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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

[0001] The present patent document is a divisional of U.S.
patent application Ser. No. 11/639,921, filed Dec. 15, 2006,
which claims priority to Korean Patent Application No.
10-2006-054807 filed in Korea on Jun. 19, 2006, which is
hereby incorporated by reference.

BACKGROUND

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device, and more particularly, to a LCD device
that substantially prevents a semiconductor layer from being
excited.

[0004] 2. Discussion of the Related Art

[0005] Generally, a LCD device displays images by con-
trolling a light transmittance of liquid crystal with an electric
field. For this, the LCD device includes a LCD panel which
includes liquid crystal cells arranged in a matrix configura-
tion, a driving circuit which drives the LCD panel, and a
backlight unit which emits a light to the LCD panel.

[0006] The LCD panel also includes a thin film transistor
array substrate, a color filter array substrate, a spacer, and a
liquid crystal layer. The thin film transistor array substrate
may be positioned opposite the color filter array substrate.
The spacer maintains a predetermined cell gap between the
two substrates. The liquid crystal layer is formed in the cell
gap provided between the two substrates.

[0007] Thethin film transistor array substrate includes mul-
tiple gate lines, multiple data lines, a thin film transistor, a
pixel electrode, and an alignment layer. Each gate line is
formed perpendicular to each data line to define a unit pixel.
The thin film transistor is

[0008] formed adjacent to a crossing portion of the gate and
data lines. The pixel electrode is formed near each liquid
crystal cell and is connected to the thin film transistor. The
alignment layer is applied over the pixel electrode and the thin
film transistor. The gate and data lines receive signals from
driving circuits. The thin film transistor supplies a pixel volt-
age signal transmitted through a data line to the pixel elec-
trode in response to a scan signal transmitted through a gate
line.

[0009] The color filter array substrate includes multiple
color filters, a black matrix, and a common electrode, The
multiple color filters are provided to the respective liquid
crystal cells. The black matrix divides the color filters, and
may substantially prevent light from leaking between the
filters. The common electrode may supply a reference voltage
to the liquid crystal cells. An alignment layer may be applied
to the color filter array substrate.

[0010] After separately forming the thin film transistor
array substrate and the color filter array substrate, the two
substrates may be bonded to each other. Liquid crystal may
then be injected into the cell gap between the two substrates.
[0011] The thin film transistor array substrate of the LCD
panel is fabricated by multiple mask and semiconductor
steps. The fabrication of the LCD panel can be a complicated
and complex process and may include high fabrication costs.
Each mask step can include deposition of a material, clean-
ing, photolithography, etching, photoresist stripping, and
inspection. To form the thin film transistor array substrate,
five masks are generally used. Reduction of the number of
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masks used can reduce the complexity and cost of the fabri-
cation process. The fabrications of some LCD devices use
four masks to form the thin film transistor array substrate. In
these fabrications, one mask step can be eliminated by form-
ing a semiconductor layer and a data line are formed at the
same time.

[0012] FIG. 1A is a diagram of a backlight driving signal
driven in a continuous mode. FIG. 1B is a diagram of a
backlight driving signal driven in a burst mode. As shown in
FIG. 1A, the backlight unit is continuously maintained in the
turned-on state. Driving the backlight unit in this manner can
increase power consumption of the LCD device. In order to
decrease the power consumption, the backlight unit may be
driven in the burst mode.

[0013] For the burst mode, as shown in FIG. 1B, the back-
light unit is turned-on for a portion of time and turned-off for
a portion oftime. This turned-on and turned-off cycle may be
repeated for a preset period of time. When the backlight unit
is turned-on in the burst mode, a photocurrent can excite a
semiconductor layer in a portion of a LCD panel’s data line
making the semiconductor layer act as a conductor. During
the time period when the backlight unit is turned-off, this
semiconductor layer is no longer excited and does not act as
a conductor.

