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(57) ABSTRACT

A liquid crystal display unit structure and the manufacturing
method thereof are provided. The liquid crystal display unit
structure comprises a patterned first metal layer with a first
data line segment and a gate line on a substrate; a patterned
dielectric layer covering the first data line and the gate line
having a plurality of first openings and a second opening
therein, a patterned etch stop layer having a first portion
located above the first data line segment and a second portion;
apatterned second metal layer including a common electrode
line, a second data line segment, a source electrode and a
drain electrode, wherein the first portion of the patterned etch
stop layer is between the first data line segment and the
common line; a patterned passivation layer and a patterned
transparent conductive layer.
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LIQUID CRYSTAL DISPLAY UNIT
STRUCTURE INCLUDING A PATTERNED
ETCH STOP LAYER ABOVE A FIRST DATA
LINE SEGMENT

CROSS-REFERENCES TO RELATED
APPLICATIONS

This is a divisional application of patent application Ser.
No. 12/274,775 filed on Nov. 20, 2008, now U.S. Pat. No.
8,199,303. The prior application Ser. No. 12/274,775 claims
the benefit of Taiwan Patent Application No. 096150764 filed
on Dec. 28, 2007, the disclosures of which are incorporated
herein by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of manufacturing
aliquid crystal display unit; and more particularly, the present
invention relates to a method of manufacturing a liquid crystal
display unit for use in a liquid crystal display.

2. Descriptions of the Related Art

Conventionally, thin-film transistor liquid crystal displays
(TFT-LCDs) have had inadequate brightness levels and a high
power consumption of backlight sources thereof One of the
parameters that affect the light emission of an LCD is the
aperture ratio of pixels, which is defined as the ratio of a
light-transmissive area to the pixel area of a pixel. Accord-
ingly, the design of the pixel aperture ratio has a direct influ-
ence on both the utilization of the backlight source and the
brightness of the LCD. Therefore, over recent years, it is
important to improve the aperture ratio (i.e., how to increase
the aperture ratio) of a pixel. New technologies for improving
the aperture ratio of an LCD are also being developed in this
field to obtain an LCD with low power consumption but a
high brightness.

In the design of a TFT-LCD, a conventional method for
increasing the aperture ratio is to enlarge the area of the pixel
electrode (typically a transparent conductive electrode made
of, e.g., Indium Tin Oxide) and have it overlapped with the
source/drain circuit. This may lead to an increase of about
10%~20% in the aperture ratio. However, this makes the pixel
electrode closer to the data line. If the pixel electrode is
disposed too close to the data line, a capacitor Cpd with
excessive parasitic capacitance would be formed therebe-
tween. The impact of the parasitic capacitor Cpd will be
further described hereinbelow.

Intypical TFT elements, a dielectric material ofa relatively
high dielectric constant (e.g., a SINx film) is often provided
between the pixel electrode and the data line. The relatively
high dielectric constant may cause an increase in the Cpd. If
the capacitance value of the parasitic capacitor Cpd goes
excessively high, the fully charged pixel electrode may incur
cross talk prior to transitioning to the next frame under the
influence of different voltages transferred on the data line.
The electrical characteristics brought about by the cross talk
may cause error in the output, and the consequent parasitic
effect may seriously impair the integrity of the signals, caus-
ing error in the image displayed and poorer display quality of
the TFT-LCD.

Up to now, a number of methods for mitigating the effect of
the parasitic capacitor Cpd have been proposed in this field,
one of which is illustrated in FIG. 1. As shown, a common
electrode line 103, a dielectric layer 105, a data line 107, a
passivation layer 109 and a pixel electrode 111 are disposed
on the substrate 101. A storage capacitor Cs is formed
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between the common electrode line 103 and the pixel elec-
trode 111. A parasitic capacitor Cpd exists between the pixel
electrode 111 and the data line 107. The passivation layer 109
in this structure enlarges the distance between the common
electrode line 103 and the pixel electrode 111 to weaken the
effect of the parasitic capacitor Cpd.

However, the structure illustrated in FIG. 1 also leads to an
enlarged distance between the common electrode line 103
and the pixel electrode 111. Consequently, the storage capaci-
tor Cs between the common electrode line 103 and the pixel
electrode 111 is decreased in value, which necessitates the
enlargement of the surface area of the electrodes associated
with the storage capacitor for the total storage capacitor Cst to
remain unchanged. As a result, the enlargement of the elec-
trode surface area implies a decrease in the aperture ratio.
Furthermore, the additional passivation layer 109 renders the
manufacturing process more complex and adds to the produc-
tion cost. In a specific embodiment of this method, the result-
ing black matrix (not shown) above the data line 107 has a
width larger than 20 micrometers (um).

