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7) ABSTRACT

According to the present invention, a channel protection film
is formed a little smaller in area than the gate electrode
formed of a shielding metal film. A semiconductor thin film
is formed such that the thickness is set not less than 200 A
and less than 400 A. A distance A between the edge of the
gate electrode in the channel length direction and the edge
of the channel protection film is set around 0.2-1.2 um, and
a distance B between the edge of the gate electrode in the
channel width direction and the edge of the channel protec-
tion film is set around 1-2 gm. With this constitution, the
leak current of the thin film transistor due to the light
irradiation can be reduced.
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FIG.4
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FIG.5
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FIG.13
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LIQUID CRYSTAL DISPLAY DEVICE HAVING
THIN FILM TRANSISTORS FOR REDUCING
LEAK CURRENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Applica-
tions No. 2000-206758, filed Jul. 7, 2000; and No. 2000-
289987, filed Sep. 25, 2000, the entire contents of both of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device having thin film transistors for reducing leak
current, and more specifically, relates to an active matrix
liquid crystal display device having thin film transistors each
of which is provided with a gate electrode made of shielding
material.

[0004]

[0005] Some of liquid crystal display devices have thin
film transistors as switching elements. FIG. 13 is a partly
enlarged plan view of such a kind of the conventional liquid
crystal display device, and FIG. 14 is an enlarged sectional
view taken along XIV-XIV line. The liquid crystal display
device is provided with a lower glass substrate 101 and an
upper glass substrate 102 bonded to each other by a sealing
member (not shown) formed in an approximately square
frame and disposed therebetween. Liquid crystal 103 is
sealed between the glass substrates 101 and 102 and inside
the sealing member.

[0006] The lower glass substrate 101 is provided at pre-
determined portions on the upper face thereof with scanning
lines 105 each including a gate electrode 104 and formed of
shielding metal material. The scanning line 105 extends in a
direction from left to right in FIG. 13. The lower glass
substrate 101 provided with the gate electrodes 104 and the
scanning lines 105 also has on the upper face a gate
insulating film 106 formed of silicon nitride or the like.
There is provided a semiconductor thin film 107 formed of
intrinsic amorphous silicon on a portion of the upper face of
the gate insulating film 106, which is placed directly upper
the gate electrode 104. On the upper face of the approxi-
mately central portion of the channel length of the semicon-
ductor thin film 107, there is provided a channel protection
film 108 formed of silicon nitride or the like. The upper face
of the side portions of the channel protection film 108 and
the upper faces of source and drain regions of the semicon-
ductor thin film 107 are covered with ohmic contact layers
109 and 110 formed of n-type amorphous silicon.

[0007] There are provided signal lines 112 each including
a drain electrode 111 and formed of shielding metal material
on the predetermined portions of the upper faces of the
ohmic contact layer 109 and the gate insulating film 106.
The signal line 112 extends in a direction from the upper
portion to the lower portion in FIG. 13. The other ohmic
contact layer 110 is provided on the upper face thereof with
a source electrode 113 formed of shielding metal material.
The above-mentioned members, i.e., the gate electrode 104,
the gate insulating film 106, the semiconductor thin film

1. Field of the Invention

2. Description of the Related Art
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107, the channel protection film 108, the ohmic contact
layers 109 and 110, the drain electrode 111, and the source
electrode 113 constitute a thin film transistor 114.

[0008] There is provided on the gate insulating film 106 an
overcoat film 116 so as to entirely cover the thin film
transistor 114. The overcoat film 116 is provided on the
predetermined portion of the upper face with a plenty of
pixel electrodes 117 formed of transparent metal material
such as ITO. Each of the pixel electrodes 117 is connected
to the source electrode 113 of the corresponding thin film
transistor through a contact hole 118 formed in the overcoat
film 116. On the other hand, there are provided a black mask
119 and a counter electrode 120 which are formed of metal
material such as chromium oxide with relatively low reflec-
tivity, such that the upper glass substrate 102 contacts with
them on the lower face. The black mask 119 is formed in a
rectangular frame and provided to each of the pixel elec-
trodes so as to enclose the pixel region. The frame is shown
in FIG. 13 as a two-dot line, that is arranged to face the
scanning line 105 including the gate electrode 104 and the
signal line 112 including the drain electrode 111. There is
normally provided a first alignment film on the overcoat film
116 and the pixel electrode 117 on lower glass substrate 101,
asecond alignment film on the counter electrode 120 formed
on the glass substrate 102. FIGS. 13 and 14, however, omit
these alignment films.

