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(7) ABSTRACT

A liquid crystal display device and method for manufacturing
the same are provided. A liquid crystal display (LCD) with a
touch function includes: a pixel thin film transistor (TFT) ina
display area, and abuffer TFT ofa gate driver in a non-display
area, wherein a lightly-doped drain (LDD) length of the
buffer TFT is shorter than a lightly doped drain (LDD) length
of the pixel TFT.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2012-0043074,
filed on Apr. 25, 2012, in the Korean Intellectual Property
Office, the entire disclosure of which is incorporated by ref-
erence herein for all purposes.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to a flat display

device, and more particularly, to a liquid crystal display
(LCD) device with a touch function which facilitates
improved display and touch sensing performance, and a
method for manufacturing the same.

[0004] 2. Discussion of the Related Art

[0005] As a substitute for an input device such as a mouse
or a keyboard according to the related art, a touch screen is
widely used, wherein the touch screen facilitates direct input
of information to a screen through the use of finger or pen/
stylus. Thus, an application of the touch screen is gradually
increased owing to an advantage of easy operation.

[0006] When the touch screen is applied to an LCD device,
the touch screen is provided inside a thin film transistor (TFT)
array substrate (lower substrate) of a liquid crystal panel to
obtain slimness. To decrease a thickness of device, the touch
screen and the liquid crystal panel are formed as one body.
[0007] For example, an in-cell touch type LCD device has
been developed, wherein a common electrode on the TFT
array substrate functions as a touch electrode, and a sensing
line (RX line and TX line) for connection of the common
electrode (touch electrode) is additionally formed.

[0008] FIG. 1 illustrates an LCD device according to the
related art.
[0009] With reference to FIG. 1, an active area 10 for dis-

playing images is formed on a TFT array substrate, and the
active area 10 1s provided with a plurality of pixels formed in
a matrix configuration.

[0010] Also, a non-display area is formed in the periphery
of the active area 10. At one side of the non-display area, there
is a GIP (gate-in-panel) type gate driver 20 among driving
circuits. At the other side of the non-display area, there is a
pad 30 for connecting the active area 10 with the driving
circuits.

[0011] FIG. 2 illustrates problems of the LCD device
according to the related art.

[0012] With reference to FIG. 2, the pixel is defined by
crossing a gate line 40 and a data line 50. Adjacent to a
crossing portion of the gate line 40 and the data line 50, a thin
film transistor (TFT) is formed.

[0013] Fora common electrode to function as a touch elec-
trode, a sensing line is formed on the TFT array substrate, to
thereby connect the common electrodes in the X-axis direc-
tion and Y-axis direction.

[0014] For example, the sensing line may comprise a driv-
ing line (TX line) 60 supplied with a touch driving signal, and
a receiving line (RX line) 70 for detecting a capacitance
according to the touch driving signal.
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[0015] For a display period, a common voltage (Vcom) is
supplied to the common electrode, to thereby display images.
For a non-display period, the common electrode is driven as
the touch electrode, to thereby sense the change of capaci-
tance according to a touch.

[0016] In order to improve reliability of LTPS (low tem-
perature polysilicon)-based TFT and leakage current charac-
teristics of TFT off-state, a lightly doped drain (LDD) region
is formed by lightly doping source and drain regions of TFT
with a dopant. In this case, driving reliability and current-
voltage (I-V) characteristics of the TFT are largely influenced
by an LDD length.

[0017] According to the reliability of TFT and TFT off-
state characteristics, the LCD device according to the related
art is designed to have the same LDD length both in the TFT
of the active area and the TFT of the GIP buffer 22. Thus, an
interference occurs between display driving and touch driv-
ing due to deterioration of ON-State Resistance (R ) char-
acteristics of the TFT.

[0018] The LDD of the TFT in the GIP buffer 22 of the
in-cell touch type liquid crystal panel is formed to improve
the reliability and TFT off-state characteristics. However, the
LDD occupies 70-80% of the entire resistance of TFT, which
causes the increase of series resistance between source and
drain. Thus, while the TFT reliability and TFT off-state char-
acteristics are improved by the LDD, the touch characteristics
are deteriorated due to the deteriorated R, characteristics.

[0019] In the in-cell type touch panel, structures for the
touch driving are provided inside the liquid crystal panel,
whereby the interference occurs between displaying charac-
teristics and touch driving characteristics. Improving the R,
characteristics of the TFT decreases the interference between
display driving and touch driving.

[0020] The touch driving signal for the touch driving leaks
into a parasitic capacitance (Cpry, Cops Croryv Corx Cand)
inside the panel, thereby causing noise. Improving the R,
characteristics of the TFT removes the noise.

[0021] For improvement of the R, characteristics of TFT,
the LDD length is decreased. However, since the LDD length
has effects on the reliability of TFT and the TFT off-state
characteristics, it is difficult to decrease the LDD length.

[0022] To improve the touch characteristic, the LDD length
has to be designed in consideration of the decrease of leakage
current in the active area 10 and the uniformity of parasitic
capacitance. However, the related art does not overcome these
problems.

SUMMARY

[0023] Embodiments of the present invention relate to a
liquid crystal display device and method for manufacturing
the same. Accordingly, embodiments of the present invention
are directed to provide an array substrate of LCDs and a
manufacturing method thereof that substantially obviate one
or more problems due to limitations and disadvantages of the
related art.

[0024] An object is to provide an LCD device which
decreases an interference between display driving and touch
driving of an in-cell type touch panel, and a method for
manufacturing the same.

[0025] Another object is to provide an LCD device which
improves R, characteristics of TFT, and a method for manu-
facturing the same.
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[0026] Another object of embodiments is to provide an
LCD device which decreases noise inside a liquid crystal
panel on a touch-driving mode, and a method for manufac-
turing the same.

[0027] Another objectis to provide an LCDdevice in which
an LDD length is designed in consideration of reliability of
GIP buffer TFT, and a method for manufacturing the same.
[0028] Another objectis to provide an LCDdevice in which
an LDD length is designed in consideration of leakage current
characteristics of TFT off-state and uniformity of parasitic
capacitance inside the panel (gate to source/drain capaci-
tance).