Alternatively, a consistent electric field shield may be pro-
vided between the pixel electrode and the data line to decrease
the parasitic capacitance therebetween. In typical shielding
approaches, ametal shield is often used to clad the conductive
line in expectation of an electric field shielding effect. How-
ever, because the metal shield is disposed too close to the
conductive lines, charge accumulation tends to occur on the
metal shield due to the electric field coupling between the
metal shield and the conductive line. Hence, the metal shield
has to be grounded or connected to a constant voltage to
obviate the charge accumulation thereon while still serving a
shielding function.

FIG. 2 depicts a structure with a metal shield and a high
aperture ratio. In this structure, a first insulating layer 203, a
second insulating layer 205, a data line 207, a third insulating
layer 209, a pixel electrode 211, and a storage electrode 213
are disposed on a substrate 201. The storage electrode 213,
which is at a common potential, is interposed between the
data line 207 and the pixel electrode 211 and configured to
shield the effect of the parasitic capacitor Cpd between the
data line 207 and the pixel electrode 211. This method
imposes less impact on the aperture ratio, and in the specific
embodiment of this method, the width of the resulting black
matrix (not shown) above the data line 207 is decreased to 10
um. However, as compared to typical pixel structures, this
method requires an additional insulating layer and an addi-
tional metal layer to shield the electrode. This renders the
manufacturing process more complex and adds to both the
production duration and cost.

There are also other means for decreasing the parasitic
capacitor Cpd. For example, the storage capacitor can be
increased to decrease the proportion of the parasitic capacitor
Cpd that accounts for the total capacitor C,,,,; of a sub-pixel
unit. However, if the storage capacitor is to be increased in
size, the area of the opaque electrodes associated with the
storage capacitor has to be increased, which will adversely
affect the aperture ratio. Another method is to coat a low-k
organic insulator film (K=2.7~3.5) on appropriate locations
through a photo-imaging and an SOG process to weaken the
effect of the parasitic capacitor between the data line and the
pixel electrode or even to overlap the pixel electrode with the
data line. However, the drawbacks of the low-k organic insu-
lator film such as water absorption, yellowed and poor inter-
face adhesion may have an adverse impact on the production
yield and throughput. Alternatively, during the design of the
pixel, a distance larger than a certain value may be kept
between the pixel electrode and the data line. However, the
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aperture ratio is compromised as the distance gets larger,
although the effect of the parasitic capacitor Cpd is weakened
accordingly.

Although the aforesaid methods may weaken the effect of
the parasitic capacitor Cpd, there are still many drawbacks.
For example, they have adverse impact on the aperture ratio,
render the manufacturing process complex, and add to both
production time and cost. Therefore, it is still important to
overcome the effect of the parasitic capacitor Cpd between
the data line and the pixel electrode. In view of this, it is highly
desirable in the art to provide a method for manufacturing a
liquid crystal display unit that can weaken the effect of the
parasitic capacitor Cpd.

SUMMARY OF THE INVENTION

This invention obviates the effect of the parasitic capacitor
and eliminates the drawbacks such as a complex manufactur-
ing process and added production duration and cost as con-
fronted by the solutions of the prior art.

One objective of this invention is to provide a method for
manufacturing a liquid crystal display unit structure, com-
prising the following steps: forming a patterned first metal
layer on a substrate, wherein the patterned first metal layer
includes a first data line segment and a lower gate pad; form-
ing a patterned dielectric layer to define a plurality of first
openings on the first data line segment and to define a second
opening on the lower gate pad; forming a patterned second
metal layer including a common electrode line, a second data
line segment and a upper gate pad, wherein the upper gate pad
is electrically connected to the lower gate pad via the second
opening, and the second data line segment is electrically
connected to the first data line segment via the first openings;
forming a patterned passivation layer; and forming a pat-
terned transparent conductive layer.

