37, and the insulating layer 35.
In FIG. 4, the polysilicon transistors 11z and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11« in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layers (e.g. the buffer layers 19a) between the metal oxide
semiconductor layer 27 and the gate electrode (e.g. the light
shielding layer 14), and the silicon oxide layer (e.g. the ILD
layer 25) over the metal oxide semiconductor layer 27 have
an opening 33 corresponding to the aperture region 11o, as
shown in FIG. 4. As such, the number of the interface
between the silicon oxide layer and the silicon nitride layer
in the aperture region 110 can be reduced, thereby improving
the light transmittance of the array substrate structure 1004.

In one embodiment, a cross-sectional view of an array
substrate structure 100e is shown in FIG. 5. In FIG. 5, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 1la, the
aperture region 11o, and the polysilicon transistors 117 and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 11z and
11p. The light shielding layers 14 is also disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 corresponding
to the metal oxide semiconductor transistor 11a also serves
as the gate electrode of the metal oxide semiconductor
transistor 11a, so the light shielding layers 14 must comprise
a conductive material such as metal, and is not limited
thereto.

Abuffer layer 15 is disposed over the substrate 13 and the
light shielding layers 14. A buffer layer 19a is disposed over
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the buffer layer 15. Polysilicon layers 17 (such as the source
regions 17s, the channel regions 17¢, and the drain regions
17d) are disposed over the buffer layer 19a to correspond to
the polysilicon transistors 11z and 11p. A buffer layer 195 is
disposed over the polysilicon layers 17 and the buffer layer
19a. Gate electrodes 21 and a gate line 21" are disposed over
the buffer layer 195. For the polysilicon transistors 117 and
11p, the gate electrodes 21 are disposed over the channel
regions 17¢, and a gate insulation layer such as the buffer
layer 1956 is disposed therebetween. In the metal oxide
semiconductor transistor 11a, the gate line 21" and the light
shielding layer 14 are connected by a via 21k penetrating
through the buffer layers 195, 19a, and 15. The metal oxide
semiconductor layer 27 is disposed over the buffer layer 195
to correspond to the gate electrode (the light shielding layer
14) of the metal oxide semiconductor transistor 11a. For the
metal oxide semiconductor transistor 11a, the gate insulating
layer between the channel region (the metal oxide semicon-
ductor layer 27) and the gate electrode (the light shielding
layer 14) consists of buffer layers 195, 194 and 15.

An ILD layer 25 is disposed over the buffer layer 195, the
gate electrodes 21, the gate line 21', and the metal oxide
semiconductor layer 27. The ILD layer 25, the buffer layer
195, and the buffer layer 192 have an opening 33 corre-
sponding to the aperture region 11o. The opening 33 can be
formed by lithography and etching. Note that the exposure
step in the lithography can be exposed from the bottom, in
which the light shielding layers 14, the source lines 2911,
the drain lines 291.2, and the gate line 21' serve as the
photomask, thereby omitting a photomask to reduce the cost.
After the lithography by exposing from the bottom and
etching, edges of the ILD layer 25, the buffer layer 195, and
the buffer layer 19a (silicon oxide layers) will be corre-
sponded to an edge of the mask. In some embodiments, the
opening 33 may extend downward to penetrate through the
buffer layer 15.

ILD layer 23 is disposed over the ILD layer 25, and the
ILD layer 23 also has an opening 33 corresponding to the
aperture region 1lo. Source lines 2911, drain lines 291.2,
and a contact 29¢ are disposed over the ILD layer 23. The
source lines 2911 of the polysilicon transistors 11z and 11p
are disposed over the source regions 17s, and the source
lines 2911 are connected to the source regions 17s by vias
29/ penetrating through the ILD layer 23, the ILD layer 25,
and the buffer layer 194. The drain lines 2912 of the
polysilicon transistors 11z and 11p are disposed over the
drain regions 17d, and the drain lines 291.2 are connected to
the drain regions 17d by vias 29/ penetrating through the
ILD layer 23, the ILD layer 25, and the buffer layer 195. The
source line 2911 of the metal oxide semiconductor transistor
11a is disposed over one side of the metal oxide semicon-
ductor layer 27, and the source line 2911 is connected to one
side of the metal oxide semiconductor layer 27 by a via 29%
penetrating through the ILD layer 23 and the ILD layer 25.
The contact 29¢ of the metal oxide semiconductor transistor
11a is disposed over another side of the metal oxide semi-
conductor layer 27, and the contact 29¢ is connected to
another side of the metal oxide semiconductor layer 27 by a
via 29/ penetrating through the ILD layer 23 and the ILD
layer 25.

An insulating layer 35 is disposed over the source lines
2911, the drain lines 291.2, the contact 29¢, and the ILD
layer 23, and in the opening 33 to contact the buffer layer 15.
An organic insulating layer 37 is disposed over the insulat-
ing layer 35. A common electrode 39 is disposed over the
organic insulating layer 37, which mainly corresponds to the
pixel region 10a. An insulating layer 41 is disposed over the
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common electrode 39 and the organic insulating layer 37. A
pixel electrode 43p is disposed over the insulating layer 41.
A part of the pixel electrode 43p is disposed over the contact
29¢, and the pixel electrode 43p is connected to the contact
29¢ by a via 43k penetrating through the insulating layer 41,
the organic insulating layer 37, and the insulating layer 35.
In FIG. 5, the polysilicon transistors 11z and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layers (e.g. the buffer layers 196 and 194) between the metal
oxide semiconductor layer 27 and the gate electrode (e.g. the
light shielding layer 14), and the silicon oxide layer (e.g. the
ILD layer 25) on the metal oxide semiconductor layer 27
have an opening 33 corresponding to the aperture region
110, as shown in FIG. 5. As such, the number of the interface
between the silicon oxide layer and the silicon nitride layer
in the aperture region 110 can be reduced, thereby improving
the light transmittance of the array substrate structure 100e.

In one embodiment, a cross-sectional view of an array
substrate structure 100f'is shown in FIG. 6. In FIG. 6, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 11a, the
aperture region 11o, and the polysilicon transistors 117 and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 11z and
11p. The light shielding layer 14 is also disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 corresponding
to the metal oxide semiconductor transistor 11a also serves
as the gate electrode of the metal oxide semiconductor
transistor 114, so the light shielding layers 14 must comprise
of a conductive material such as metal, and is not limited
thereto.

A buffer layer 19a is disposed over the substrate 13 and
the light shielding layers 14. The buffer layer 15 is disposed
over the buffer layer 19q, and the buffer layer 194 is
disposed over the buffer layer 15. Polysilicon layers 17 (such
as the source regions 17s, the channel regions 17¢, and the
drain regions 174) are disposed over the buffer layer 196 to
correspond to the polysilicon transistors 11z and 11p. A
buffer layer 19¢ is disposed over the polysilicon layers 17
and the buffer layer 195. The buffer layer 19¢ can be formed
by CVD and can comprise silicon oxide, and is not limited
thereto. Gate electrodes 21, a source electrode 21s, and a
drain electrode 21d are disposed over the buffer layer 19c¢.
The gate electrodes 21, the source electrode 21s, and the
drain electrode 214 can comprise metal. The gate electrodes
21, the source electrode 215, and the drain electrode 21d can
be formed by deposition and then patterned by lithography
and etching. For the polysilicon transistors 11z and 11p, the
gate electrodes 21 are disposed over the channel regions 17¢,
and a gate insulation layer such as the buffer layer 19¢ is
disposed therebetween. A metal oxide semiconductor layer
27 is disposed over the buffer layer 19¢, and between the
source electrode 21s and the drain electrode 214 to corre-
spond to the gate electrode (the light shielding layer 14) of
the metal oxide semiconductor transistor 11a. For the metal
oxide semiconductor transistor 11a, the gate insulating layer
between the channel region (the metal oxide semiconductor
layer 27) and the gate electrode (the light shielding layer 14)
comprises of buffer layers 19¢, 195, 15, and 19a.