[0029] A further object is to provide an LCD device in
which an LDD length of a tail TFT connected with a GIP
buffer is designed in consideration of R, characteristics of
the TFT.

[0030] Advantages, objects, and features of the disclosure
will be set forth in part in the description which follows and in
part will become apparent to those having ordinary skillin the
art upon examination of the following or may be learned from
practice of the invention. The objectives and other advantages
of the invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0031] To achieve these objects and other advantages and in
accordance with the purpose according to one aspect of the
invention, there is provided a liquid crystal display (LCD)
with a touch function, including: a pixel thin film transistor
(TFT)in a display area, and a buffer TFT of a gate driver in a
non-display area, wherein a lightly-doped drain (LDD)
length of the buffer TFT is shorter than a lightly doped drain
(LDD) length of the pixel TFT.

[0032] In another aspect, there is provided a method for
manufacturing an LCD device with a touch function, the
method including: forming a pixel thin film transistor (TFT)
with a lightly doped drain (LDD) having a first length in a
display area, forming a buffer TFT of a gate driver with an
LDD having a second length in a non display area, wherein
the second length is shorter than the first length.

[0033] Itistobeunderstood that both the foregoing general
description and the following detailed description are
examples and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate implementations of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0035] FIG. 1 illustrates an LCD device according to the
related art.
[0036] FIG. 2 illustrates problems of the LCD device

according to the related art.

[0037] FIGS. 3 and 4 illustrate an LCD device according to
an example embodiment.

[0038] FIG.S5illustrates displaying and touch driving meth-
ods ofthe LCD device according to an example embodiment.
[0039] FIG. 6is a plane view illustrating a pixel TFT in the
LCD device according to an example embodiment.

[0040] FIG. 7 is a plane view illustrating a TFT of GIP
buffer in the LCD device according to an example embodi-
ment.
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[0041] FIG. 8 is a cross sectional view illustrating the TFT
with a bottom gate structure according to an example embodi-
ment.

[0042] FIG. 9 is a cross sectional view illustrating the TFT
with a top gate structure according to an example embodi-
ment.

[0043] FIGS. 10 and 11 illustrate processes for forming an
LDD of the TFT in the LCD device according to an embodi-
ment.

[0044] FIG. 12 illustrates that an LDD length of pixel TFT
of an active areais different from an LDD length of GIP buffer
TFT in the LCD device according to an example embodiment.
[0045] FIG. 13 illustrates a method for forming the differ-
ent LDD lengths in the pixel TFT of the active area and the
GIP buffer TFT of the LCD device according to an example
embodiment.

[0046] FIG. 14 illustrates an LCD device according to an
example embodiment.

[0047] FIG. 15 is a plane view illustrating GIP buffer TEFT
and tail TFT in the LCD device according to an example
embodiment.

[0048] FIGS.16 and 17 illustrate that a pixel TFT of active
area, a GIP buffer TFT, and a tail TFT in the LCD device
according to an example embodiment have different LDD
lengths;

[0049] FIGS. 18 and 19 illustrate that the pixel TFT of an
active area and the TFT of a non-display area in the LCD
device according to an example embodiment of the present
disclosure have different LDD lengths.

[0050] FIG. 20 illustrates the LCD device with the
improved touch characteristics according to example
embodiments of the present disclosure in comparison with
the LCD device according to the related art.

[0051] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION OF THE INVENTION

[0052] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. In the following
description, when a detailed description of well-known func-
tions or configurations related to this document is determined
to unnecessarily cloud a gist of the invention, the detailed
description thereof will be omitted. The progression of pro-
cessing steps and/or operations described is an example; how-
ever, the sequence of steps and/or operations is not limited to
that set forth herein and may be changed as is known in the art,
with the exception of steps and/or operations necessarily
occurring in a certain order. Like reference numerals desig-
nate like elements throughout. Names of the respective ele-
ments used in the following explanations are selected only for
convenience of writing the specification and may be thus
different from those used in actual products.

[0053] Indescription of embodiments of the present inven-
tion, when a structure is described as being positioned “on or
above” or “under or below” another structure, this description
should be construed as including a case in which the struc-
tures contact each other as well as a case in which a third
structure is disposed therebetween.
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[0054] Hereinafter, a liquid crystal display (LCD) device
according to the present disclosure and a method for manu-
facturing the same will be described with reference to the
accompanying drawings.

[0055] Before a detailed explanation with reference to the
accompanying drawings is given, various modes of the LCD
device will be briefly described. Based on a method for con-
trolling alignment of liquid crystal layer, the LCD device may
be classified into Twisted Nematic (TN) mode, Vertical
Alignment (VA) mode, In-Plane Switching (IPS) mode,
Fringe Field Switching (FFS) mode, etc.

[0056] In an example of the IPS mode and FFS mode,
among the above modes, pixel and common electrodes may
be formed on a lower substrate, and the alignment of liquid
crystal layer may be controlled by an electric field formed
between the pixel and common electrodes.

[0057] In an example of the IPS mode, the pixel and com-
mon electrodes may be alternately arranged in parallel so that
an in-plane electric field parallel to the substrates occurs
between the pixel and common electrodes. to control the
alignment of liquid crystal layer. In an example of the IPS
mode, the alignment of liquid crystal layer may not be con-
trolled in the upper portions of the common electrode and
pixel electrode, so that a light transmittance may be lowered
in the upper portions of the common electrode and pixel
electrode.

[0058] The FFS mode has been designed to overcome dis-
advantages of the IPS mode. In an example of the FFS mode,
the pixel and common electrodes may be formed with a
predetermined interval by an insulating layer interposed ther-
ebetween. In this case, one of the pixel and common elec-
trodes may be formed in a plate shape or pattern, and the other
may be formed in a finger shape. Thus, the alignment ofliquid
crystal layer may be controlled by a fringe field occurring
between the pixel and common electrodes.