Another objective of this invention is to provide a method
for manufacturing a liquid crystal display unit structure, com-
prising the following steps: forming a patterned first metal
layer on a substrate, the patterned first metal layer including a
gate line, a first data line segment and a lower gate pad;
forming a dielectric layer, a semiconductor layer and a pho-
toresist layer sequentially on the substrate; patterning the
photoresist layer by using a halftone mask; removing part of
the photoresist layer to form a plurality of first openings to
expose the surface of the semiconductor layer over two ter-
minals of the first data line segment, and to form at least one
second opening to expose the surface of the semiconductor
layer over the lower gate pad; removing the exposed semi-
conductor layer and/or the dielectric layer below the exposed
semiconductor layer within the first openings and the second
opening; removing part of the photoresist layer to keep at
least the residual of the photoresist layer on the gate line;
removing the semiconductor layer uncovered by the photo-
resist layer; removing the residual of the photoresist layer to
form a patterned dielectric layer and a patterned semiconduc-
tor layer; forming a patterned second metal layer with a
common electrode line, a second data line segment and a
upper gate pad on the patterned dielectric layer and the pat-
terned semiconductor layer, wherein the second data line
segment is electrically connected to the first data line segment
via the first openings, and the upper gate pad is electrically
connected to the lower gate pad via the second opening;
forming a patterned passivation layer; and forming a pat-
terned transparent conductive layer.

Still another objective of this invention is to provide a
method for manufacturing a liquid crystal display unit struc-
ture, comprising the following steps: forming a first data line
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segment and a patterned dielectric layer covering the first data
line segment on a substrate, wherein the patterned dielectric
layer has a plurality of first openings that are located on the
two terminals of the first data line segment; forming a pat-
terned semiconductor layer on the substrate; forming a sec-
ond data line segment and a common electrode line on the
patterned semiconductor layer, wherein the second data line
segment is electrically connected to the first data line segment
via the first openings; forming a patterned passivation layer;
and forming a patterned transparent conductive layer.

Yet a further objective of this invention is to provide a
method for manufacturing a liquid crystal display unit struc-
ture, comprising the following steps: forming a first data line
segment and a dielectric layer covering the first data line
segment on a substrate; forming a first semiconductor layer;
forming an etch stop layer on the first semiconductor layer
located above the first data line segment; forming a second
semiconductor layer on the first semiconductor layer and the
etch stop layer; exposing the first data line segment at the two
terminals thereof, and patterning the dielectric layer, the first
semiconductor layer and the second semiconductor layer by
etching the dielectric layer, the first semiconductor layer and
the second semiconductor layer to define a plurality of first
openings on the dielectric layer; forming a second data line
segment and acommon electrode line on the patterned second
semiconductor layer, wherein the second data line segment is
electrically connected to the first data line segment via the
first openings; forming a patterned passivation layer; and
forming a patterned transparent conductive layer.

Still a further objective of this invention is to provide a
liquid crystal display unit structure, comprising the follow-
ing: a first data line segment formed on a substrate; a pat-
terned dielectric layer formed on the first data line segment; a
patterned first semiconductor layer formed on the patterned
dielectric layer; a patterned second semiconductor layer
formed on the patterned first semiconductor layer; and a
common electrode line and a second data line segment
formed on the patterned second semiconductor layer, wherein
the patterned dielectric layer defines a plurality of first open-
ings on two terminals of the first data line segment for elec-
trically connecting the first data line segment connected to the
second data line segment.

The detailed technology and preferred embodiments
implemented for the subject invention are described in the
following paragraphs accompanying the appended drawings
forpeople skilled in this field to well appreciate the features of
the claimed invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a solution of the prior art;

FIG. 2 is a schematic view of another solution of the prior
art;

FIGS. 3A to 3N are schematic views of a manufacturing
process in accordance with the first embodiment of this inven-
tion, wherein FIG. 3E to FIG. 3H schematically illustrate the
complete manufacturing process of FIG. 3D by using a half-
tone mask to perform lithography and etching processes;

FIGS. 4A to 4L are schematic views of a manufacturing
process in accordance with the second embodiment of this
invention; and

FIGS. 5A to 5L are schematic views of a manufacturing
process in accordance with the third embodiment of this
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 3A to 3N are schematic views of the first embodi-
ment of this invention. FIG. 3A is a top view of FIG. 3B. FIG.
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3B is a schematic cross-sectional view taken along the lines
AA',BB', CC'and DD'in FIG. 3A. First, in reference to FIG.
3B, a patterned first metal layer 303 is formed on a substrate
301. The substrate 301 is typically a glass substrate, espe-
cially glass free of alkali metal ions (e.g., sodium ions, potas-
sium ions and etc.) with a low thermal expansion coefficient.
Subsequent to an appropriate cleaning of the substrate 301, a
metal material is applied onto the entire substrate 301 through
a suitable process, for example, a deposition or sputtering
process. Then, unnecessary portions of the metal material are
removed through lithography and etching processes, leaving
a patterned first metal layer 303 formed on the substrate 301.
Alternatively, a patterned first metal layer 303 may be formed
directly on the substrate through a printing or a similar pro-
cess. Those of ordinary skill in the art may appreciate that the
patterned first metal layer 303 is not limited to aforemen-
tioned formation processes, but may also be formed by other
processes depending on the requirements.