[0014] When the semiconductor layer becomes conduc-
tive, a capacitance occurs between the semiconductor layer
and the pixel electrode. However, when the semiconductor
layer is the nonconductive, a capacitance occurs between the
data line and the pixel electrode. Depending upon the state of
the backlight unit driven in the burst mode, different capaci-
tances may be generated. The different capacitances gener-
ated between the semiconductor layer and the pixel electrode
or between the data line and the pixel electrode can cause
noise in the LCD device. This noise can adversely affect the
picture quality of the LCD device. Therefore, aneed exists for
an improved LCD device.

BRIEF SUMMARY

[0015] A liquid crystal display (LCD) device partially or
substantially blocks light from a light source from exciting a
semiconductor layer. The LCD device includes a substrate, a
semiconductor layer, a light-shielding layer, and a light
source. The light source directs light toward a lower surface of
the substrate. The light-shielding layer is formed between the
substrate and the semiconductor layer. Some or all of the light
directed towards the semiconductor layer by the light source
is blocked by the light-shielding layer.

[0016] Other apparatuses, methods, features and advan-
tages will be or will become apparent to one with skill in the
art upon examination of the following figures and detailed
description. Itis intended that all such additional apparatuses,
methods, features and advantages be included within this
description, be within the scope of the invention, and be
protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The discussion below may be better understood
with reference to the following drawings and description. The
components in the figures are not necessarily to scale, empha-
sis instead being placed upon illustrating the principles of the
invention. Moreover, in the figures, like referenced numerals
designate corresponding parts through the different views.
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[0018] FIG. 1A is a diagram of a backlight driving signal
driven in a continuous mode;

[0019] FIG. 1B is a diagram of a backlight driving signal
driven in a burst mode;

[0020] FIG. 2 is a plan view of a thin film transistor array
substrate of a LCD;

[0021] FIG. 3 is a cross section view along I-I and II-IT of
FIG. 2;

[0022] FIGS. 4A to 4G are cross section views of illustrat-
ing a method for fabricating a LCD device according to the
preferred embodiment of the present invention: and

[0023] FIGS. 5A to 5D are plan views of illustrating a
position of a third contact hole.

DETAILED DESCRIPTION OF THE DRAWINGS
AND THE PRESENTLY PREFERRED
EMBODIMENTS

[0024] FIG. 2 is a plan view of a thin film transistor array
substrate of aLCD. FIG. 3 is a cross section view along I-l and
1I-IT of FIG. 2. As shown in FIGS. 2 and 3, the LCD device
includes a substrate 100 provided with multiple pixel regions
defined by multiple gate and data lines (GL, DL), a thin film
transistor (TFT) formed adjacent to each crossing of the gate
and data lines, a pixel electrode 116 formed in each of the
pixel regions, and at least one light-shielding layer 222 over-
lapped by a third semiconductor layer 101¢ positioned below
the data line (DL). The light-shielding layers may be electri-
cally connected to a data line (DL).

[0025] As shown in FIG. 3, the TFT is formed in a TFT
region. The TFT may comprise a first semiconductor layer
101a, a first ohmic contact layer 1024, a gate electrode (GE),
a source electrode (SE), and a drain electrode (DE). The
source electrode (SE) of the TFT may be formed as one body
with the data line (DL) formed in a data line region. The first
semiconductor layer 101a may be formed in the TFT region,
and may be formed as one body with the third semiconductor
layer 101¢ which can be formed in the data line region. The
first ohmic contact layer 102a may be formed below the
source electrode (SE) of the TFT region, and may be formed
as one body with the third ohmic contact layer 102¢ which can
be formed in the data line region.

[0026] As shown in FIG. 2, a pixel electrode 116 may be
partially overlapped with the gate line (GL) of an adjacent
pixel region. A storage capacitor may be formed in the over-
lapped portion between the pixel electrode 116 and the gate
line (GL).