[0059] TheLCD device with a touch screen according to an
embodiment of may have a structure of the FFS mode. Also,
a thin film transistor (TFT) array substrate (lower substrate)
may be formed of low temperature polysilicon (LTPS).
[0060] The.CD device with a touch screen according to an
embodiment may include an in-cell touch type liquid crystal
panel with touch screen for detecting a user’s touch location,
abacklightunit for supplying light to the liquid crystal panel,
and a driving circuit.

[0061] The driving circuit may include a timing controller
(T-con), a data driver (D-IC), a gate driver (G-IC), a touch
sensing driver, a backlight driver, and a power supplier.
[0062] Inoneexample, the driving circuit may be totally or
partially formed on the TFT array substrate (lower substrate)
of the liquid crystal panel by COG (Chip On Glass) or COF
(Chip On Flexible Printed Circuit, Chip On Film).

[0063] FIGS. 3 and 4 illustrate an LCD device according to
an example embodiment. In an example of the LCD device
according to an embodiment, a touch screen of an in-cell
touch type may be provided in a TFT array substrate.

[0064] Among structures of the LCD device with touch
screen according to an embodiment, FIG. 3 shows a color
filter array substrate (upper substrate), a liquid crystal layer,
and a GIP 200, except a driving circuit.

[0065] With reference to FIGS. 3 and 4, an active area 100
for displaying images may be formed on the TFT array sub-
strate, wherein the active area 100 may be provided with a
plurality of pixels arranged in a matrix configuration. Herein,
the active area 100 may be a display area for display images.

Oct. 31,2013

[0066] Also, a non-display area may be formed in the
periphery of the active area 100. Among the driving circuits,
a gate driver of a GIP (gate-in-panel) method may be used at
one side of the non-display area. Meanwhile, the gate driver
may be formed by an ASG (amorphous-silicon-gate) method.
At the other side of the non-display area, there may be a pad
300 for connecting the active area 100 with the driving circuit.
[0067] FIG. 3 illustrates that the GIP 200 may be formed at
the left side of the liquid crystal panel. Instead of this arrange-
ment, the GIP 200 may be formed, e.g., at the right, upper, or
lower side on the periphery of the liquid crystal panel. Also,
FIG. 3 illustrates that the pad 300 may be formed at the upper
side on the periphery of the liquid crystal panel. Instead, the
pad 300 may be formed, e.g., at the left, right, orlower side on
the periphery of the liquid crystal panel.

[0068] As shown in FIG. 4, the plurality of pixels may be
defined by crossing gate and data lines 140 and 150. In one
example, a thin film transistor (TFT) may be formed at every
pixel defined by the gate and data lines 140 and 150. Also, a
common electrode (Veom electrode) and a pixel electrode
may be formed in the plurality of pixels.

[0069] In the GIP 200, there may be channels whose num-
ber corresponds to the number of gate lines 140. Each channel
of the GIP 200 may supply a scan pulse to the gate line 140
through a GIP buffer 210, to turn on the pixel TFT. FIG. 4
shows that the GIP buffer 210 of one channel may include
double (two) TFTs. However, the number of TETs constitut-
ing the GIP buffer 210 is not limited thereto.

[0070] For the common electrode to function as a touch
electrode, a sensing line may be formed on the TFT array
substrate, to connect the common electrodes in the X-axis
direction and Y-axis direction.

[0071] Forexample, the sensing line may include a driving
line (TX line) 160 supplied with a touch driving signal, and a
receiving line (RX line) 170 for detecting a capacitance
according to the touch driving signal.

[0072] FIG. 5 illustrates display and touch driving imple-
mentations of the LCD device according to an example
embodiment.

[0073] In relation to FIG. 5, one frame period (1 frame
period) may include a display period, and a non-display
period corresponding to a touch period.

[0074] For the display period of 1 frame, the scan signal
may be sequentially supplied to the gate line 140 through all
ofthe GIP buffers 210 of the GIP 200, to turn on the pixel TFT.
When the pixel TFT is turned-on, a data voltage may be
supplied to the data line 150, and a common voltage (Vcom)
may be supplied to the common electrode, to display images.
[0075] For the non-display period of the touch period, the
pixel TFT may be turned off so that the common electrode is
driven as the touch electrode, to sense the change of capaci-
tance according to a user’s touch.

[0076] In one example, the touch driving signal may be
supplied to the driving line (TX line) 160, and the receiving
line (RX line) 170 may sense the change of capacitance
according to the user’s touch.

[0077] FIG. 6 is a plane view illustrating the pixel TFT in
the LCD device according to an example embodiment. FIG. 7
is a plane view illustrating the TFT of the GIP buffer in the
LCD device according to an example embodiment.

[0078] Withreference to FIGS. 6 and 7, the pixel TFT ofthe
active area 100 and the TFT of the GIP buffer 210 may
respectively include a gate G connected with the gate line
140, an active area A, a source S connected with the data line
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150, and a drain D connected with the pixel electrode.
Between the gate G and the active area A, there may be a gate
insulating layer GI.

[0079] The pixel TFT of the active area 100 and the TFT of
the GIP buffer 210 may include a lightly doped drain (LDD)
to enhance display and touch driving characteristics and to
improve reliability and TFT off-state characteristics. In one
example, an LDD length of the pixel TFT may be different
from an LDD length of the TFT of the GIP buffer 210.
[0080] TheLDD of the TFT will now be described in more
detail. The LDD may be formed by firstly forming a TFT
semiconductor layer of amorphous silicon (a-Si:H) or low
temperature polysilicon (P-Si); and secondly forming the
gate insulating layer (GI) and gate G on the semiconductor
layer.

[0081] Inanexamplein which the gate G is used as a mask,
the semiconductor layer may be lightly doped with N-type or
P-type dopant. In one case, aregion which is notlightly doped
with the dopant through the use of gate G may function as the
active area A of the TFT.