An ILD layer 25 is disposed over the buffer layer 19¢, the
gale electrodes 21, the source electrode 21s, the drain
electrode 214, and the metal oxide semiconductor layer 27.
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The TLD layer 25, the buffer layer 19¢, the buffer layer 195,
the buffer layer 15, and the buffer layer 194 have an opening
33 corresponding to the aperture region 11o0. The opening 33
can be formed by lithography and etching. Note that the
exposure step in the lithography can be performed by
exposing from the bottom, in which the light shielding layers
14, the source lines 2911, the drain lines 291.2, the source
electrode 21s, and the drain electrode 21d serve as the
photomask, thereby omitting a photomask to reduce the cost.
After the lithography by exposing from the bottom and
etching, edges of the ILD layer 25, the buffer layer 19¢, the
buffer layer 195, and the buffer layer 194 (silicon oxide
layers) will be corresponded to an edge of the mask.

An ILD layer 23 is disposed over the ILD layer 25, and
in the opening 33 to contact the substrate 13. Source lines
2911, drain lines 291.2, and a contact 29¢ are disposed over
the ILD layer 23. The source lines 2911 of the polysilicon
transistors 11z and 11p are disposed over the source regions
17s, and the source lines 2911 are connected to the source
regions 17s by vias 29% penetrating through the ILD layer
23, the ILD layer 25, and the buffer layer 19¢. The drain lines
2912 of the polysilicon transistors 117 and 11p are disposed
over the drain regions 174, and the drain lines 2912 are
connected to the drain regions 174 by vias 29% penetrating
through the ILD layer 23, the ILD layer 25, and the buffer
layer 19¢. The source line 2911 of the metal oxide semi-
conductor transistor 11a is disposed over the source elec-
trode 21s, and the source line 29L1 is connected to the
source electrode 21s by a via 294 penetrating through the
ILD layer 23 and the ILD layer 25. The contact 29¢ of the
metal oxide semiconductor transistor 11a is disposed over
the drain electrode 214, and the contact 29¢ is connected to
the drain electrode 21d by a via 29/ penetrating through the
ILD layer 23 and the ILD layer 25.

An insulating layer 35 is disposed over the source lines
2911, the drain lines 291.2, the contact 29¢, and the ILD
layer 23. An organic insulating layer 37 is disposed over the
insulating layer 35. A common electrode 39 is disposed over
the organic insulating layer 37, which mainly corresponds to
the pixel region 10a. An insulating layer 41 is disposed over
the common electrode 39 and the organic insulating layer
37. A pixel electrode 43p is disposed over the insulating
layer 41. A part of the pixel electrode 43p is disposed over
the contact 29¢, and the pixel electrode 43p is connected to
the contact 29¢ by a via 43/ penetrating through the insu-
lating layer 41, the organic insulating layer 37, and the
insulating layer 35. In FIG. 6, the polysilicon transistors 11r
and 11p in the driving circuit 105 belong to a top gate
structure, and the metal oxide semiconductor transistor 11a
in the pixel region 10a belongs to a bottom gate structure.
The silicon oxide layers (e.g. the buffer layers 19¢, 195, and
19a) between the metal oxide semiconductor layer 27 and
the gate electrode (e.g. the light shielding layer 14), and the
silicon oxide layer (e.g. the ILD layer 25) on the metal oxide
semiconductor layer 27 have an opening 33 corresponding
to the aperture region 11o, as shown in FIG. 6. As such, the
number of the interface between the silicon oxide layer and
the silicon nitride layer in the aperture region 110 can be
reduced, thereby improving the light transmittance of the
array substrate structure 100f.

In one embodiment, a cross-sectional view of an array
substrate structure 100g is shown in FIG. 7. In FIG. 7, the
relative locations of the metal oxide semiconductor transis-
tor 11a, the aperture region 110, and the n-type polysilicon
transistor 11z are similar to those in FIG. 1. This embodi-
ment may further include a p-type polysilicon transistor 11p,
or replace the n-type polysilicon transistor 11z with the



US 10,312,268 B2

13

p-type polysilicon transistor 11p if necessary. A buffer layer
15 is disposed over a substrate 13, and a buffer layer 194 is
disposed over the buffer layer 15. A polysilicon layer 17
(such as the source region 17s, the channel region 17¢, and
the drain region 174) is disposed over the buffer layer 19a
to correspond to the polysilicon transistor 11n. A buffer layer
194 is disposed over a part of the polysilicon layer 17, and
a gate electrode 21 is disposed over the buffer layer 195. For
the polysilicon transistor 11z, the gate electrode 21 is
disposed over the channel region 17¢, and the buffer layer
194 (serving as a gate insulating layer) is disposed therebe-
tween. The ILD layer 23 is disposed over the gate electrode
21, the source region 17s, the drain region 174, and the
buffer layer 19a. The ILD layer 25 is disposed over the ILD
layer 23.

Contacts 29¢, a gate line 2913, and a gate electrode 29g
are disposed over the ILD layer 25. The contact 29¢ of the
polysilicon transistor 11 is disposed over the source region
17s (or the drain region 17d), and the contact 29¢ is
connected to the source region 175 (or the drain region 174)
by a via 29/ penetrating through the ILD layers 25 and 23.
The gate line 29L3 of the polysilicon transistor 11z is
disposed over the gate electrode 21, and the gate line 291.3
is connected to the gate electrode 21 by a via 29% penetrating
through the ILD layers 25 and 23.

An insulating layer 354 is disposed over the contacts 29c,
the gate line 291.3, and the gate electrode 29¢. The insulating
layer 35a can be formed by CVD and can comprise silicon
nitride, and is not limited thereto. An insulating layer 31a is
disposed over the insulating layer 35a. The insulating layer
31a can be formed by CVD and can comprise silicon oxide,
and is not limited thereto. A metal oxide semiconductor layer
27 is disposed over the insulating layer 31a to correspond to
the gate electrode 29g of the metal oxide semiconductor
transistor 11a. For the metal oxide semiconductor transistors
11a, the gate insulation layer disposed between the channel
region (the metal oxide semiconductor layer 27) and the gate
electrode 29g is the insulating layers 31a and 35a. A source
electrode 43s and a drain electrode 43d are disposed over
both respective sides of the metal oxide semiconductor layer
27. The source electrode 43s and the drain electrode 43d can
comprise metal, and can be formed by sputtering and then
patterned by lithography and etching. An insulating layer
315 is disposed over the source electrode 43s, the drain
electrode 434, the metal oxide semiconductor layer 27, and
the insulating layer 31a. The insulating layer 314 can be
formed by CVD and can comprise silicon oxide, and is not
limited thereto. The insulating layers 31a and 315 have an
opening 33 corresponding to the aperture region 11o. The
opening 33 can be formed by lithography and etching. In
some embodiments, the opening 33 may extend downward
to penetrate through the insulating layer 354, the ILD layer
25, the ILD layer 23, the buffer layer 19a, and even the
buffer layer 15.