[0009] The relationship between the gate electrode 104
and the channel protection film 108 will be described below.
The channel protection film 108 is formed by the photoli-
thography technique with use of a mask formed of photo-
resist subjected to the exposure from the back side (back side
exposure) with use of the gate electrode 104 as a mask and
the exposure from the front side (front side exposure) with
use of a mask (not shown) and then developed. In the
backside exposure using the gate electrode 104 as a mask,
the photoresist is formed in a size a little smaller than that
of the gate electrode 104 in area since light comes inside
from the peripheral portion of the gate electrode 104 and the
scanning line 105. FIG. 13 shows a value A (a distance
between the edge [front edge] of the gate electrode 104 in
the direction of the channel length and the edge [front edge]
of the channel protection film 108 in the direction of the
channel length) and a value B (a distance between the edge
[side edge] of the gate electrode 104 in the direction of the
channel width and the edge [side edge] of the channel
protection film 108 in the direction of the channel width).
They are both set around 2-3 gm, normally.

[0010] If the conventional liquid crystal display device as
mentioned above is used as a transmissive display, however,
light incident from the backlight (not shown) arranged on
the lower face of the lower glass substrate 101 is reflected by
the blackmask 119. The reflected light transmits through the
channel protection film 108 and reaches the semiconductor
thin film 107, resulting in the increase of the leak current. On
the other hand, it is required now to reduce in width the
scanning line 105 including the gate electrode 104 and the
signal line 112 including the drain electrode 111 in order to
increase the aperture ratio of the liquid crystal display device
and form the device more finely. If the values A and B are
set at 2-3 um as mentioned above, however, the device
cannot have larger aperture ratio or be formed more finely.
If the values A and B are set smaller, however, the leak
current will increase to deteriorate the OFF-performance of
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the thin film transistor 114, with the result that the display
performance will be adversely affected.

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention is intended to provide pos-
sibility of reducing the leak current from the thin film
transistor due to the reflected light transmitting through the
channel protection film and reaching the semiconductor thin
film of the transistor.

[0012] The liquid crystal display device according to an
aspect of the present invention comprises a liquid crystal
display device comprising: pixel electrodes formed of trans-
parent conductive material; thin film transistors each pro-
vided with a gate electrode formed of shielding material and
having a front edge, a rear edge, and a pair of side edges, a
gate insulating film, a semiconductor thin film, a drain
electrode, a source electrode, and a channel protection film
smaller than the gate electrode, a thickness of the semicon-
ductor thin film being at least 200 A and less than 400 A,
each of the pixel electrode having a edge adjacent to the
front edge and one of the side edges of the gate electrode, the
source electrode extending over the front edge of the gate
electrode to be connected with the pixel electrode, the
channel protection film having front edge facing the front
edge of the gate electrode, and a distance between the front
edge of the gate electrode and the front edge of the channel
protection film being 0.2-1.2 um.

[0013] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL

VIEWS OF THE DRAWING
[0014] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
presently embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the embodiments given below, serve to explain the
principles of the invention.

[0015] FIG. 1is an enlarged plan view showing a part of
a liquid crystal display device according to the first embodi-
ment of the present invention.

[0016] FIG. 2 is an enlarged sectional view of the liquid
crystal display device taken along a line II-IT shown in FIG.
1.

[0017] FIG. 3 is a graph showing a relationship between
the value of Off-current of a thin film transistor and a value
A.

[0018] FIG. 4 is a graph showing a relationship between
the value of Off-current of a thin film transistor and a
thickness of the semiconductor thin film.

[0019] FIG. 5 is a graph showing a relationship between
the value of On-current of a thin film transistor and a
thickness of the semiconductor thin film.

[0020] FIG. 6 is an enlarged plan view showing a main
part of a liquid crystal display device according to the
second embodiment of the present invention.
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[0021] FIG. 7 is an enlarged sectional view of the liquid
crystal display device taken along a line VII-VII shown in
FIG. 6.

[0022] FIG. 8 is an enlarged sectional view for explaining
the first manufacturing step of the thin film semiconductor
device shown in FIGS. 6 and 7.

[0023] FIG. 9 is an enlarged sectional view for explaining
the manufacturing step following the first step shown in
FIG. 8.

[0024] FIG. 10 is an enlarged sectional view for explain-
ing the manufacturing step following the step shown in FIG.

9.