Furthermore, depending on the requirements of the manu-
facturing process, the material of the patterned first metal
layer 303 may be selected from a group consisting of molyb-
denum, tantalum, chromium, tungsten, aluminum, other con-
ductive metals, or alloys thereof The patterned first metal
layer 303 may also be incorporated into a multi-layer struc-
ture. For example, a barrier layer is provided and the patterned
first metal layer 303 is then formed on the barrier layer to
avoid diffusion of metal ions into the substrate.

The patterned first metal layer 303 formed as described
above comprises a first data line segment 3031, a lower gate
pad 3033 and a gate line 3035. The gate line 3035 passes
through a transistor region 3011 of the liquid crystal display
unit structure and electrically connected with the lower gate
pad 3033.

Next, in reference to FIG. 3C and FIG. 3D in which FIG.
3C is a top view of FIG. 3D, a patterned dielectric layer 305
and a patterned semiconductor layer 313 are formed. The
patterned dielectric layer 305 comprises a plurality of first
openings 319 defined on the first data line segment 3031 to
expose the terminals of the first data line segment 3031 and a
second opening 317 to expose the lower gate pad 3033. The
procedures are as follows. Although this invention may also
choose other methods, steps or execution sequences depend-
ing on the practical requirements, such as disposing the
dielectric material and the semiconductor material in
sequence on the entire substrate 301 through a chemical vapor
deposition (CVD) process. Then, a patterned dielectric layer
305 and a patterned semiconductor layer 313 are formed
through lithography and etching processes, such as the half-
tone process. The patterned dielectric layer 305 may be made
of silicon nitride or other dielectric materials.

In another method, a dielectric material is applied to the
entire substrate 301 through a CVD process, and then the
unnecessary portions of the dielectric material are removed
through lithography and etching processes to form the pat-
terned dielectric layer 305 comprising the first openings 319
and the second opening 317 described above. Subsequently, a
semiconductor material is applied to the entire substrate 301
through a CVD process, and the unnecessary portions of the
semiconductor material are removed through lithography and
etching processes to form the pattern semiconductor layer
313, also as shown in FIG. 3D.

The patterned semiconductor layer 313 is disposed on the
patterned dielectric layer 305 in the transistor region 3011 of
the liquid crystal display unit structure. Depending on the
requirements, the semiconductor layer 313 may be incorpo-
rated into a multi-layer structure. In the following description,
the patterned semiconductor layer 313 comprising a pat-
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terned first semiconductor layer 3131 and a patterned second
semiconductor layer 3133 on the patterned first semiconduc-
tor layer 3131 will be described as an example. The patterned
first semiconductor layer 3131 may be an amorphous-silicon
layer, and the patterned second semiconductor layer 3133
may be an N-type ion heavily doped amorphous-silicon layer.
The patterned second semiconductor layer 3133 is formed on
the patterned first semiconductor layer 3131 by in-situ doped
deposition, or by doping N-type ions into the patterned first
semiconductor layer 3131 through an implantation, or pro-
cess of the like. The semiconductor layer described above
may be an amorphous-silicon layer or other materials.

Another method to shorten the duration of producing a
liquid crystal display panel is to perform the lithography and
etching processes by using a half-tone mask to obtain the
structure of FIG. 3D with a reduced number of manufacturing
processes. FIGS. 3E to 3H depict the method of forming the
structure of FIG. 3D by using the half-tone mask to perform
the lithography and etching processes. This is described as
follows. First, in reference to FIG. 3E, a dielectric layer 305",
a semiconductor layer 313'and a pattern photoresist layer 315
are formed in sequence on the substrate 301. The semicon-
ductor layer 313' comprises a first semiconductor layer 3131
and a second semiconductor layer 3133' on the first semicon-
ductor layer 3131'. The pattern photoresist layer 315 is
formed by the halftone mask and has three portions with three
thicknesses. The first portion of the pattern photoresist layer
315 is located in the transistor region 3011 of the liquid
crystal display unit structure and has a thickness higher than
the other portions of the pattern photoresist layer 315. The
third portion of the patterned photoresist layer 315 is removed
at locations where the first openings 319 and the second
opening 317 are to be formed, i.e., portions atop the lower
gate pad 3033 and portions atop a part of the first data line
segment 3031 respectively. Next, as shown in FIG. 3F, an
etching process is performed to remove portions of the semi-
conductor layer 313' exposed through the first openings 319
and the second opening 317. The portions of the dielectric
layer 305' within the first openings 319 and the second open-
ing 317 are removed as well to expose the lower gate pad 3033
and the terminals of the first data line segment 3031.