An insulating layer 355 is disposed over the insulating
layer 31, and in the opening 33 to contact the insulating
layer 35a. The insulating layer 356 can be formed by CVD
and can comprise silicon nitride, and is not limited thereto.
An organic insulating layer 37 is disposed over the insulat-
ing layer 35b, and an insulating layer 41 is disposed over the
organic insulating layer 37. Source lines 451.1 and 451.3, and
drain lines 451.2 and 451.4 are disposed over the insulating
layer 41. The source lines 4511 and 4503 can be metal,
alloy, or another conductive material. The drain lines 451.2
and 4514 can be metal, alloy, or another conductive mate-
rial. The source line 4511 of the polysilicon transistor 117 is
disposed over a left contact 29¢. The source line 4501 is
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connected to the left contact 29¢ by a via 45/ penetrating
through the insulating layer 41, the organic insulating layer
37, the insulating layer 355, the insulating layer 315, the
insulating layer 31a, and the insulating layer 35a. The drain
line 451.2 of the polysilicon transistor 11z is disposed over
a right contact 29¢. The drain line 451.2 is connected to the
right contact 29¢ by a via 45k penetrating through the
insulating layer 41, the organic insulating layer 37, the
insulating layer 355, the insulating layer 314, the insulating
layer 31a, and the insulating layer 35a. The source line 451.3
of the metal oxide semiconductor transistor 11a is disposed
over the source electrode 43s. The source line 4513 is
connected to the source electrode 43s by a via 45k penetrat-
ing through the insulating layer 41, the organic insulating
layer 37, the insulating layer 355, and the insulating layer
3154. The drain line 4514 of the metal oxide semiconductor
transistor 11« is disposed over the drain electrode 43d. The
drain line 4514 is connected to the drain electrode 434 by a
via 45k penetrating through the insulating layer 41, the
organic insulating layer 37, the insulating layer 355, and the
insulating layer 315.

In FIG. 7, the polysilicon transistor 11z belongs to a top
gate structure, and the metal oxide semiconductor transistor
11a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the insulating layer 31a) between the metal oxide
semiconductor layer 27 and the gate electrode 29g, and the
silicon oxide layer (e.g. the insulating layer 315) on the
metal oxide semiconductor layer 27 have an opening 33
corresponding to the aperture region 110, as shown in FIG.
7. As such, the number of the interface between the silicon
oxide layer and the silicon nitride layer in the aperture region
110 can be reduced, thereby improving the light transmit-
tance of the array substrate structure 100g.

In one embodiment, a cross-sectional view of an array
substrate structure 100/ is shown in FIG. 8. In FIG. 8, the
relative locations of the metal oxide semiconductor transis-
tor 11a, the aperture region 110, and the n-type polysilicon
transistor 11z are similar to those in FIG. 1. This embodi-
ment may further include a p-type polysilicon transistor 11p,
or replace the n-type polysilicon transistor 11# with the
p-type polysilicon transistor 11p if necessary. A buffer layer
15 is disposed over a substrate 13, and a buffer layer 194 is
disposed over the buffer layer 15. A polysilicon layer 17
(such as the source region 17s, the channel region 17¢, and
the drain region 174) is disposed over the buffer layer 19a
to correspond to the polysilicon transistor 11». A buffer layer
195 is disposed over a part of the polysilicon layer 17, and
a gate electrode 21 is disposed over the buffer layer 195. For
the polysilicon transistor 11z, the gate electrode 21 is
disposed over the channel region 17¢, and the buffer layer
195 (serving as a gate insulating layer) is disposed therebe-
tween. The ILD layer 23 is disposed over the gate electrode
21, the source region 17s, the drain region 17d, and the
buffer layer 19a. The ILD layer 25 is disposed over the ILD
layer 23.

Contacts 29¢, a gate line 2913, and a gate electrode 29g
are disposed over the ILD layer 25. The contact 29¢ of the
polysilicon transistor 11 is disposed over the source region
17s (or the drain region 17d). The contact 29¢ is connected
to the source region 17s (or the drain region 174) by a via
29/ penetrating through the ILD layers 25 and 23. The gate
line 2913 of the polysilicon transistor 11z is disposed over
the gate electrode 21. The gate line 291.3 is connected to the
gate electrode 21 by a via 29/ penetrating through the ILD
layers 25 and 23.

An insulating layer 35q is disposed over the contacts 29c,
the gate line 291.3, and the gate electrode 29¢. An insulating
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layer 31a is disposed over the insulating layer 35a. A metal
oxide semiconductor layer 27 is disposed over the insulating
layer 31a to correspond to the gate electrode 29g of the
metal oxide semiconductor transistor 11a. For the metal
oxide semiconductor transistors 11a the gate insulation layer
disposed between the channel region (the metal oxide semi-
conductor layer 27) and the gate electrode 29g is the
insulating layers 31a and 35a. An insulating layer 315 is
disposed over the metal oxide semiconductor layer 27 and
the insulating layer 31a.

The source electrode 43s and the drain electrode 43d are
disposed over both sides of the metal oxide semiconductor
layer 27. The source electrode 435 and the drain electrode
43d are connected to the metal oxide semiconductor layer 27
by vias penetrating through the insulating layer 3154. The
source electrode 43s and the drain electrode 434 can com-
prise metal. The source electrode 43s and the drain electrode
43d can be prepared by forming openings in the insulating
layer 31b by lithography and etching, filling the metal into
the opening and forming a metal layer on the insulating layer
315, and then patterning the metal layer by lithography and
etching to define the source electrode 43s and the drain
electrode 43d. An insulating layer 31c¢ is disposed over the
source electrode 43s, the drain electrode 43d, the metal
oxide semiconductor layer 27, and the insulating layer 315.
The insulating layer 31¢ can be formed by CVD and can
comprise silicon oxide, and is not limited thereto. The
insulating layers 31a, 315, and 31c¢ have an opening 33
corresponding to the aperture region 11o. The opening 33
can be formed by lithography and etching. In some embodi-
ments, the opening 33 may extend downward to penetrate
through the insulating layer 35a, the ILD layer 25, the ILD
layer 23, the buffer aver 19a, and even the buffer layer 15.

An insulating layer 355 is disposed over the insulating
layer 31¢, and in the opening 33 to contact the insulating
layer 35a. An organic insulating layer 37 is disposed over the
insulating layer 355, and an insulating layer 41 is disposed
over the organic insulating layer 37. Source lines 4511 and
4513, and drain lines 451.2 and 4514 are disposed over the
insulating layer 41. The source lines 4511 and 4503 can be
metal, alloy, or another conductive material. The drain lines
451.2 and 4514 can be metal, alloy, or another conductive
material. The source line 451 of the polysilicon transistor
117 is disposed over a left contact 29¢. The source line 451.1
is connected to the left contact 29¢ by a via 45/ penetrating
through the insulating layer 41, the organic insulating layer
37, the insulating laser 35b, the insulating laser 31c, the
insulating layer 315, the insulating layer 31a, and the
insulating layer 35a. The drain line 4512 of the polysilicon
transistor 117 is disposed over a right contact 29¢. The drain
line 451.2 is connected to the right contact 29¢ by a via 457
penetrating through the insulating layer 41, the organic
insulating layer 37, the insulating layer 35, the insulating
layer 31c, the insulating layer 315, the insulating layer 31a,
and the insulating layer 35a. The source line 4513 of the
metal oxide semiconductor transistor 11a is disposed over
the source electrode 43s. The source line 4513 is connected
to the source electrode 43s by a via 45/ penetrating through
the insulating layer 41, the organic insulating layer 37, the
insulating layer 355, and the insulating layer 31¢. The drain
line 4514 of the metal oxide semiconductor transistor 11a is
disposed over the drain electrode 43d. The drain line 451.4
is connected to the drain electrode 434 by a via 45k
penetrating through the insulating layer 41, the organic
insulating layer 37, the insulating layer 355, and the insu-
lating layer 31c.
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In FIG. 8, the polysilicon transistor 11z belongs to a top
gate structure, and the metal oxide semiconductor transistor
11a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the insulating layer 31a) between the metal oxide
semiconductor layer 27 and the gate electrode 29g, and the
silicon oxide layers (e.g. the insulating layers 316 and 31c¢)
on the metal oxide semiconductor layer 27 have an opening
33 corresponding to the aperture region 1lo, as shown in
FIG. 8. As such, the number of the interface between the
silicon oxide layer and the silicon nitride layer in the
aperture region 110 can be reduced, thereby improving the
light transmittance of the array substrate structure 1004