[0025] FIG. 11 is an enlarged sectional view for explain-
ing the manufacturing step following the step shown in FIG.
10.

[0026] FIG. 12 is an enlarged sectional view for explain-
ing the manufacturing step following the step shown in FIG.
11.

[0027] FIG. 13 is an enlarged plan view showing a part of
the conventional liquid crystal display device.

[0028] FIG. 14 is an enlarged sectional view of the liquid
crystal display device taken along a line XIV-XIV shown in
FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

The First Embodiment

[0029] FIG. 1is an enlarged plan view showing a part of
a liquid crystal display device according to the first embodi-
ment of the present invention, and FIG. 2 is an enlarged
sectional view of the liquid crystal display device taken
along a line II-1T shown in FIG. 1. The liquid crystal display
device shown in the figures is provided with a lower glass
substrate 1 and an upper glass substrate 2 bonded to each
other to hold therebetween a sealing member (not shown)
formed in an approximately square frame, and contains
liquid crystal 3 between the glass substrates 1 and 2.

[0030] The lower glass substrate 1 is provided at a pre-
determined portions on the upper face thereof with scanning
lines 5 each including a gate electrode 4 and formed of
shielding metal material. The scanning line 5 extends in a
direction from left to right in FIG. 1. The lower glass
substrate 1 provided with the gate electrode 4 and the
scanning line 5 also has on the upper face a gate insulating
film 6 formed of silicon nitride or the like. There is provided
a semiconductor thin film 7 formed of intrinsic amorphous
silicon on a portion of the upper face of the gate insulating
film 6, which is placed directly or substantially above the
gate electrode 4. On the upper face of the central portion of
the channel width of the semiconductor thin film 7, there is
provided a channel protection film 8 formed of silicon
nitride or the like. The upper face of the side portions of the
channel protection film 8 and the upper faces of source and
drain regions of the semiconductor thin film 7 are covered
with ohmic contact layers 9 and 10 formed of n-type
amorphous silicon.

[0031] There are provided signal lines 12 each including a
drain electrode 11 and formed of shielding metal material on
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the predetermined portion of the upper faces of the ohmic
contact layer 9 and the gate insulating film 6. In FIG. 1, the
signal line 12 extends in a direction from the upper portion
to the lower portion of the drawing. The other ohmic contact
layer 10 is provided on the upper face with a source
electrode 13 formed of shielding metal material. The above-
mentioned members, i.c., the gate electrode 4, the gate
insulating film 6, the semiconductor thin film 7, the channel
protection film 8, the ohmic contact layers 9 and 10, the
drain electrode 11, and the source electrode 13 constitute a
thin film transistor 14.

[0032] There is provided on the gate insulating film 6 an
overcoat film 16 so as to entirely cover the thin film
transistor 14. The overcoat film 16 is provided on the
predetermined portion of the upper face with a plenty of
pixel electrodes 17 formed of transparent metal material
such as ITO. Each of the pixel electrodes 17 is connected to
the source electrode 13 of the corresponding thin film
transistor through a contact hole 18 formed in the overcoat
film 16. On the other hand, there are provided a black mask
19 and a counter electrode 20 which are formed of metal
material such as chromium oxide with relatively low reflec-
tivity, such that the upper glass substrate 2 contacts with
them on the lower face. The black mask 19 is formed in a
rectangular frame and provided to each of the pixel elec-
trodes so as to enclose the pixel region. The frame is shown
in FIG. 1 as a two-dot line, that is arranged to face the
scanning line 5 including the gate electrode 4 and the signal
line 12 including the drain electrode 11. There is normally
provided a first alignment film on the overcoat film 16 and
the pixel electrode 17 on lower glass substrate 1, a second
alignment film on the counter electrode 20 formed on the
glass substrate 2. FIGS. 1 and 2, however, omit these
alignment films.

[0033] The channel protection film 8 is formed by the
photolithography technique with use of a mask formed of
photoresist subjected to the exposure from the back side
(back side exposure) with use of the gate electrode 4 as a
mask and the exposure from the front side (front side
exposure) with use of a mask (not shown) and the develop-
ment. In the backside exposure using the gate electrode 4 as
a mask, the photoresist is formed in a size a little smaller
than that of the gate electrode 4 in area since light comes
inside from the peripheral portion of the gate electrode 4 and
the scanning line 5. The distance between the edge of the
gate electrode 4 in the direction of the channel length and the
edge of the channel protection film 8 in the direction of the
channel length is determined as a value A (um), and a
distance between the edge of the gate electrode 4 in the
direction of the channel width and the edge of the channel
protection film 8 in the direction of the channel width is
determined as a value B (um).