Thereafter, as shown in FIG. 3G, portions of the pattern
photoresist layer 315 are further removed through a photore-
sist removing process. In this step, the first portion of the
pattern photoresist layer 315 remains at least above the gate
line 3035 in the transistor region 3011 of the liquid crystal
display unit structure, and at least the semiconductor layer
313' on the first data line segment 3031 is exposed. Then, as
shown in FIG. 3H, the semiconductor layer 313" uncovered by
the pattern photoresist 315 is removed to form the patterned
semiconductor layer 313. Finally, the residual photoresist
layer 315 is removed to form the structure as shown in FIG.
3D.

Next, FIG. 31 is a top view of FIG. 3J. A patterned second
metal layer 307, which may be designed either in a display
area or in a peripheral circuit area, is formed. The patterned
second metal layer 307 thus formed comprises a common
electrode line 3071, an upper gate pad 3073, source/drain
electrodes 3075 and a second data line segment 3077. The
source/drain electrodes 3075 are disposed on a portion of the
patterned semiconductor layer 313 above the gate line 3035,
and are electrically connected to the overlapped portion of the
patterned semiconductor layer 313. Portion of the patterned
second metal layer 307 is electrically connected to the pat-
terned first metal layer 303 via the first openings 319 and the
second opening 317. In more detail, the first data line segment
3031 is electrically connected to the second data line segment
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3077 via the first openings 319, so that the first data line
segment 3031 and the second data line segment 3077 form
together a data line necessary for the liquid crystal display
unit. The upper gate pad 3073 is electrically connected to the
lower gate pad 3033 via the second opening 317, so that the
gate line 3035 is electrically connected with the upper gate
pad 3073. The common electrode line 3071 has a portion
parallel to the data line and covering the first data line seg-
ment, which serves as a shielding common electrode line. The
portion of the common electrode line 3071 covering the first
data line segment 3031 has a width larger than a width of the
first data line segment 3031.

The processes to form the patterned second metal layer 307
are as follows. Although this invention may also choose other
processes, steps or execution sequences depending on prac-
tical requirements and is not merely limited thereto: a metal
material is applied on the entire surface through a sputtering
process, and then the unnecessary portions of the metal layer
are removed through lithography and etching processes to
form the patterned second metal layer 307. Depending on the
requirements in practical applications, the patterned second
metal layer 307 may be made of a material identical to or
different from that of the patterned first metal layer 303.
Additionally, because the patterned semiconductor layer 313
in this embodiment includes the patterned first semiconductor
layer 3131 and the patterned second semiconductor layer
3133, a dry etching process or another appropriate process is
typically used to etch the patterned second semiconductor
layer 3133 above the gate line to further expose the patterned
first semiconductor layer 3131.

Next, as shown in both FIG. 3K and FIG. 3L in which FIG.
3K is atop view of FIG. 3L a patterned passivation layer 309
is formed in the following way (but not limited thereto). A
dielectric layer is formed on the entire surface through a CVD
process. Then, unnecessary portions of the dielectric layer are
removed to form the patterned passivation layer 309 through
lithography and etching processes. This step includes form-
ing the second opening 317 to expose a portion of the top
surface of the upper gate pad 3073 above a lower gate pad
3033, and forming a third opening 321 at an appropriate
location above the source/drain electrode 3075 to expose a
portion of the source/drain electrode 3075. Of course,
depending on the requirements in practical applications,
other processes, steps or execution sequences may also be
used to form the patterned passivation layer 309. The pat-
terned passivation layer 309 may be made of silicon nitride or
other materials.

Finally, referring to FIG. 3M and FIG. 3N in which FIG.
3M is a top view of FIG. 3N, a patterned transparent conduc-
tive layer 311 is formed. The patterned transparent conduc-
tive layer 311 has two portions, in which one is electrically
connected to the source/drain electrode 3075 via the third
opening 321 and the other one is electrically connected to the
upper gate pad 3073 via the second opening 317. The one
electrically connected to the source/drain electrode 3075 is
also called a pixel electrode. The transparent conductive
material is applied onto the entire surface typically through a
sputtering process. Then unnecessary portion of conductive
material is removed through lithography and etching pro-
cesses to form the patterned conductive layer 311. Of course,
depending on requirements in practical applications, other
processes may also be used to form the patterned transparent
conductive layer 311. The patterned transparent conductive
layer 311 may be made of indium tin oxide or other materials.
Itis noted that the pixel electrode partially overlaps the shield-
ing common electrode line 3071 parallel to and covering the
first data line segment 3031 to form a storage capacitor.
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In this embodiment, the problem of the parasitic capacitor
Cpd is solved by the shielding common electrode line without
impacting on the aperture ration or rendering the manufac-
turing process complex. Moreover, the method of this
embodiment only utilizes five photo masks as the halftone
mask is utilized. Thus, the production time and cost are fur-
ther saved.