In one embodiment, cross-sectional views of processes
for manufacturing an array substrate structure 100 are
shown in FIGS. 9A to 9]. In FIG. 9A, the array substrate
structure 100; is divided to a plurality of pixel regions 10a
and a driving circuit 105. Each of the pixel regions 10a
includes a metal oxide semiconductor transistor 11¢ and an
aperture region 11o, and the driving circuit 105 includes an
n-type polysilicon transistor 11» and a p-type polysilicon
transistor 11p. In another embodiment, the driving circuit
105 may include only the n-type polysilicon transistor 117 or
only the p-type polysilicon transistor 11p if necessary. Light
shielding layers 14 are formed over the substrate 13 to
correspond to polysilicon layers 17 of the n-type polysilicon
transistor 11z and the p-type polysilicon transistor 11p. The
light shielding layer 14 is formed over the substrate 13 to
correspond to a metal oxide semiconductor layer 27 of the
metal oxide semiconductor transistor 11a. A buffer layer 15
is formed over the light shielding layers 14, and a buffer
layer 19a is formed over the buffer layer 15. As shown in
FIG. 9B, polysilicon layers 17 are disposed over the buffer
layer 19a to correspond to the polysilicon transistors 117 and
11p. The buffer layer 19a not covered by the polysilicon
layers 17 can then be removed. Alternatively, the buffer layer
19a can be kept on the entire buffer layer 15. In one
embodiment, a light-shielding photoresist pattern defined by
lithography is used to protect the middle part of the poly-
silicon layers 17 (e.g. a channel regions 17¢) after forming
the polysilicon layers 17. Other parts at both sides of the
channel regions 17¢ are implanted to define source regions
17s and drain regions 174. The photoresist pattern can then
be optionally removed by wet or dry stripping. As shown in
FIG. 9C, a buffer layer 195 is formed over the polysilicon
layers 17 and the buffer layer 15, and a metal layer is formed
over the buffer layer 196. The metal layer is then patterned
by lithography and etching to define gate electrodes 21
corresponding to the channel regions 17¢ of the polysilicon
transistors 11z and 11p, and the light shielding layer 14 of
the metal oxide semiconductor transistor 11a. The buffer
layer 195 not covered by the gate electrodes 21 is then
removed. For the polysilicon transistors 11z and 11p, the
gate electrodes correspond to the channel region 17¢, and a
gate insulating layer (e.g. the buffer layer 195) is disposed
therebetween.

As shown in FIG. 9D, an ILD layer 23 is formed over the
gate electrodes 21, the buffer layer 15, the source region 17s,
and the drain region 17d. An ILD layer 25 is then formed
over the ILD layer 23. As shown in FIG. 9E, a metal oxide
semiconductor layer 27 is formed over the ILD layer 25 to
correspond to the gate electrode 21 of the metal oxide
semiconductor transistor 11a. For the metal oxide semicon-
ductor transistor 11a, the gate insulating layer between the
channel layer (metal oxide semiconductor layer 27) and the
gate electrode 21 is the ILD layers 23 and 25.

As shown in FIG. 9F, the ILD layers 23 and 25 are
patterned by lithography and etching to form vias 29 therein,
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and metal is filled into the vias 29. A layer of the metal is
formed over the ILD layer 25, and then patterned to define
source lines 2911, drain lines 291.2, a source electrode 29s,
and a drain electrode 294 on the ILD layer 25. The source
lines 2911 are disposed over the source regions 17s. The
source lines 2911 are connected to the source regions 17s by
vias 29/ penetrating through the ILD layer 25 and the ILD
layer 23. The drain lines 2912 are disposed over the drain
regions 17d. The drain lines 291.2 are connected to the drain
regions 17d by vias 29/ penetrating through the ILD layer
25 and the TLD layer 23. The source electrode 29s and the
drain electrode 294 are disposed over both sides of the metal
oxide semiconductor layer 27.

As shown in FIG. 9G, an insulating layer 31 is formed
over the ILD layer 25, the metal oxide semiconductor layer
27, the source lines 2911, the drain lines 2912, the source
electrode 29s, and the drain electrode 29d. A photoresist
layer is then formed over the insulating layer 31, and an
exposure step 32 is performed by exposing from the bottom,
and the photoresist layer is then developed to form the
photoresist pattern 30. The exposure step 32 by exposing
from the bottom no longer needs a photomask, because the
light shielding layers 14, the source lines 2911, the drain
lines 2912, the source electrode 29s, and the drain electrode
29d serve as the photomask.

As shown 1n FI1G. 9H, the photoresist pattern is used as an
etching mask, and the insulating layer 31 and the ILD layer
25 not covered by the photoresist pattern 30 are etched and
removed to form an opening 33. As shown in FIG. 9H, the
opening 33 mainly corresponds to the aperture region 11o,
but it may also correspond to the other parts not masked by
the photoresist pattern 30. As shown in FIG. 9H, the
remained insulating layer 31 and the ILD layer 25 have
edges corresponding to an edge of the mask (e.g. the light
shielding layers 14, the source lines 291.1, the drain lines
2912, the source electrode 29s, and the drain electrode 294).
In some embodiments, the opening 33 may further extend
downward to penetrate the ILD layer 23 and even the buffer
layer 15.

As shown in FIG. 9], the photoresist pattern 30 is then
removed. An insulating layer 35 is then formed over the
insulating layer 31, and in the opening 33 to contact the ILD
layer 23. An organic insulating layer 37 is then formed over
the insulating layer 35. As shown in FIG. 9], a common
electrode 39 is then formed over the organic insulating layer
37. The common electrode 39 mainly corresponds to the
pixel region 10a. An insulating layer 41 is then formed over
the common electrode 39 and the organic insulating layer
37. The insulating layer 41, the organic insulating layer 37,
the insulating layer 35, and the insulating layer 31 are
patterned by lithography and etching to form a hole. Trans-
parent conductive material such as [TO is filled into the hole.
A layer of the transparent conductive material is then formed
over the insulating layer 41, and then the transparent con-
ductive material is patterned by lithography and etching to
define a pixel electrode 43p. The array substrate structure
100: is therefore obtained.

In FIG. 9], the polysilicon transistors 11x and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the ILD 25) between the metal oxide semicon-
ductor layer 27 and the gate electrode 21, and the silicon
oxide layer (e.g. the insulating layer 31) on the metal oxide
semiconductor layer 27 have an opening 33 corresponding
to the aperture region 110, as shown in FIG. 9]J. As such, the
number of the interface between the silicon oxide layer and
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the silicon nitride layer in the aperture region 11o can be
reduced, thereby improving the light transmittance of the
array substrate structure 100i.