[0082] A photoresist (PR) may be formed to cover the gate
G and some of the lightly-doped active area A. Then, in an
example in which the photoresist (PR) is used as a mask, the
semiconductor layer may be heavily doped with N-type or
P-type dopant, to form the source S and drain D of the TFT. In
onecase, a region which is not heavily doped with the dopant
through the use of photoresist (PR) may become the LDD.
[0083] Inawet-etching process of the gate G for the manu-
facturing process, the LDD length may be adjusted by con-
trolling a critical dimension (CD). Also, the LDD length may
be adjusted by the change of critical dimension (CD) of
photoresist (PR) used as the mask when the semiconductor
layer is heavily doped with the dopant (for example N* dop-
ing or P* doping) for the manufacturing process. In one
example, the LDD length ratio of the pixel TFT to the buffer
TFT may be adjusted to 1:0.7-1:0.9.

[0084] For example, a length of one side of the LDD in the
pixel TFT of the active area corresponding to the display area
may be about 1.0-2.0 um=0.1 um, and the entire LDD length
of the pixel TFT may be about 2.0-4.0 um+0.2 pum.

[0085] Meanwhile, a length of one side of the LDD in the
TFT of the GIP buffer 210 of the non-display area may be
0.7-1.7 um=0.1 um, and the entire L.DD length of the buffer
TFT may be about 1.4-3.4 pm=+0.2 pm.

[0086] As shown above, the LDD length of the pixel TFT
may be different from the LDD length of the TFT of the GIP
buffer 210. That is, the LDD length of the TFT of the GIP
buffer 210 may be shorter than the LDD length of the pixel
TFT. Thus, R, characteristics may be improved by decreas-
ing series resistance between the source and drain of the TFT,
to improve display and touch driving characteristics.

[0087] FIG. 8 is a cross sectional view illustrating an
example embodiment of a TFT with a bottom gate structure.
FIG. 9 is a cross sectional view illustrating an example
embodiment of a TFT with a top gate structure.

[0088] As shown in FIG. 8, both the pixel TFT of the active
area 100 and the TFT of the GIP buffer 210 may be provided
in the bottom gate structure by forming a gate 112 below an
active area 114.

[0089] In FIG. 8, a buffer layer 111 may be formed on a
glass substrate, wherein the buffer layer 111 may function as
a blocking layer for protecting the active area 114. The gate
112 may be formed on the buffer layer 111. Then, a gate
insulating layer (GI) 113 may be formed on the entire surface
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of the glass substrate, to cover the gate 112. The active area
114 may be formed on the gate insulating layer 113.

[0090] Also, a source 115 may be formed at one side of the
active area 114, and a drain 116 may be formed at the other
side of the active area 114. Between the active area 114 and
source/drain 115/116, there may be a heavily-doped layer
(N*a-Si:H) 117.

[0091] Asshown in FIG. 9, both the pixel TFT of the active
area 100 and the TFT of the GIP buffer 210 may be provided
in the top gate structure by forming a gate 112 above an active
area 114.

[0092] InFIG.9,alight-shielding layer 119 may be formed
on a glass substrate. Then, a buffer layer 111 may be formed
to cover the light-shielding layer 119, wherein the buffer layer
111 may function as a blocking layer for protecting the active
area 114,

[0093] On thebufferlayer 111, there may be the active area
114, an LDD 118, source 115, and drain 116. The active area
114, LDD 118, source 115, and drain 116 may be formed by
implanting impurity ions into the semiconductor layer for
forming the active area 114 during the manufacturing pro-
cess, whereby the active area 114, LDD 118, source 115, and
drain 116 may be formed in the same layer.

[0094] A gate insulating layer 113 may be formed to cover
the active area 114, LDD 118, source 115, and drain 116. The
gate 112 may be formed above the gate insulating layer 113,
and in one example, the gate 112 may be formed in a prede-
termined region overlapping with the active area 114 above
the gate insulating layer 113.

[0095] A passivation layer (PAS) may be formed on the
entire surface of the glass substrate, to cover the gate 112.
Also, a contact (CNT) may be formed in a predetermined
region which may be formed by partially etching the gate
insulating layer 113 and passivation layer (PAS)to expose the
upper surfaces of the source 115 and drain 116. Through the
contact (CNT), the source 115 may be connected with the
data line, and the drain 116 may be connected with the pixel
electrode.

[0096] In an example in which the TFT is applied with the
low temperature polysilicon (LTPS), there may be advantages
of temperature properties of the top gate method, and a self
mask using the gate during the process for forming the LDD.
The TFTs of the aforementioned bottom gate implementation
and top gate implementation may have advantages and dis-
advantages. Herein, one example applied with the TFT of the
top gate implementation will be described as follows.
[0097] The LDD length of the TFT may have great effects
on [-V (current-voltage) characteristics and driving reliabil-
ity. According to an embodiment, the LDD length of the
buffer TFT of the GIP may be different from the LDD length
of the pixel TFT in the active area, to improve the TFT
reliability and TFT off-state characteristics, and also to
improve the R, characteristics of the TFT. Also, it may be
possible to decrease series resistance of source/drain of the
TFT, and to uniformize parasitic capacitance (Cpry Cops
Cprrx Corxs Car) inside the panel.

[0098] FIGS. 10 and 11 illustrate processes for forming the
LDD of the TFT in the LCD device according to an example
embodiment.

[0099] Hereinafter, the method for forming the LDD of the
TFT will be described with reference to FIGS. 10 and 11.
After that, the different LDD lengths of the TFTs in the active
area and non-display area will be described in more detail.
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[0100] As shown in FIG. 104, the light-shielding layer 119
may be formed on the TFT region of the glass substrate,
wherein the light-shielding layer 119 may prevent the light
emitted from the backlight unit from being incident on the
active area. Then, the buffer layer 111 may be formed on the
entire surface of the glass substrate, to cover the light-shield-
ing layer 119.