[0027] A portion of the gate line (GL) can function as a first
storage electrode (ST1) of the storage capacitor. A metal layer
provided below the pixel electrode 116, and electrically con-
nected to the pixel electrode 116, can function as a second
storage electrode (ST2) of the storage capacitor.

[0028] One portion of the pixel electrode 116 can be elec-
trically connected to the drain electrode (DE) through a first
contact hole (C1) which exposes a portion of the drain elec-
trode (DE). Additionally, a portion of the pixel electrode 116
can be electrically connected to the second storage electrode
(ST2) through a second contact hole (C2) which exposes a
portion of the second storage electrode (ST2).

[0029] A second semiconductor layer 1015, a second
ohmic contact layer 1025, and a gate insulating layer (GI)
may be formed between the first storage electrode (ST1) and
the second storage electrode (ST2). The second semiconduc-
tor layer 1015 may be separated from the first and third
semiconductor layers 101a and 101¢. The second ohmic con-
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tact layer 1025 may be separated from the first and third
ohmic contact layers 102a and 102¢.

[0030] A light-shielding layer 222 may be formed below
the third semiconductor layer 101¢ and the gate insulating
layer (GI) positioned in the data line region. The light-shield-
ing layer 222 may substantially block some or all of the light
emitted from a backlight unit from being incident on the third
semiconductor layer 101¢. The light-shielding layer 222 may
beidenticalin size to the third semiconductor layer 101¢, may
be larger than the third semiconductor layer 101¢, or may be
smaller than the third semiconductor layer 101c.

[0031] To prevent the light-shielding layer from floating,
and to prevent the capacitance from occurring between the
light-shielding layer 222 and the data line (DL), the light-
shielding layer 222 may be electrically connected to the data
line (DL). That is, the light-shielding layer 222 may be elec-
trically connected to the data line (DL) through a third contact
hole which exposes a portion of the data line (DL). Alterna-
tively, the light-shielding layer 222 may be electrically con-
nected to the data line (DL) through the use of a connection
layer. The connection layer may be formed from the same
material as the pixel electrode. The connection layer can
comprise Indium Tin Oxide (ITO). When the light-shielding
layer 222 is electrically connected to the data line (DL), the
same data signal is supplied to the light-shielding layer 222
and the data line (DL).

[0032] The light-shielding layer 222 may be formed of the
same material as the gate line (GL). The light-shielding layer
222 may be formed along the third semiconductor layer 101c.
To prevent a short between the light-shielding layer 222 and
a gate line (GL), the light-shielding layer 222 may not be
formed in the crossing portion of the gate and data lines (GL,
DL).

[0033] FIGS. 4A to 4G are cross section views illustrating
a fabrication method for the LCD device of FIG. 3. The
substrate 100 comprises a TFT region, a pixel region, a stor-
age region, and a data line region. As shown in F1G. 4A, a gate
electrode (GE), a first storage electrode (ST1), and a light-
shielding layer 222 are formed on the surface of the substrate
100. The gate electrode (GE), the first storage electrode
(ST1), and the light-shielding layer 222 may be formed on the
substrate 100 by depositing a metal layer on the substrate 100
and using a photolithography process to remove portions of
themetal layer. The gate electrode (GE) may be formed asone
body with a gate line. Additionally, the gate electrode (GE)
may be formed on the TFT region of the substrate 100. The
first storage electrode (ST1) may be formed on the storage
region of substrate 100, and may correspond to a portion of
the gate line (GL) provided in the pixel region of an adjacent
pixel electrode. The light-shielding layer 222 may be formed
on the data line region of the substrate 100.

[0034] As shown in FIG. 4B, a gate insulation layer (GI), a
semiconductor material layer 101, an impurity semiconduc-
tor material layer 102, a metal layer 103 and a photoresist
layer 177 are sequentially deposited on the surface of the
substrate 100 including the gate electrode (GE), the first
storage electrode (ST1), and the light-shielding layer 222.
The gate insulation layer (GI) may be formed from an insu-
lating material, such as silicon oxide (SiOx) or silicon nitride
(SiNx). The semiconductor material layer 101 may be formed
from intrinsic amorphous silicon. The impurity semiconduc-
tor material layer 102 may be formed from amorphous silicon
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doped with impurity ions. The metal layer 103 may be formed
from a conductive material, such as chrome (Cr) or molyb-
denum (Mo).