In one embodiment, cross-sectional views of processes
for manufacturing an array substrate structure 100 are
shown in FIGS. 10A to 10C. FIG. 10A follows the structure
in FIG. 9G, in which the photoresist pattern 30 is used as an
etching mask, and the insulating layer 31, the 1LD layer 25,
the ILD layer 23, and the buffer layer 15 not covered by the
photoresist pattern 30 are etched and removed to form an
opening 33 exposing parts of the substrate 13. As shown in
FIG. 10A, the opening 33 mainly corresponds to the aperture
region 11o. As shown in FIG. 10B, the photoresist pattern 30
is then removed. An insulating layer 35 is then formed over
the insulating layer 31, and in the opening 33 to contact the
substrate 13. An organic insulating layer 37 is then formed
over the insulating layer 35. As shown in FIG. 10C, a
common electrode 39 is then formed over the organic
insulating layer 37. The common electrode 39 mainly cor-
responds to the pixel region 10a. An insulating layer 41 is
then formed over the common electrode 39 and the organic
insulating layer 37. The insulating layer 41, the organic
insulating layer 37, the insulating layer 35, and the insulat-
ing layer 31 are patterned by lithography and etching to form
a hole. Transparent conductive material such as 1TO is filled
into the hole. A layer of the transparent conductive material
is then formed over the insulating layer 41, and then the
transparent conductive material is patterned by lithography
and etching to define a pixel electrode 43p. The array
substrate structure 100/ is therefore obtained.

In FIG. 10C, the polysilicon transistors 11z and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the ILD 25) between the metal oxide semicon-
ductor layer 27 and the gate electrode 21, and the silicon
oxide layer e.g. the insulating layer 31) on the metal oxide
semiconductor layer 27 have an opening 33 corresponding
to the aperture region 110, as shown in FIG. 10C. As such,
the number of the interface between the silicon oxide layer
and the silicon nitride layer in the aperture region 110 can be
reduced, thereby improving the light transmittance of the
array substrate structure 1007

In one embodiment, cross-sectional views of processes
for manufacturing an array substrate structure 100k are
shown in FIGS. 11A to 11B. FIG. 11A follows the structure
in FIG. 10A, in which an organic insulating layer 37 is
formed over the insulating layer 31 and in the opening 33 (to
contact the substrate 13). As shown in FIG. 11B, a common
electrode 39 is then formed over the organic insulating layer
37. The common electrode 39 mainly corresponds to the
pixel region 10a. An insulating layer 41 is then formed over
the common electrode 39 and the organic insulating layer
37. The insulating layer 41, the organic insulating layer 37,
and the insulating layer 31 are patterned by lithography and
etching to form a hole. Transparent conductive material such
as ITO is filled into the hole. A layer of the transparent
conductive material is then formed over the insulating layer
41, and then the transparent conductive material is patterned
by lithography and etching to define a pixel electrode 43p.
The array substrate structure 100% is therefore obtained.

In FIG. 11B, the polysilicon transistors 11» and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layer (e.g. the ILD 25) between the metal oxide semicon-
ductor layer 27 and the gate electrode 21, and the silicon
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oxide layer (e.g. the insulating layer 31) on the metal oxide
semiconductor layer 27 have an opening 33 corresponding
to the aperture region 110, as shown in FIG. 11B. As such,
the aperture region 1lo is free of the silicon oxide layer to
reduce the total reflection, thereby improving the light
transmittance of the array substrate structure 100%.

In one embodiment, a cross-sectional view of an array
substrate structure 100/ is shown in FIG. 12. In FIG. 12, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 1la, the
aperture region 11o, and the polysilicon transistors 117 and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 117 and
11p. The light shielding layer 14 is disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a.

A metal oxide semiconductor layer 27 is disposed over the
light shielding layer 14 of the metal oxide semiconductor
transistor 11a. A buffer layer 19¢ is disposed over the light
shielding layers 14 of the polysilicon transistors 11z and
11p, the substrate 13, and the metal oxide semiconductor
layer 27. A buffer layer 15 is disposed over the buffer layer
19a. Polysilicon layers 17 (such as the source regions 17s,
the channel regions 17¢, and the drain regions 17d) are
disposed over the buffer layer 15 to correspond to the
polysilicon transistors 11z and 11p. Buffer layers 195 are
disposed over the channel regions 17¢ of the polysilicon
transistors 11z and 11p, and the buffer layer 15 of the metal
oxide semiconductor transistor 11a. Gate electrodes 21 are
disposed over the buffer layers 195. For the polysilicon
transistors 11# and 11p, the gate electrodes 21 correspond to
the channel regions 17¢, and gate insulation layers such as
the buffer layers 196 are disposed therebetween. For the
metal oxide semiconductor transistor 11, the gate electrode
21 corresponds to the channel region (the metal oxide
semiconductor layer 27), and a gate insulation layer such as
the buffer layers 195, 15, and 19a are disposed therebe-
tween.

The buffer layers 15 and 194 have an opening 33 corre-
sponding to the aperture region 11o. The opening 33 can be
formed by lithographs and etching. Note that the exposure
step in the lithography can be performed by exposing from
the bottom, in which the light shielding layers 14, the source
lines 2911, and the drain lines 291.2 serve as the photomask,
thereby omitting a photomask to reduce the cost. After the
lithography with the exposure from bottom to top and
etching, edges of the buffer layers 15 and 194 (silicon oxide
layers) will be corresponded to an edge of the mask.

An ILD layer 23 is disposed over the gate electrodes 21,
the source regions 17s, the drain regions 174, and the buffer
layer 15. The ILD layer 23 is in direct contact with the
substrate 13 through the opening 33. Source lines 2911,
drain lines 2912, and a contact 29¢ are disposed over the
ILD layer 23. The source lines 2911 of the polysilicon
transistors 11z and 11p are disposed over the source regions
17s, and the source lines 2911 are connected to the source
regions 17s by vias 29% penetrating through the ILD layer
23. The drain lines 291.2 of the polysilicon transistors 117
and 11p are disposed over the drain regions 174, and the
drain lines 291.2 are connected to the drain regions 17d by
vias 29% penetrating through the ILD layer 23. The source
line 2911 of the metal oxide semiconductor transistor 11a is
disposed over one side of the metal oxide semiconductor
layer 27, and the source line 2911 is connected to one side
of the metal oxide semiconductor layer 27 by a via 297
penetrating through the ILD layer 23, the buffer layer 15,
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and the buffer layer 19a. The contact 29¢ of the metal oxide
semiconductor transistor 11a is disposed over another side
of the metal oxide semiconductor layer 27, and the contact
29¢ is connected by a via 294 penetrating through the ILD
layer 23, the buffer layer 15, and the buffer layer 19a.

An insulating layer 35 is disposed over the source lines
2911, the drain lines 291.2, the contact 29c, and the ILD
layer 23. An organic insulating layer 37 is disposed over the
insulating layer 35. A common electrode 39 is disposed over
the organic insulating layer 37. The common electrode 39
mainly corresponds to the pixel region 10a. An insulating
layer 41 is disposed over the common electrode 39 and the
organic insulating layer 37. A pixel electrode 43p is disposed
over the insulating layer 41. A part of the pixel electrode 43p
is disposed over the contact 29¢, and the pixel electrode 43p
is connected to the contact 29¢ by a via 43k penetrating
through the insulating layer 41, the organic insulating layer
37, and the insulating layer 35. In FIG. 12, the polysilicon
transistors 117 and 11p in the driving circuit 105 belong to
a top gate structure, and the metal oxide semiconductor
transistor 11« in the pixel region 10a belongs to a top gale
structure. The silicon oxide layer (e.g. the buffer layer 194)
between the metal oxide semiconductor layer 27 and the
gate electrode 21 has an opening 33 corresponding to the
aperture region 1lo, as shown in FIG. 12. As such, the
number of the interface between the silicon oxide layer and
the silicon nitride layer in the aperture region 110 can be
reduced, thereby improving the light transmittance of the
array substrate structure 100/,

In one embodiment, a cross-sectional view of an array
substrate structure 100m is shown in FIG. 13. In FIG. 13, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 1la, the
aperture region 11o, and the polysilicon transistors 11z and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 117 and
11p. The light shielding layer 14 is disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a.