[0101] Inoneexample,the light-shielding layer 119 may be
formed of opaque metal capable of blocking out the light, for
example, molybdenum (Mo) or aluminum (Al), wherein the
light-shielding layer 119 may be formed at a thickness of 500
A

[0102] The buffer layer 111 may be formed of an inorganic
material, for example, SiO, or SiN,, wherein the buffer layer
111 may be formed at a thickness of 2000-3000 A.

[0103] The active area 114 of TFT may be formed on the
buffer layer 111, and in one example, in a predetermined
region overlapping with the light-shielding layer 119,
wherein the active area 114 may be formed of a semiconduc-
tor material.

[0104] In one case, the active area 114 may be formed of
amorphous silicon (a-Si:H) or low temperature polysilicon
(P—Si), wherein the active area 114 may be formed at a
thickness of 500 A.

[0105] Then, as shown in FIG. 10B, the gate insulating
layer (GI) 113 may be formed on the entire surface of the glass
substrate, to cover the active area 114 and buffer layer 111.
[0106] Inoneexample, the gate insulating layer 113 may be
formed of SiO, or SiN,, wherein the gate insulating layer 113
may be formed at a thickness of 1300 A.

[0107] The gate insulating layer 113 may be formed by
depositing TEOS (Tetra Ethyl Ortho Silicate) or MTO
(Middle Temperature Oxide) through CVD (Chemical Vapor
Deposition).

[0108] A gate metal may be formed by depositing conduc-
tive metal materials, for example, molybdenum (Mo), alumi-
num (Al), chrome (Cr), aurum (gold) (Au), titanium (T1),
nickel (Ni), neodymium (Nd), and copper (Cu) on the gate
insulating layer 113, or by depositing an alloy of the above
conductive metal materials on the gate insulating layer 113.
[0109] Thereafter, the wet-etching process using a first
photoresist (PR) may be performed to pattern the gate metal.
[0110] Then, a stripping and dry-etching process may be
performed to the first photoresist (PR) remaining on the gate
metal, whereby the gate 112 of TFT may be formed in the
predetermined region overlapping with the active area 114
above the gate insulating layer 113. In one example, the gate
112 may be formed at a thickness of 3000 A.

[0111] As shown in FIG. 10C, in an example in which the
gate 112 is used as a mask, the peripheral region of the
semiconductor layer may be lightly doped with the N-type or
P-type dopant (for example, N~ doping or P~ doping). In this
case, the region which is not lightly doped with the dopant
through the use of gate 112 may function as the active area
114 of the TFT, and the LDD may be formed in the region
which may be lightly doped with the N-type or P-type dopant.
[0112] As shown in FIG. 10D, a second photoresist may be
formed to cover the gate 112 and some portions of the active
area 114 lightly doped with the dopant. In an example in
which the second photoresist is used as a mask, the peripheral
region of the active may be heavily doped with the N-type or
P-type dopant (for example, N* doping or P* doping).
[0113] In one example, the region which is heavily doped
with the dopant may become the source 115 and drain 116.
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Then, the region which is not heavily doped with the dopant
through the use of second photoresist may become the LDD
118.

[0114] Accordingly, the TFT may include the gate 112
together with the active area 114, LDD 118, source 115, and
drain 116, wherein the gate insulating layer 113 may be
interposed between the gate 112 and the active area 114, LDD
118, source 115, and drain 116.

[0115] Through the aforementioned manufacturing pro-
cess, the pixel TFT with the LDD of a first length may be
formed in the display area, and the buffer TFT and tail TFT
with the LDD of a second length may be formed in the
non-display area.

[0116] Although not shown, an interlayer dielectric (ILD)
and passivation layer (PAS) may be formed on the gate 112
through the following manufacturing process. Also, a contact
(CNT) may be formed between the source 115 and the data
line, and a contact (CNT) may be formed between the drain
116 and the pixel electrode.

[0117] In one example, the interlayer dielectric (ILD) may
be formed of SiO, or SiN_, wherein the interlayer dielectric
(ILD) may be formed at a thickness of 6000 A. According to
an example, the interlayer dielectric (ILD) may be formed in
a deposition structure of $i0, (3000 AYSiN_ (3000 A).
[0118] The passivation layer (PAS) may be formed of
photo-acryl (PAC), wherein the passivation layer (PAS)0f2.0
pm-3.0 pm may planarize the entire surface of the glass sub-
strate.

[0119] The contact (CNT) may be formed of a conductive
metal material, for example, molybdenum (Mo), aluminum
(Al), chrome (Cr), aurum (gold) (Au), titanium (1), nickel
(Ni), neodymium (Nd), and copper (Cu), wherein the contact
(CNT) may be formed at a thickness of 6000 A,

[0120] According to another example, the contact (CNT)
may be formed in a deposition structure of molybdenum/
aluminum/molybdenum.

[0121] Then, the common electrode (Vcom electrode) may
be formed on the passivation layer. In one example, the com-
mon electrode may be formed of a transparent conductive
material, for example, ITO (indium tin oxide), [ZO (indium
zine oxide), or ITZO (indium tin zinc oxide), wherein the
common electrode may be formed at a thickness of 500 A.
[0122] Thereafter, an insulating layer may be formed to
cover the common electrode, and the pixel electrode may be
formed on the insulating layer. In one example, the pixel
electrode may be formed of a transparent conductive mate-
rial, for example, ITO (indium tin oxide), IZO (indium zinc
oxide), or ITZO (indium tin zinc oxide), wherein the pixel
electrode may be formed at a thickness of 500 A.

[0123] Meanwhile, the sensing line may be connected with
the common electrode, whereby the common electrode may
be driven as the touch electrode for the non-display period.
[0124] Embodiments may include that the LDD length of
TFT in the active area be different from the LDD length of
TFT in the non-display area. Thus, the detailed explanation
for the structure of touch sensing line for driving the common
electrode as the touch electrode for the non-display period
and its contact method will be omitted.

[0125] The aforementioned description shows the example
of a “pixel electrode on top structure” (PXL on top structure)
in which the pixel electrode is formed on the common elec-
trode, which is only one example of an embodiment. Accord-
ing to another example, there may be a “common electrode on
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top structure” (Vcom on top structure) in which the common
electrode is formed on the pixel electrode.