[0035] In FIG. 4C, a photoresist pattern (PRP) may be
formed by selectively exposing the photoresist layer 177 to
ultraviolet (UV) rays through the use of a diffraction exposure
mask (M). The diffraction exposure mask (M) may include
open parts (m1) which transmit the UV rays; closed parts
(m2) which substantially block the UV rays; and a diffraction
parts (m3) which include slits to partially transmit portions of
the UV rays. InFIG. 4C, diffraction parts (m3) are positioned
over the TFT and the data line regions

[0036] In the regions were the open parts (m1) of the dif-
fraction mask are located, the photoresist layer 177 can be
removed by the application of the UV rays. In FIG. 4C, the
photoresist layer 177 has been removed from the pixel region.
Additionally, the photoresist layer 177 corresponding to the
closed parts (m2) has remained substantially unchanged, and
the photoresist layer 177 corresponding to the diffraction
parts (m3) has been partially removed by a predetermined
thickness. The predetermined thickness corresponding to the
diffraction part (m3) may be half of the original thickness of
photoresist layer 177.

[0037] FIG. 4C also shows that portions of the metal layer
103, the semiconductor material layer 101, and the impurity
semiconductor material layer 102 have been removed. The
removed portions of these layers may be removed by a wet-
etching process that can use the patterned photoresist pattern
(PRP) as amask. As shown in FIG. 4C, the first semiconduc-
tor layer 101a, the first ohmic contact layer 102a and the
source/drain metal layer 104 are sequentially formed on the
gate insulation layer (GI) above the gate electrode (GE). The
second semiconductor layer 1015, the second ohmic contact
layer 1025, and the second storage electrode (ST2) are
formed on the gate insulation layer (GI) above the first storage
electrode (ST1), there are. Additionally, the third semicon-
ductor layer 101¢, the third ohmic contact layer 102¢, and the
data line (DL) are formed on the gate insulation layer (GI)
above the light-shielding layer 222.

[0038] The photoresist pattern (PRP) can be treated with
plasma, to ash the photoresist pattern (PRP). The ashing
process can be used to remove portions of the photoresist
pattern (PRP). In FIG. 4C, the photoresist pattern (PRP)
corresponding to the diffraction part (m3) is thinner then the
portions corresponding to the closed part (m2). After the
ashing process, the photoresist pattern (PRP) corresponding
to the diffraction part (m3) has been removed, as shown in
FIG. 4D, and portions of the source/drain metal layer 104 and
the data line (DL) have been exposed. Additionally, the ash-
ing process has reduced the thickness of the photoresist pat-
tern (PRP) corresponding to the closed part (m2).

[0039] The exposed portions of the source/drain metal
layer 104, first ohmic contact layer 102q, data line (DL), and
third ohmic contact layer 102¢ may be removed. The exposed
portions of these layers may be removed through an etching
process that uses the remaining photoresist pattern (PRP) as a
mask. Additionally, the remaining photoresist pattern (PRP)
may be removed.

[0040] As a result, in FIG. 4E, the source and drain elec-
trodes (SE, DE) may be formed by separating the source/
drain metal layer 104. A channel is formed in the TFT region
where the source/drain metal layer 104 was separated and a
portion of the first semiconductor layer 101a is exposed. As
shown in FIG. 4E, the source and drain electrodes (SE, DE)
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can overlap the edges of the first semiconductor layer 101a.
Additionally, FIG. 4E shows, a preliminary contact hole (PC)
that is formed in the data line region and which exposes a
portion of the third semiconductor layer 101c.