A buffer layer 15a is disposed over the light shielding
layers 14 of the polysilicon transistors 11»# and 11p, and the
substrate 13. The buffer layer 15a can be formed by CVD
and can comprise silicon nitride, and is not limited thereto.
A buffer layer 19a is disposed over the buffer layer 15a.
Polysilicon layers 17 (such as the source regions 17s, the
channel regions 17¢, and the drain regions 17d) are disposed
over the buffer layer 194 to correspond to the polysilicon
transistors 11z and 11p. A metal oxide semiconductor layer
27 is disposed over the buffer layer 19a of the metal oxide
semiconductor transistor 11a. Buffer layers 195 are disposed
over the channel regions 17¢ and the metal oxide semicon-
ductor layer 27. Buffer layers 155 are disposed over the
buffer layers 195. The buffer layers 156 can be formed by
CVD and can comprise silicon nitride, and is not limited
thereto. Gate electrodes 21 are disposed over the buffer
layers 15b. For the polysilicon transistors 11z and 11p, the
gate electrodes 21 correspond to the channel regions 17¢,
and gate insulation layers such as the buffer layers 156 and
195 are disposed therebetween. For the metal oxide semi-
conductor transistor 11a, the gate electrode 21 corresponds
to the channel region (the metal oxide semiconductor layer
27), and a gate insulation layer such as the buffer layers 156
and 195 are disposed therebetween.

The buffer layers 19¢ and 15¢ have an opening 33
corresponding to the aperture region 11o. The opening 33
can be formed by lithography and etching. An ILD layer 23
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is disposed over the substrate 13, the gate electrodes 21, the
source regions 17s, the drain regions 17d, and both sides of
the metal oxide semiconductor layers 27. Source lines 2911,
drain lines 2912, and a contact 29¢ are disposed over the
11D 23. The source lines 2911 of the polysilicon transistors
117 and 11p are disposed over the source regions 17s, and
the source lines 2911 are connected to the source regions
17s by vias 29/ penetrating through the ILD layer 23. The
drain lines 291.2 of the polysilicon transistors 11x and 11p
are disposed over the drain regions 174, and the drain lines
2912 are connected to the drain regions 17d by vias 29/
penetrating through the ILD layer 23. The source line 2911
of the metal oxide semiconductor transistor 11a is disposed
over one side of the metal oxide semiconductor layer 27, and
the source line 2911 is connected to one side of the metal
oxide semiconductor layer 27 by a via 29% penetrating
through the ILD layer 23. The contact 29¢ of the metal oxide
semiconductor transistor 11a is disposed over another side
of the metal oxide semiconductor layer 27, and the contact
29¢ is connected to another side of the metal oxide semi-
conductor layer 27 by a via 29/ penetrating through the ILD
layer 23.

An insulating layer 35 is disposed over the source lines
2911, the drain lines 291.2, the contact 29¢, and the ILD
layer 23. An organic insulating layer 37 is disposed over the
insulating layer 35. A common electrode 39 is disposed over
the organic insulating layer 37. The common electrode 39
mainly corresponds to the pixel region 10a. An insulating
layer 41 is disposed over the common electrode 39 and the
organic insulating layer 37. A pixel electrode 43p is disposed
over the insulating layer 41. A part of the pixel electrode 43p
is disposed over the contact 29¢. The pixel electrode 43p is
connected to the contact 29¢ by a via 43k penetrating
through the insulating layer 41, the organic insulating layer
37, and the insulating layer 35. In FIG. 13, the polysilicon
transistors 11z and 11p in the driving circuit 105 belong to
a top gate structure, and the metal oxide semiconductor
transistor 11« in the pixel region 10a belongs to a top gate
structure. The silicon oxide layer (e.g. the buffer layer 194)
between the metal oxide semiconductor layer 27 and the
gate electrode 21 has an opening 33 corresponding to the
aperture region 1lo, as shown in FIG. 13. As such, the
number of the interface between the silicon oxide layer and
the silicon nitride layer in the aperture region 11o can be
reduced, thereby improving the light transmittance of the
array substrate structure 100.

The array substrate structure 1007 in FIG. 14 is similar to
that in FIG. 12, and the difference in FIG. 14 is that the
insulating layer 35 and the ILD layer 23 also have an
opening 33 (corresponded to the opening of the buffer layers
15 and 19a). As such, the organic insulating layer 37
contacts the substrate 13 through the opening 33.

The array substrate structure 1000 in FIG. 15 is similar to
that in FIG. 12, and the difference in FIG. 15 is that the ILD
layer 23 also has an opening 33 (corresponded to the
opening of the buffer layers 15 and 19a). As such, the
insulating layer 35 contacts the substrate 13 through the
opening 33.

In one embodiment, a cross-sectional view of an array
substrate structure 100p is shown in FIG. 16. In FIG. 16, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 1la, the
aperture region 11o, and the polysilicon transistors 117 and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 11z and
11p. The light shielding layer 14 is disposed over the
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substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 of the metal
oxide semiconductor transistor 11a also serves as the gate
electrode of the metal oxide semiconductor transistor 11a, so
the light shielding layers 14 must comprise a conductive
material such as metal. The light shielding layers 14 can be
formed by deposition and then patterned by lithography and
etching.

A buffer layer 15 is disposed over the light shielding
layers 14 and the substrate 13. A buffer layer 194 is disposed
over the buffer layer 15, and polysilicon layers 17 (such as
the source regions 17s, the channel regions 17¢, and the
drain regions 174) are disposed over the buffer layer 194 to
correspond to the polysilicon transistors 11z and 11p. Buffer
layers 195 are disposed over the polysilicon layers 17 and
the buffer layer 19a, and gate electrodes 21 and gate line 21'
are disposed over the buffer layers 195. For the polysilicon
transistors 11z and 11p, the gate electrodes 21 is disposed
over the channel regions 17¢, and gate insulation layers such
as the buffer layers 195 are disposed therebetween. For the
metal oxide semiconductor transistor 11a, the gate line 21'
and the light shielding layer 14 are connected by a via 21k
penetrating through the buffer layers 195, 194, and 15. The
buffer layers 19a and 195 have an opening 33 corresponding
to the aperture region 11o. An ILD layer 23 is disposed over
the gate electrodes 21, the gate line 21, and the buffer layer
195. The ILD layer 23 is in direct contact with the buffer
layer 15 through the opening 33 of the buffer layers 19a and
195.