[0126] In the LCD device with the aforementioned struc-
ture according to an embodiment, the alignment of liquid
crystal layer may be controlled by a fringe field occurring
between the common electrode and the pixel electrode, to
thereby display images.

[0127] For the non-display period, the common electrodes
of the pixels connected through the touch sensing line may be
driven as touch sensing electrodes, to sense the user’s touch.
[0128] According to the user’s touch, a touch capacitance
may be formed between the common electrodes of color filter
array substrate (upper substrate) and thin film transistor array
substrate (lower substrate). Thus, the user’s touch location
may be detected by sensing the change of capacitance accord-
ing to the touch.

[0129] With reference to FIG. 11, when forming the gate
112, the LDD length may be determined by the difference
between the critical dimension (CD) for the wet-etching pro-
cess and the critical dimension (CD) of PR used as the mask
for the process of heavily doping the dopant (for example, N*
doping).

[0130] According to an embodiment, the LDD length of the
pixel TFT in the active area and the LDD length of the GIP
buffer TFT in the non-display area may be adjusted by con-
trolling at least one of the critical dimension (CD) of gate 112
and the critical dimension (CD) of PR. That is, the LDD
length of the pixel TFT in the active area may be different
from the LDD length of the GIP buffer TFT in the non-display
area.

[0131] FIG. 12 illustrates that the LDD length of the pixel
TFT of the active area may be different from the LDD length
of the GIP buffer TFT of the non-display area in the LCD
device according to an example embodiment.

[0132] With reference to FIG. 12, a length (A1, A2) of one
side of the LDD in the pixel TFT of the active area may be
about 1.0-2.0 um+0.1 um, and the entire LDD length of the
pixel TFT may be about 2.0-4.0 um+0.2 pm.

[0133] Meanwhile, a length (B1, B2) of one side of the
LDD in the GIP buffer TFT of the non-display area may be
0.7-1.7 um=0.1 pm, and the entire LDD length of the buffer
TFT may be about 1.4-3.4 um+0.2 pm.

[0134] As shown in FIG. 12, the LDD length (A) of the
pixel TFT may be longer than the LDD length (B) of the
buffer TFT (that is, A>B). In one example, the LDD length
ratio of the pixel TFT to the buffer TFT may be adjusted to
1:0.7-1:0.9.

[0135] The LDD length of the buffer TFT may be designed
in consideration of reliability of the GIP buffer TFT. In com-
parison with the related art, the LDD length of the buffer TFT
may become shorter such that it may be possible to improve
the R,, characteristics by decreasing series resistance
between the source and drain of the TFT.

[0136] The LDD length of the pixel TFT may be designed
in consideration of the leakage current characteristics and
parasitic capacitance inside the panel (gate to source/drain
capacitance) when the pixel TFT is turned off.

[0137] FIG. 13 illustrates a method for forming the differ-
ent LDD lengths in the pixel TFT of the active area and the
GIP buffer TFT of the non-display area of the LCD device
according to an example embodiment.

[0138] For the manufacturing process, with reference to
FIG. 13, a first mask (M1) is applied to the active area, and a
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second mask (M2) is additionally applied to the non-display
area, to control the critical dimension (CD) of the gate 112.
[0139] Meanwhile, both the gates of the pixel TFT and the
buffer TFT may be formed through the use of one mask. In
one example, mask patterns for the active area and the non-
display area may be different from each other, whereby the
critical dimension (CD) in the gate of the pixel TFT may be
different from the critical dimension (CD) in the gate of the
buffer TFT.

[0140] At least one of the critical dimension (CD) of the
gate 112 and the critical dimension (CD) of PR used as the
mask for the process of heavily doping the dopant may be
controlled to adjust the LDD length ratio of the pixel TFT to
the buffer TFT and to obtain the different LDD lengths in the
pixel TFT and the GIP buffer TFT.

[0141] FIG. 14 illustrates an LCD device according to an
example embodiment. F1G. 15 is a plane view illustrating GIP
buffer TFT and tail TFT in the LCD device according to an
example embodiment.

[0142] Withreferenceto FIGS. 14 and 15, in an example of
an in-cell touch type liquid crystal panel applied with a GIP
type gate driver, not only displaying images but also touch
driving characteristics may be important.

[0143] In order to decrease an interference between dis-
playing and touch driving, a tail TFT 220 may be formed. The
tail TFT 220 may be formed between a GIP buffer 210 and a
pixel TFT.

[0144] As shown in FIG. 15, the tail TFT 220 may be
identical in structure to the GIP buffer 210.

[0145] The tail TFT 220 may erase the scan signal output
from the GIP buffer 210 to the gate line 140, whereby it may
become a VGL level. For the non-display period, that is, touch
period, the scan signal may be erased to be the VGL level.
[0146] Accordingly, it may be possible to decrease the
interference between displaying and touch driving, and to
prevent noise caused by the touch driving signal leaking to the
parasitic capacitance inside the liquid crystal panel from
being increased.

[0147] Inthe LCDdeviceaccordingtoan example embodi-
ment, an LDD length of the pixel TFT may be different from
an LDD length of the tail TFT 220.

[0148] To decrease the interference between displaying and
touch driving, R, characteristics of the tail TFT 220 may be
improved. For this, the LCD device according to an embodi-
ment of the present disclosure may be provided in such a
manner that the LDD length of the tail TFT 220 may be
shorter than the LDD length of the pixel TFT.

[0149] In one example, the LDD length ratio of the pixel
TFT to the TFT of GIP buffer 210 may be adjusted to 1:0.7-
1:0.9. Also, the LDD length ratio of the pixel TFT to the tail
TFT 220 may be adjusted to 1:0.7-1:0.9.

[0150] Meanwhile, the LDD lengthratio of the pixel TFT to
the TFT of GIP buffer 210 may be adjusted to 1:0.7-1:0.9.
Also, the LDD length ratio of the pixel TFT to the tail TFT
220 may be adjusted to 1:0.5-1:0.7.