FIGS. 4A to 4L are schematic views of a second embodi-
ment of this invention. FIG. 4A is atop view of FIG. 4B, while
FIG. 4B is a schematic cross-sectional view taken along the
lines AA', BB', and CC' in FIG. 4A. As may be appreciated by
those of ordinary skill in the art, the steps of the first embodi-
ment may also be applied to this embodiment, and thus some
of corresponding descriptions will be omitted as appropriate
in this embodiment. First, as shown in FIG. 4B, the patterned
first metal layer 403 is formed on a substrate 401. The pat-
terned first metal layer 403 comprises a first data line segment
4031 and a gate line 4035.

Next, as shown in FIG. 4C and FIG. 4D in which FIG. 4C
is a top view of FIG. 4D, a dielectric layer 405' is formed.
Afterwards, a patterned semiconductor layer 413 is formed
above the portions of the first data line segment 4031 and the
gate line 4035. The patterned semiconductor layer 413 com-
prises a patterned first semiconductor layer 4131 and a pat-
terned second semiconductor layer 4133. The patterned first
semiconductor layer 4131 may be an amorphous-silicon
layer, and the patterned second semiconductor layer 4133
may be an N-type ion heavily doped amorphous-silicon layer,
although they are not merely limited thereto. The patterned
semiconductor layer 413 is formed by (but is not limited to)
the following steps: a first semiconductor layer is formed
widely on the dielectric layer 405", followed by formation of
a second semiconductor layer on the first semiconductor
layer, and then lithography and etching processes are per-
formed to pattern the first semiconductor layer and the second
semiconductor layer simultaneously, thus forming the pat-
terned semiconductor layer 413. Alternatively, the patterned
first semiconductor layer 4131 and the patterned second
semiconductor layer 4133 may also be formed respectively to
form the patterned semiconductor layer 413.

Next, as shown in FIG. 4E and FIG. 4F in which FIG. 4E is
a top view of FIG. 4F, portions of the dielectric layer 405' is
removed to form the patterned dielectric layer 405, including
the formation of a plurality of first openings 417 in the dielec-
tric layer 405' above the terminals of the first data line seg-
ment 4031. Next, as shown in FIG. 4G and FIG. 4H in which
FIG. 4G is a top view of FIG. 4H, a second data line segment
4077, a common electrode line 4071 and a source/drain elec-
trode 4075 are formed respectively on the first data line seg-
ment 4031 within the first opening 417, the patterned second
semiconductor layer 4133 above the portion of the data line
segment 4031 and the patterned second semiconductor layer
4133 above the gate line 4035. The second data line segment
4077 is electrically connected with the first data line segment
4031 viarthe first openings 417, and the source/drain electrode
4075 is electrically connected with the patterned second
semiconductor layer 4133 above the gate line 4035.

Next, as shown in FIG. 41 and FIG. 4] in which FIG. 41 is
a top view of FIG. 4], a patterned passivation layer 409 is
formed, and a second opening 421 is formed at an appropriate
location above the source/drain electrode 4075 to expose a
portion of the source/drain electrode 4075. The passivation
layer 409 may be made of silicon nitride or other materials.
Finally, in reference to FIG. 4K and FIG. 4L in which FIG. 4K
is a top view of FIG. 4L, a patterned transparent conductive
layer 411 is formed. The patterned transparent conductive
layer 411 is electrically connected to the source/drain elec-
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trode 4075 via the second opening 421. The patterned trans-
parent conductive layer 411 may be made of indium tin oxide
or other materials.

FIGS. 5A to 5L are schematic views of another embodi-
ment of this invention. FIG. 5A is a top view of FIG. 5B. FIG.
5B is a schematic cross-sectional view taken along the lines
AA',BB',and CC'in FIG.5A. As may be appreciated by those
of ordinary skill in the art, the steps of the first embodiment
may also be applied to this embodiment, and thus some of
corresponding descriptions will be omitted as appropriate in
this embodiment. First, as shown in FIG. 5B, a patterned first
metal layer 503 is formed on a substrate 501. The patterned
first metal layer 503 comprises a first data line segment 5031
and a gate line 5035.