An ILD layer 25 is disposed over the ILD layer 23. A
metal oxide semiconductor layer 27 is disposed over the ILD
layer 25 to correspond to the gate electrode (the light
shielding layer 14) of the metal oxide semiconductor tran-
sistor 11a. For the metal oxide semiconductor transistor 11a,
the gate insulation layer between the channel region (the
metal oxide semiconductor layer 27) and the gate electrode
(the light shielding layer 14) is the ILD layer 25, the ILD
layer 23, the buffer layer 194, the buffer layer 19a, and the
buffer layer 15. Source lines 2911, drain lines 2912, a
source electrode 29s, and a drain electrode 294 are disposed
over the ILD 25. The source lines 2911 are disposed over the
source regions 17s, and the source lines 2911 are connected
to the source regions 17s by vias 29/ penetrating through the
ILD layer 25, the ILD layer 23, and the buffer layer 195. The
drain lines 291.2 are disposed over the drain regions 174, and
the drain lines 291.2 are connected to the drain regions 174
by vias 29% penetrating through the ILD layer 25, the ILD
layer 23, and the buffer layer 195. The source electrode 29s
and the drain electrode 294 are disposed over both sides of
the metal oxide semiconductor layer 27.

An insulating layer 31 is disposed over the source lines
2911, the drain lines 291.2, the source electrode 29s, the
drain electrode 294, the metal oxide semiconductor layer 27,
and the ILD layer 25. An insulating layer 35 is disposed over
the insulating layer 31. The insulating layer 35, the insulat-
ing layer 31, and the ILD layer 25 have an opening 33'
corresponding to the aperture region 11o. The opening 33'
can be formed by lithography and etching. Note that the
exposure step in the lithography can be performed by
exposing from the bottom, in which the light shielding layers
14, the source lines 2911, the drain lines 2912, and the
source electrode 29s serve as the photomask, thereby omit-
ting a photomask to reduce the cost. After the lithography by
exposing from the bottom and etching, edges of the silicon
oxide layers such as the insulating layer 31 and the ILD layer
25 will be corresponded to an edge of the mask.
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An organic insulating layer 37 is disposed over the
insulating layer 35. The organic insulating layer 37 contacts
the ILD layer 23 through the opening 33' of the insulating
layer 35, the insulating layer 31, and the ILD layer 25. A
common electrode 39 is disposed over the organic insulating
layer 37. The common electrode 39 mainly corresponds to
the pixel region 10a. An insulating layer 41 is disposed over
the common electrode 39 and the organic insulating layer
37. A pixel electrode 43p is disposed over the insulating
layer 41. A part of the pixel electrode 43p is disposed over
the drain electrode 29d, and the pixel electrode 43p is
connected to the drain electrode 294 by a via 43k penetrating
through the insulating layer 41, the organic insulating layer
37, the insulating layer 35, and the insulating layer 31. In
FIG. 16, the polysilicon transistors 11z and 11p in the
driving circuit 105 belong to a top gate structure, and the
metal oxide semiconductor transistor 11a in the pixel region
10a belongs to a bottom gate structure. The silicon oxide
layers (e.g. the ILD layer 25, the buffer layer 19, and the
buffer layer 195) between the metal oxide semiconductor
layer 27 and the light shielding layer 14, and the silicon
oxide layer (e.g. the insulating layer 31) on the metal oxide
semiconductor layer 27 have openings 33 and 33' corre-
sponding to the aperture region 110, as shown in FIG. 16. As
such, the number of the interface between the silicon oxide
layer and the silicon nitride layer in the aperture region 110
can be reduced, thereby improving the light transmittance of
the array substrate structure 110p.

In one embodiment, a cross-sectional view of an array
substrate structure 100g is shown in FIG. 17. In FIG. 17, the
relative locations of the pixel region 10a, the driving circuit
105, the metal oxide semiconductor transistor 11a, the
aperture region 110, and the polysilicon transistors 117 and
11p are similar to those in FIG. 1. Light shielding layers 14
are disposed over the substrate 13 to correspond to the
polysilicon layers 17 of the polysilicon transistors 117 and
11p. The light shielding layer 14 is disposed over the
substrate 13 to correspond to the metal oxide semiconductor
layer 27 of the metal oxide semiconductor transistor 11a. In
this embodiment, the light shielding layer 14 of the metal
oxide semiconductor transistor 11a also serves as the gate
electrode of the metal oxide semiconductor transistor 11a, so
the light shielding layers 14 must comprise a conductive
material such as metal.

A buffer layer 15 is disposed over the light shielding
layers 14 and the substrate 13, and a buffer layer 194 is
disposed over the buffer layer 15. Polysilicon layers 17 (such
as the source regions 17s, the channel regions 17¢, and the
drain regions 17d) are disposed over the buffer layer 194 to
correspond to the polysilicon transistors 11z and 11p. A
metal oxide semiconductor layer 27 is disposed over the
buffer layer 194 to correspond to the gate electrode (the light
shielding layer 14) of the metal oxide semiconductor tran-
sistor 11a.

Buffer layers 195 are disposed over the polysilicon layers
17, the metal oxide semiconductor layer 27, and the buffer
layer 19a. A source electrode 21s and a drain electrode 214
penetrate through the buffer layer 195 to contact both sides
of the metal oxide semiconductor layer 27. For the polysili-
con transistors 11z and 11p, the gate electrodes 21 are
disposed over the channel regions 17¢, and gate insulating
layers such as the buffer layers 195 are disposed therebe-
tween. For the metal oxide semiconductor transistor 11a, the
gate insulating layer between the channel region (the metal
oxide semiconductor layer 27) and the gate electrode (the
light shielding layer 14) is the buffer layer 19¢ and the buffer
layer 15. In the metal oxide semiconductor transistor 11a,
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the gate line 21' and the light shielding layer 14 are con-
nected by a via 21/ penetrating trough the buffer layers 195,
194, and 15. The buffer layers 19a and 195 have an opening
33 corresponding to the aperture region 11o. ILD layer 23 is
disposed over the gate electrodes 21, the gate line 21', and
the buffer layer 195. The ILD layer 23 is in direct contact
with the buffer layer 15 through the opening 33 of the buffer
layers 19a and 195.

AnTLD layer 25 is disposed over the ILD layer 23. Source
lines 2911, drain lines 291.2, and a contact 29¢ are disposed
over the ILD 25. The source lines 2911 of the polysilicon
transistors 11z and 11p are disposed over the source regions
175, and the source lines 291.1 are connected to the source
regions 17s by vias 294 penetrating through the ILD layer
25, the ILD layer 23, and the buffer layer 195. The drain
lines 29L.2 of the polysilicon transistors 11» and 11p are
disposed over the drain regions 174, and the drain lines 291.2
are connected to the drain regions 174 by vias 29% penetrat-
ing through the ILD layer 25, the ILD layer 23, and the
buffer layer 19b. The source line 2911 of the metal oxide
semiconductor transistor 11a is disposed over the source
electrode 21s, and the source line 2911 is connected to the
source electrode 21s by a via 294 penetrating through the
ILD layer 25 and the ILD layer 23. The contact 29¢ of the
metal oxide semiconductor transistor 11a is disposed over
the drain electrode 21d, and the contact 29¢ is connected to
the drain electrode 21d by a via 29/ penetrating through the
ILD layer 25 and the ILD layer 23.

An insulating layer 35 is disposed over the ILD layer 25.
The insulating layer 35 and the ILD layer 25 have an
opening 33' corresponding to the aperture region 11o. The
opening 33' can be formed by lithography and etching. Note
that the exposure step in the lithography can be performed
by exposing from the bottom, in which the light shielding
layers 14, the source lines 2911, and the drain lines 291.2
serve as the photomask, thereby omitting a photomask to
reduce the cost. After the lithography by exposing from
bottom and etching, an edge of the ILD layer 25 (silicon
oxide layer) will be corresponded to an edge of the mask.