[0041] In FIG. 4F, a passivation layer 114 may be formed
by depositing an organic insulation material on the substrate
100 which can include the source electrode (SE), the drain
electrode (DE), the gate insulation layer (GI), the data line
(DL), and the second storage electrode (ST2). Portions of the
passivation layer 114 may be removed to form a first contact
hole (C1), asecond contact hole (C2), and a third contact hole
(C3). The portion of the passivation layer 114 removed to
form the first contact hole (C1) may be within the TFT region
and may overlie the drain electrode (DE). The portion of the
passivation layer 114 removed to form the second contact
hole (C2) may be within the storage region and may overlie
the second storage electrode (ST2). The portion of the passi-
vation layer 114 removed to form the third contact hole (C3)
may be within the data line region and may overlie the light-
shielding layer 222. Additionally, portions of the third ohmic
contact layer 102¢, the third semiconductor layer 101¢, and
the gate insulation layer (GI) may be removed during the
formation of the third contact hole (C3).

[0042] As an alternative to using the organic insulation
material, the passivation layer 114 may be formed of an
inorganic insulation material. The inorganic insulation mate-
rial used for the passivation layer 114 may comprise silicon
oxide (510x) or silicon nitride (SiNx).

[0043] A conductive layer may be deposited on the surface
of the passivation layer 114 and then patterned by photoli-
thography to form the pixel electrode 116 in the pixel region,
as shown in FIG. 4G. The conductive layer used to form the
pixel electrode 116 may comprise a transparent material. A
portion of the pixel electrode 116 may be electrically con-
nected to the drain electrode (DE) through the first contact
hole (C1), and another portion of the pixel electrode 116 may
be electrically connected to the second storage electrode
(ST2) through the second contact hole (C2).

[0044] A connection layer 230 may be formed in the data
region. Through the use of the third contact hole (C3), the
connection layer 230 may electrically connect the data line
(DL) and the light-shielding layer 222 with each other. The
connection layer 230 may be electrically connected to an
inner sidewall of the contact hole (inner sidewall formed of
the data line DL) which passes through the third semiconduc-
tor layer 101¢. Although shown in one location in FIGS. 2, 3,
and 4, the position of the third contact hole may vary.
[0045] FIGS. 5A to 5D are plan views illustrating varying
positions of the third contact hole. In FIG. 5A, the third
contact hole (C3) may pass through the center of the data line
(DL). In FIG. 5B, the third contact hole (C3) may pass
through the left-sided edge of the data line (DL). In FIG. 5C,
the third contact hole (C3) may pass through the right-sided
edge of the data line (DL). In FIGS. 5B and 5C, one side of the
third contact hole (C3) is open.

[0046] InFIG. 5D, the third contact hole (C3) is positioned
in the center of the data line (DL) and portions of the data line
(DL) surrounding the third contact hole (C3) may be different
in size from the other portions of the data line (DL). In FIG.
5D, the data line (DL) includes a first portion and a second
portion. A first width (W1) of the first portion may be different
from a second width (W2) of the second portion. The first
portion of the data line (DL) has the third contact hole (C3).
The second portion of the data line (DL) has no third contact
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hole (C3). In FIG. 5D, the first width (W1) is larger than the
second width (W2). Alternatively, the locations of the first
and second widths (W1 and W2) could be reversed and/or the
first width (W1) could be less than the second width (W2).
[0047]  Also, the semiconductor layer 101¢ includes a first
portion and a second portion. A third width (W3) of the first
portion may be different from a fourth width (W4) of the
second portion. In FIG. 5D, the first portion of the semicon-
ductor layer 101¢ has the third contact hole (C3), and the
second portion of the semiconductor layer 101¢ has no third
contact hole (C3). In FIG. 5D, the third width (W3) is larger
than the fourth width (W4). Alternatively, the locations of the
third and fourth widths (W3 and W4) could be reversed and/or
the third width (W3) could be less than the fourth width (W4).
[0048] Although not shown, the third ohmic contact layer
102¢ may include a first portion and a second portion. A fifth
width (W5) of the first portion may be different from a sixth
width (W6) of the second portion. The first portion of the third
ohmic contact layer 102¢ has the third contact hole (C3), and
the second portion of the third ohmic contact layer 102¢ has
no third contact hole (C3). The fifth width (W5) may be larger
than the sixth width (W6). Alternatively, the locations of the
fifth and sixth widths (W5 and W6) could be reversed and/or
the fifth width (W5) could be less than the sixth width (W6).
[0049] While various embodiments of the invention have
been described, it will be apparent to those of ordinary skill in
the art that many more embodiments and implementations are
possible within the scope of the invention. Accordingly, the
invention is not to be restricted except in light of the attached
claims and their equivalents.