Next, as shown in FIG. 5C and FIG. 5D in which FIG. 5C
is a top view of FIG. 5D, a dielectric layer 505' is formed.
Afterwards, a first semiconductor layer 5131' is formed. Sub-
sequently, an etch stop layer 515 is formed above the portions
of the first data line segment 5031 and the gate line 5035. In
reference to FIG. 5E and FIG. 5F in which FIG. 5E is a top
view of FIG. 5F, a second semiconductor layer 5133' is
formed on the first semiconductor layer 5131' and the etch
stop layer 515. The first semiconductor layer 5131' may be an
amorphous-silicon layer, the second semiconductor layer
5133' may be an N-type ion heavily doped amorphous-silicon
layer, and the etch stop layer 515 may be made of a material
selected from the group consisting of silicon nitride, silicon
oxide, silicon oxynitride, and an organic material.

Next, as shown in FIG. 5G and FIG. 5H in which FIG. 5G
is a top view of FIG. 5H, the dielectric layer 505', the first
semiconductor layer 5131' and the second semiconductor
layer 5133' are etched to form a patterned dielectric layer 505,
a patterned first semiconductor layer 5131 and a patterned
second semiconductor layer 5133. Meanwhile, a plurality of
first openings 517 are defined in the dielectric layer 505' to
expose the terminals of the first data line segment 5031. Then,
a second data line segment 5077 is formed in the first opening
517, acommon electrode line 5071 is formed above a portion
of the first data line segment 5031, and a source/drain elec-
trode 5075 is formed on the patterned second semiconductor
layer 5133 above the gate line 5035 simultaneously. The
second data line segment 5077 is electrically connected with
the first data line segment 5031 via the first openings 517, and
the source/drain electrode 5075 is electrically connected with
the patterned second semiconductor layer 5133 above the
gate line 5035.

Next, in reference to FIG. 51 and FIG. 5] in which FIG. 51
is a top view of FIG. 5], a patterned passivation layer 509 is
formed, and a second opening 521 is formed at an appropriate
location above the source/drain electrode 5075 to expose a
portion of the source/drain electrode 5075. The passivation
layer 509 may be made of silicon nitride or other materials.
Finally, as shown in FIG. 5K and FIG. 5L in which FIG. SK
is a top view of FIG. 5L, a patterned transparent conductive
layer 511 is formed. The patterned transparent conductive
layer 511 is electrically connected to the source/drain elec-
trode 5075 via the second opening 521. The patterned trans-
parent conductive layer 511 may be made of indium tin oxide
or other materials.

In conclusion, this invention solves the problems related to
the effects of a parasitic capacitor Cpd by forming the com-
mon electrode above a portion of the data line in manufactur-
ing a liquid crystal display unit. If a half-tone mask is adopted
for the lithography process, this invention may further sim-
plify the manufacturing process, and save both production
time and cost. If the aforesaid semiconductor layer and/or
etch stop layer are further provided between the patterned
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transparent conductive layer and the data line, this invention
may further decrease the load of the data line when transmit-
ting a signal. Therefore, this invention is of great value to the
industry.

The above embodiments are not limited to what illustrated
in the drawings, and various different aspects, processes,
steps or execution sequences will readily occur to those of
ordinary skill in the art upon reviewing the technical disclo-
sure herein. For example, optionally, a dielectric layer may be
further disposed between the patterned first semiconductor
layer 3131 and the patterned second semiconductor layer
3133 in the first embodiment to serve as an etch stop layer, or
a barrier layer may be disposed beneath the metal layers in
these embodiments.

The above disclosure is related to the detailed technical
contents and inventive features thereof People skilled in this
field may proceed with a variety of modifications and replace-
ments based on the disclosures and suggestions of the inven-
tion as described without departing from the characteristics
thereof. Nevertheless, although such modifications and
replacements are not fully disclosed in the above descrip-
tions, they have substantially been covered in the following
claims as appended.

What is claimed is:

1. A liquid crystal display unit structure formed on a sub-
strate, comprising:

a patterned first conductive layer, including a first data line

segment and a gate line, formed on the substrate;

a dielectric layer, covering the first data line segment and
the gate line, the dielectric layer having at least two first
openings exposing two terminals of the first data line
segment;

a patterned first semiconductor layer, formed on the dielec-
tric layer, the patterned first semiconductor layer includ-
ing at least a portion located above the gate line;

a patterned etch stop layer, having a first portion and a
second portion, the first portion of the patterned etch
stop layer being located above the first data line segment,
the second portion of the patterned etch stop layer being
located on the patterned first semiconductor layer above
the gate line;

a patterned second conductive layer, including a source
electrode, a drain electrode, a second data line segment
and a common electrode line, wherein the second data
line segment is electrically connected to the first data
line segment via the first openings and the common
electrode line has a portion substantially covering the
first portion of the patterned etch stop layer located
above the first data line segment, and wherein the source
electrode and the drain electrode are located on two sides
of the second portion of the patterned etch stop layer and
the patterned first semiconductor layer, and the source
electrode and the drain electrode are electrically con-
nected to the patterned first semiconductor layer;

a patterned passivation layer, covering the source elec-
trode, the drain electrode, the second data line segment
and the common electrode line; and

a patterned transparent conductive layer, formed on the
patterned passivation layer and electrically connected to
the drain electrode.