An organic insulating layer 37 is disposed over the
insulating layer 35. The organic insulating layer 37 contacts
the ILD layer 23 through the opening 33' of the insulating
layer 35 and the ILD layer 25. A common electrode 39 is
disposed over the organic insulating layer 37. The common
electrode 39 mainly corresponds to the pixel region 10a An
insulating layer 41 is disposed over the common electrode
39 and the organic insulating layer 37. A pixel electrode 43p
is disposed over the insulating layer 41. A part of the pixel
electrode 43p is disposed over the contact 29¢. The pixel
electrode 43p is connected to the contact 29¢ by a via 43k
penetrating through the insulating layer 41, the organic
insulating layer 37, and the insulating layer 35. In FIG. 17,
the polysilicon transistors 11 and 11p in the driving circuit
105 belong to a top gate structure, and the metal oxide
semiconductor transistor 11a in the pixel region 10a belongs
to a bottom gate structure. The silicon oxide layer (e.g. the
buffer layer 19a) between the metal oxide semiconductor
layer 27 and the gate electrode (e.g. the light shielding layer
14), and the silicon oxide layers (e.g. the ILD layer 25 and
the buffer layer 195) on the metal oxide semiconductor layer
27 have openings 33 and 33' corresponding to the aperture
region 11o, as shown in FIG. 17. As such, the number of the
interface between the silicon oxide layer and the silicon
nitride layer in the aperture region 1lo can be reduced,
thereby improving the light transmittance of the array sub-
strate structure 100g.
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The array substrate structure 1007 in FIG. 18 is similar to
that in FIG. 16, and the difference in FIG. 18 is that all the
buffer layers 15, 19a, and 195, the ILD layers 23 and 25, and
the insulating layers 31 and 35 have an opening 33 to
correspond to the aperture region 11o. As such, the organic
insulating layer 37 formed over the insulating layer 35
contacts the substrate 13 through the opening 33. In FIG. 18,
the aperture region 11o is free of the interface of the silicon
oxide layer and the silicon nitride layer, thereby improving
the light transmittance of the array substrate structure 100»

In one embodiment, a bottom gate structure is used for the
polysilicon transistor 11» and the metal oxide semiconductor
transistor 11a, as shown in FIG. 19. Gate electrodes 21 are
disposed over the substrate 13 to correspond to the polysili-
con transistor 11x. The gate electrode 21 is disposed over the
substrate 13 to correspond to the metal oxide semiconductor
transistor 11a. A buffer layer 15 is disposed over the gate
electrodes 21 and the substrate 13, and a buffer layer 19a is
disposed over the buffer layer 15. A polysilicon layer 17
(such as a source region 17s, a channel region 17¢, and a
drain region 17d) is disposed over the buffer layer 19a. A
buffer layer 195 is disposed over the polysilicon layer 17 and
the buffer layer 19a. A source line 2911, a drain line 291.2,
a source electrode 29s, and a drain electrode 294 are
disposed over the buffer layer 195. The source line 2911 is
disposed over the source region 17s, and the source line
2911 is connected to the source region 17s by a via 29/
penetrating through the buffer layer 195. The drain line 291.2
is disposed over the drain region 17d, and the drain line
2912 is connected to the drain region 17d by a via 29k
penetrating through the buffer layer 195. The source elec-
trode 295 and the drain electrode 294 are disposed over both
sides of the metal oxide semiconductor layer 27. The buffer
layers 19a and 195 have an opening 33 to correspond to the
aperture region 110. The above embodiments can be referred
to for details of the other elements such as the pixel electrode
and the common electrode. The silicon oxide layers (e.g. the
buffer layers 194 and 196) in the gate insulating layer
between the metal oxide semiconductor layer 27 and the
gate electrode 21 have an opening 33 corresponding to the
aperture region 11o, as shown in FIG. 19. As such, the
number of the interface between the silicon oxide layer and
the silicon nitride layer in the aperture region 11o can be
reduced, thereby improving the light transmittance of the
array substrate structure.

In one embodiment, both sides of the polysilicon layer 17
of the polysilicon transistor 11z (or 11p) can be covered by
amorphous silicon layers 51, and doped silicon layers 53 are
disposed over the amorphous silicon layers 51, as shown in
FIG. 20.

In one embodiment, as shown in FIG. 21, a display device
200 includes an array substrate structure 210a, an opposite
substrate structure 210¢, and a display medium 2105 dis-
posed therebetween. The array substrate structure can by any
one of the array substrate structure in the above embodi-
ments. The display medium 2105 can be liquid crystals
(LC), organic light-emitting diodes (OLED), micro light-
emitting diodes (micro LED), quantum dot (QD) or other
display elements, and is not limited thereto. The opposite
substrate structure 210¢ can be a color filter substrate or a
transparent substrate, and is not limited thereto. The display
device can be a flexible display, a touch display, or a curved
display, and is not limited thereto.

While the disclosure has been described by way of
example and in terms of the preferred embodiments, it is to
be understood that the disclosure is not limited to the
disclosed embodiments. On the contrary, it is intended to
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cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A display device, comprising:

a substrate comprising a pixel region and a driving circuit,
wherein the pixel region is disposed adjacent to the
driving circuit;

a metal oxide semiconductor transistor disposed over the
substrate and comprising:

a metal oxide semiconductor layer,

a first gate electrode overlapping with the metal oxide
semiconductor layer; and

a gate insulating layer disposed between the metal oxide
semiconductor layer and the first gate electrode, and the
gate insulating layer having a first opening, wherein the
first opening and the pixel region overlap;

a second insulating layer disposed over the metal oxide
semiconductor layer and having a via and a second
opening, wherein the second opening and the first
opening overlap; and

a pixel electrode electrically connected to the metal oxide
semiconductor layer through the via.

2. The display device as claimed in claim 1, wherein the

first opening further extends beyond the pixel region.

3. The display device as claimed in claim 2, wherein the
first opening is adjacent to the driving circuit.

4. The display device as claimed in claim 1, further
comprises a third insulating layer over the second insulating
layer and in the second opening.

5. The display device as claimed in claim 4, wherein the
third insulating layer is in contact with a sidewall of the
second opening.

6. The display device as claimed in claim 4, wherein the
third insulating layer is in contact with the substrate.

7. The display device as claimed in claim 1, further
comprising a thin film transistor adjacent to the first opening.

8. The display device as claimed in claim 7, wherein the
thin film transistor is a polysilicon transistor.

9. The display device as claimed in claim 8, further
comprising a second gate electrode overlapping with a
polysilicon layer of the polysilicon transistor.

10. The display device as claimed in claim 9, wherein the
second gate electrode is disposed over the polysilicon layer.

11. The display device as claimed in claim 9, wherein the
polysilicon layer is disposed over the second gate electrode.

12. The display device as claimed in claim 1, wherein the
first gate electrode is disposed over the metal oxide semi-
conductor layer.

13. The display device as claimed in claim 1, wherein the
metal oxide semiconductor layer is disposed over the first
gate electrode.

14. The display device as claimed in claim 1, further
comprising a source electrode and a drain electrode electri-
cally connected to the metal oxide semiconductor layer.

15. The display device as claimed in claim 1, further
comprising a shielding layer, wherein the metal oxide semi-
conductor layer overlaps the shielding layer.

16. The display device as claimed in claim 1, further
comprising a display medium on the substrate.

17. The display device as claimed in claim 16, wherein the
display medium comprises organic light-emitting diode,
micro light-emitting diode, or quantum dot.
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18. The display device as claimed in claim 1, being a
flexible device.
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