[0151] FIGS. 16 and 17 illustrate that the pixel TFT of
active area, the GIP buffer TFT, and the tail TFT in the LCD
device according to an example embodiment may have the
different LDD lengths.

[0152] Withreferenceto FIGS.16and 17,alength (A1,A2)
of one side of the LDD in the pixel TFT of the active area is
about 1.0-2.0 pm+0.1 um, and the entire LDD length of the
pixel TFT may be about 2.0-4.0 um=0.2 um.
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[0153] Meanwhile, a length (B1, B2) of one side of the
LDD in the TFT of the GIP buffer 210 of the non-display area
may be 0.7-1.7 um=0.1 um, and the entire LDD length in the
TFT of the buffer TFT 210 may be about 1.4-3.4 um=0.2 um.
[0154] Also, alength (C1,C2)ofone side of the LDD in the
tail TFT 220 of the non-display area may be 0.5-1.5 um=0.1
um, and the entire LDD length of the tail TFT 220 may be
about 1.0-3.0 um=0.2 um.

[0155] Asshown in FIGS.16 and17, the LDD length (A) of
the pixel TFT may be longer than the LDD length of the buffer
TFT (that is, A>B).

[0156] Also, the LDD length (B) of the buffer TFT may be
longer than the LDD length (C) of the tail TFT (that is, B>C).
[0157] Thus, the LDD length (A) of the pixel TFT, the LDD
length (B) of the buffer TFT, and the LDD length (C) of the
tail TFT 220 may be provided in order of A>B>C.

[0158] Inoneexample, the LDD length of the tail TFT 220
may be designed to decrease the interference between dis-
playing and touch driving, and to improve R , characteristics
of the TFT. In comparison with the related art, each of the
LDD length of the buffer TFT and the LDD length of the tail
TFT 220 may be shorter than the LDD length of the pixel TFT
so that it may be possible to improve R, characteristics by
decreasing series resistance between source and drain elec-
trodes of the TFT.

[0159] For the manufacturing process, the LDD length of
the tail TFT 220 may be adjusted by controlling at least one of
the critical dimension (CD) of gate 112 and the critical dimen-
sion (CD) of photoresist (PR) through the use of a third mask
in addition to the masks used for forming the pixel TFT and
the buffer TFT.

[0160] Thus, the LDD length ratio of the pixel TFT, the
buffer TFT, and the tail TFT 220 may be determined, wherein
the pixel TFT, the buffer TFT, and the tail TFT 220 may have
the different LDD lengths from one another.

[0161] FIGS. 18 and 19 illustrate that the pixel TFT of
active area and the TFT of the non-display area in the LCD
device according to an example embodiment may have the
different LDD lengths.

[0162] With reference to FIGS. 18 and 19, in an example of
the LCD device according to an embodiment, each of the
LDD length of buffer TFT and the LDD length of tail TFT
may be shorter than the LDD length of the pixel TFT. In one
example, the LDD length of the buffer TFT may be the same
as the LDD length of the tail TFT.

[0163] In more detail, a length (A1, A2) of one side of the
LDD in the pixel TFT of the active area may be about 1.0-2.0
pum0.1 pm, and the entire LDD length of the pixel TFT may
be about 2.0-4.0 um=+0.2um.

[0164] Meanwhile, alength (B1, B2, C1, C2) of one side of
the LDD in each of the GIP buffer TFT and the tail TFT may
be 0.7-1.7 um+0.1 um, and the entire LDD length thereof may
be about 1.4-3.4 pm+0.2 um.

[0165] However, embodiments are not limited to the above.
Forexample, a length (B1, B2,C1, C2) of oneside of the LDD
in each of the GIP buffer TFT and the tail TFT may be 0.5-1.5
pum+0.1 pm, and the entire LDD length thereof may be about
1.0-3.0 pm=0.2 pm.

[0166] AsshowninFIGS.18and19,the LDD length (A)of
the pixel TFT may be longer than each of the LDD length (B)
of the buffer TFT and the LDD length (C) of the tail TFT.
Thus, the LDD length (A) of the pixel TFT, the LDD length
(B) of the buffer TFT, and the LDD length (C) of the tail TFT
may be provided in order of A>B 32 C.
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[0167] For the manufacturing process, at least one of the
critical dimension (CD) of the gate 112 and the critical dimen-
sion (CD) of photoresist (PR) may be controlled through the
use of an additionally-provided mask in addition to a mask
used for forming the pixel TFT, to determine the LDD length
ratio of the pixel TFT, the buffer TFT, and the tail TFT.
[0168] In an LCD device according to embodiments, the
LDD length of the TFT of the active area may be different
from the LDD length of the TFT of the non-display area.
[0169] The LCD device according to embodiments may
improve display and touch characteristics of the in-cell touch
panel by differently forming the LDD length in the pixel TEFT
of the active area and the TFT of the non-display area.
[0170] FIG. 20 illustrates the LCD device with improved
touch characteristics according to example embodiments in
comparison with the LCD device according to the related art.
[0171] With reference to FIG. 20, a touch noise of the LCD
device according to the related art is measured, and a touch
noise of the LCD device according to embodiments of the
present disclosure is measured.

[0172] As shown in FIG. 20, if comparing the touch noise
of an embodiment (“present disclosure 1”in FIG. 20) with the
touch noise of the related art, the touch noise of the LCD
device according to the related art is set to 100%, and the
touch noise of the LCD device with the tail TFT according to
an embodiment of the present disclosure (present disclosure
1)is 33.6% in comparison with the related art. That is, FIG. 20
shows that the touch noise in the LCD device according to
embodiments of the present disclosure may be largely
decreased.

[0173] Then, if comparing the touch noise of another
embodiment (“present disclosure 2” in FIG. 20) with the
touch noise of the related art, the touch noise of the LCD
device with the different LDD lengths in the TFT pixel of the
active area and the buffer TFT and tail TFT of the non-display
area according to the present disclosure (present disclosure 2)
is about 22.4% in comparison with the related art, that is, the
touch noise in the LCD device according to embodiments of
the present disclosure may be largely decreased.