2. The structure as claimed in claim 1, wherein the pat-
terned first conductive layer includes a patterned first metal
layer.

3. The structure as claimed in claim 1, wherein the pat-
terned second conductive layer includes a patterned second
metal layer.
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4. The structure as claimed in claim 1, wherein the pat-
terned first semiconductor layer includes an amorphous sili-
con layer.

5. The structure as claimed in claim 1, wherein further
comprising a patterned second semiconductor layer located
between the source electrode, the drain electrode and the
patterned first semiconductor layer.

6. The structure as claimed in claim 5, wherein the pat-
terned second semiconductor layer includes an N-type ion
heavily doped amorphous silicon layer.

7. The structure as claimed in claim 1, wherein a material of
the etch stop layer is selected from the group consisting of
silicon nitride, silicon oxide, silicon oxynitride, and organic
material.

8. The structure as claimed in claim 1, wherein the pat-
terned passivation layer comprises a silicon nitride layer.

9. The structure as claimed in claim 1, wherein the pat-
terned transparent conductive layer comprises an indium tin
oxide (ITO) layer.

10. A liquid crystal display unit structure formed on a
substrate, comprising:

a first data line segment, formed on the substrate;

a gate line, formed on the substrate;

a dielectric layer, covering the first data line segment and
the gate line, the dielectric layer having at least two first
openings exposing two terminals of the first data line
segment;

10
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a patterned first semiconductor layer, formed on the dielec-
tric layer, the patterned first semiconductor layer includ-
ing at least a portion located above the gate line;

a patterned etch stop layer, having a first portion and a
second portion, the first portion of the patterned etch
stop layer being located above the first data line segment,
the second portion of the patterned etch stop layer being
located on the patterned first semiconductor layer above
the gate line;

a source electrode and a drain electrode, formed on two
sides of the second portion of the patterned etch stop
layer and the patterned first semiconductor layer, and
electrically connected to the patterned first semiconduc-
tor layer;

a second data line segment, electrically connected to the
first data line segment via the first openings;

a common electrode line, having a portion substantially
covering the first portion of the patterned etch stop layer
located above the first data line segment;

a patterned passivation layer, covering the source elec-
trode, the drain electrode, the second data line segment
and the common electrode line; and

a patterned transparent conductive layer, formed on the
patterned passivation layer and electrically connected to
the drain electrode.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

S EREESE

BEG®)

BEt-—MERERETAMREMNES S, RSERETENaERE ~07
CHE—SERE , HEAE - WIEABNER L WMRe B —5E
RAMRENERCNEE  HFEESAE—FONE—FO , BX
e R EENTE - HERB L AN E— B NE—By BR
CHE—SBEAEARSNS  T-RERE  FORARDR , &
hE R RS L BN E— BT E— MRS BN RS Y E ER

RBETRETENERAEE - BRERLRLANRRCUZFLR

US8339559

US13/466195

R BBRHBRLE

RIEH .

Rk .

LEE LIU CHUNG
LIN HSIANG LIN
HUANG KUO YU

LEE, LIU-CHUNG
LIN, HSIANG-LIN
HUANG, KUO-YU

2012-12-25

2012-05-08

patsnap

GO02F1/136 G02F1/1343 HO1L29/04 HO1L29/15 HO1L31/00 HO1L27/14 HO1L31/036 GO2F1/1333

HO1L29/10

GO02F1/13458 G02F1/136227 HO1L27/1288 HO1L27/1255 HO1L27/124 GO2F2001/136218

ROBINSON , MARK

096150764 2007-12-28 TW

US20120218489A1

Espacenet USPTO

LR ME RN ERSBE,

B
-3 C

I LG

- —— B

511



https://share-analytics.zhihuiya.com/view/b88627c5-ad91-4de9-a912-d763797bf2b8
https://worldwide.espacenet.com/patent/search/family/040797801/publication/US8339559B2?q=US8339559B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8339559.PN.&OS=PN/8339559&RS=PN/8339559