1. A LCD device comprising:

a substrate provided with a pixel region defined by a gate
line and a data line, the gate line and the data line
arranged perpendicular to one another;

a thin film transistor formed adjacent to a crossing of the
gate and data lines;

a pixel electrode formed in the pixel region;

a semiconductor layer formed between the substrate and
the data line;

a light source to emit light towards a lower surface of the
substrate; and

a light-shielding layer formed between the light source and
the semiconductor layer, the light-shielding layer elec-
trically connected to the data line.

2. The LCD device of claim 1, wherein the light-shielding
layer substantially blocks the light emitted from the light
source from being incident on the semiconductor layer.

3. The LCD device of claim 2, wherein the light-shielding
layer partially covers the semiconductor layer.

4. The LCD device of claim 2, wherein the light-shielding
layer completely covers the semiconductor layer.

5. The LCD device of claim 1, wherein the light-shielding
layer is formed between the substrate and the semiconductor
layer.
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6. The LCD device of claim 5, further comprising:

an insulation layer formed between the light-shielding
layer and the semiconductor layer; and

a passivation layer formed between the pixel electrode and
the data lie.

7. The LCD device of claim 6, further comprising:

a contact hole which exposes the light-shielding layer by
sequentially passing through predetermined portions of
the passivation layer, the data line, the semiconductor
layer, and the insulation layer; and

a connection layer which electrically connects the light-
shielding layer with the data line through the contact
hole.

8. The LCD device of claim 7, wherein the contact hole

passes through the center of the data line.

9. The LCD device of claim 7, wherein the contact hole
passes through one edge of the data line.

10. The LCD device of claim 9, wherein one inner sidewall
of the contact hole is open.

11. The LCD device of claim 7, wherein the data line
includes a first portion having the contact hole and a second
portion having no contact hole, and a first width of the first
portion is different from a second width of the second portion.

12. The LCD device of claim 11, wherein the first width is
larger than the second width.

13. The LCD device of claim 7, wherein the semiconductor
layer includes a first portion having the contact hole and a
second portion having no contact hole, and a first width of the
first portion is different from a second width of the second
portion.

14. The LCD device of claim 13, wherein the first width is
larger than the second width.

15. The LCD device of claim 1, further comprising a con-
nection layer which electrically connects the light-shielding
layer with the data line.

16. The LCD device of claim 15, wherein the connection
layer comprises the same material as the pixel electrode.

17. The LCD device of claim 1, wherein the light-shielding
layer comprises a conductive metal material.

18. The LCD device of claim 1, wherein the light-shielding
layer comprises the same material as the gate line.

19. A method of fabricating a LCD device, comprising:

forming a light-shielding layer on a substrate;

forming a semiconductor layer over the light-shielding
layer;

forming an ohmic layer over the semiconductor layer; and

forming a data line over the ohmic layer.

20. The method of claim 19, further comprising forming a
gate insulating layer between the light-shielding layer and the
semiconductor layer.

21. The method of claim 19, further comprising electrically
connecting the light-shielding layer to the data line.

22. The method of claim 19, where the light-shielding layer
is formed from a conductive material.
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