[0174] The LCD device according to the aforementioned
embodiments of the present disclosure may improve the
touch characteristics by decreasing the touch noise.

[0175] Inthe LCD device according to embodiments of the
present disclosure, the LDD length of the pixel TFT in the
active area may be different from the LDD length of the TFT
in the non-display area, to decrease the interference between
displaying and touch driving of the in-cell touch panel.
[0176] Also, it may be possible to improve R, character-
istics of the TFT, and to decrease the noise inside the liquid
crystal panel on the touch driving.

[0177] Also, the LDD length of the GIP buffer TFT may be
adjusted to improve reliability of the GIP buffer TFT, and to
improve the leakage current characteristics in the off-state
pixel TFT, and uniformity of the parasitic capacitance inside
the panel.

[0178] According to embodiments, the LDD length of the
pixel TFT in the active area may be different from the LDD
length of the TFT in the non-display area, to improve the
display and touch characteristics of the in-cell touch panel.
[0179] Accordingly, as the LDD length of the pixel TFT in
the active area may be different from the LDD length of the
TFT in the non-display area, it may be possible to decrease the
interference between displaying and touch driving of the
in-cell touch panel.
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[0180] Also, it may be possible to improve the R, charac-
teristics.
[0181] The LCD device according to embodiments of the

present disclosure may decrease the touch noise inside the
liquid crystal panel on the touch driving.
[0182] Also, the LCD device according to embodiments
may improve the reliability of GIP buffer TFT by adjusting
the LDD length of the GIP buffer TFT.
[0183] In addition, the LCD device according to embodi-
ments may improve the leakage current characteristics of the
off-state pixel TFT and the uniformity of parasitic capaci-
tance inside the panel by adjusting the LDD length of the
pixel TFT.
[0184] Furthermore, the LCD device according to embodi-
ments may improve the R , characteristics of TFT by adjust-
ing the LDD length of the tail TFT connected with the GIP
buffer.
[0185] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the inventions. Thus, it is intended that the present disclo-
sure covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.
[0186] A number of examples have been described above.
Nevertheless, it will be understood that various modifications
may be made. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.
What is claimed is:
1. A liquid crystal display (LCD) with a touch function,
comprising:
a pixel thin film transistor (TFT) in a display area; and
abuffer TFT of a gate driver in a non-display area,
wherein a lightly-doped drain (LDD) length of the buffer
TFT is shorter than a lightly-doped drain (LDD) length
of the pixel TFT.
2. The LCD device of claim 1, wherein the LDD length
ratio of the pixel TFT to the buffer TFT is 1:0.7-1:0.9.
3. The LCD device of claim 1, further comprising:
atail TFT connected between the pixel TFT and the buffer
TFT,
wherein an LDD length of the tail TFT is shorter than the
LDD length of the pixel TFT.
4. The LCD device of claim 3, wherein the LDD length of
the buffer TFT is the same as the LDD length of the tail TFT.
5. The LCD device of claim 3, wherein the LDD length of
the tail TFT is shorter than the LDD length of the buffer TFT.
6. The LCD device of claim 3, wherein:
the LDD length ratio of the pixel TFT to the buffer TFT is
1:0.7-1:0.9; and
the LDD length ratio of the pixel TFT to the tail TFT is
1:0.5-1:0.9.
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7. The LCD device of claim 3, wherein:

a parasitic capacitance inside a liquid crystal panel is uni-

formized; and

R,,, characteristics of each TFT is controlled by differently

forming the LDD lengths in the respective pixel TFT,
buffer TFT, and tail TFT.

8. The LCD device of claim 1, wherein:

the gate driver is formed in a gate-in-panel method on a

TFT array substrate; and

a touch sensor for detecting a user’s touch is formed as an

in-cell touch panel on the TFT array substrate.

9. A method for manufacturing an LCD device with atouch
function, the method comprising:

forming a pixel thin film transistor (TFT) with a lightly

dopeddrain (LDD) having a first length in a display area;
forming a buffer TFT of a gate driver with an LDD having
a second length in a non-display area,

wherein the second length is shorter than the first length.

10. The method of claim 9, further comprising:

forming a tail TFT in the non-display area between the

buffer TFT and the pixel TFT,

wherein an LDD length of the tail TFT is shorter than the

LDD length of the pixel TFT.

11. The method of claim 10, wherein the LDD length of the
buffer TFT is the same as the LDD length of the tail TFT.

12. The method of claim 11, further comprising:

forming a buffer layer on a glass substrate, and forming an

active area of a semiconductor material on a predeter-
mined portion of the buffer layer;

forming a gate insulating layer to cover the buffer layer and

the active area;

forming a gate metal on the gate insulating layer;

forming a first photoresist mask on the gate metal;

forming a gate in a predetermined portion overlapped with
the active area by patterning the gate metal through an
etching process; and

lightly doping a peripheral region of the active area with an

N-type dopant or a P-type dopant, using the gate as a
mask,

wherein the LDD of'the first length is formed in a pixel TFT

of the display area, and
wherein the LDD of the second length is formed in a buffer
TFT of the non-display area.

13. The method of claim 12, further comprising:

forming a second photoresist mask to cover the gate and a
predetermined portion of the lightly-doped region; and

forming a source and a drain in the peripheral region of the
LDD by heavily doping the peripheral region of the
lightly-doped region with an N-type dopant or a P-type
dopant.

14. The method of claim 12, further comprising, when
forming the gate, adjusting the LDD lengths of the pixel TFT,
tail TFT, and buffer TFT by controlling a critical dimension of
the gate.

15. The method of claim 13, further comprising, when
forming the source and drain, adjusting the DD lengths of
the pixel TFT, tail TFT, and buffer TFT by controlling a
critical dimension of the second photoresist mask to prevent
heavy dopant doping.
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