[0034] When the liquid crystal display device as men-
tioned above is used as a transmissive display, and the
brightness of the backlight (not shown) arranged on the
lower face of the lower glass substrate 1 is varied to study
the relationship between the Off-current of the thin-film
transistor 14 and the value A, the result as shown in the
graph of FIG. 3 was obtained. In this study, the thickness of
the semiconductor thin film 7 is set at 500 1:’\, and the value
B is set at 1-2 ym. Similarly, the study of the relationship
between the Off-current of the thin-film transistor 14 and the
thickness of the semiconductor thin film 7 had the result
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shown in the graph of FIG. 4, and the study of the relation-
ship between the On-current of the thin-film transistor 14
and the thickness of the semiconductor thin film 7 had the
result shown in the graph of FIG. 5. In these studies, the
value Ais set at 0.2-1.2 um, and the value B is set at 1-2 um.
The Off-current values in the studies shown in FIGS. 3 and
4 were obtained in a condition where the drain voltage is
fixed at 10V and the gate voltage is set at —5V. The
On-current value in the study shown in FIG. 5 was obtained
in a condition where the drain voltage is fixed at 10V and the
gate voltage is set at +15V. The symbols of black ball, white
ball, black triangle, and white triangle respectively represent
four cases where the brightness of the backlight is set at 0
cd/m?, 1500 cd/m?, 3000 cd/m?, and 5400 cd/m”. The values
A and B can be easily controlled by varying the light
intensity and the irradiation time of the back side exposure.

[0035] As should be clear from the graph of FIG. 3, when
the thickness of the semiconductor thin film 7 is set at 500
A, the Off-current (leak current) is increased as the value A
is decreased. Especially, when the value A is set at 1 yum or
less, the value of the Off-current is increased to a non-
preferable level. In the next study shown in FIG. 4, there-
fore, the value A was set at 0.2-1.2 um to decrease the leak
current to a preferable level, and the thickness of the
semiconductor thin film 7 was varied. As a result of this
study, the Off-current was decreased to a preferable level as
the thickness of the semiconductor thin film 7 was
decreased. When the thickness of the semiconductor thin
film 7 was decreased, however, the On-current was also
decreased as shown in FIG. 5, which results in the non-
preferable deterioration of the performance of the device. In
order to attain both the suppression of the leak current and
the prevention of the decrease of the On-current, the pref-
erable scope of the thickness of the semiconductor thin film
7 was determined from the studies shown in FIGS. 4 and 5.
The graph of FIG. 4 shows that the Off-current is increased
when the thickness of the semiconductor thin film 7 is set at
400 A or more, which results in the deterioration of the
display performance. Accordingly, it is preferable to set the
thickness of the semiconductor thin film 7 below 400 A. On
the other hand, the graph of FIG. 5 shows that the On-
current is decreased when the thickness of the semiconduc-
tor thin film 7 is set below 200 A, which also results in the
deterioration of the display performance. Accordingly, it is
preferable to set the thickness of the semiconductor thin film
7200 A or more.

[0036] As should be clear from the above studies, when
the thickness of the semiconductor thin film 7 is set not less
than 200 A and less than 400 A, the Off-current (leak
current) can be decreased with little adverse effect to the
On-current, even if the value A is set at 0.2-1.2 um and the
value B is set at 1-2 um. The graph of FIG. 4 further
suggests that the Off-current (leak current) can be more
decreased when the thickness of the semiconductor thin film
7 is set around 350 A. It is thus more preferable to set the
thickness of the semiconductor thin film 7 at 200-350 A.
Similarly, in consideration that the precision of the backside
exposure is around 0.5 um, it 1s also preferable to set the
value A at 0.5-1.2 um. It goes without saying that the value
B should be set in a range between 0.2 and 1.2 um, more
preferably, at a 0.5-1.2 um.

[0037] Incidentally, the liquid crystal display device
shown in FIGS. 1 and 2 is formed such that the drain
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electrode 11 of the thin film transistor 14 is protruded from
the signal line 12 in the row direction, and thus a horizon-
tally L-shaped groove needs to be formed to separate the
source electrode 13 from the drain electrode 11 and the
signal line 12 since the drain electrode 11 and the signal line
12 are arranged near the source electrode 13. The horizontal
L-shaped groove is formed by forming a photoresist film on
the signal line 12 including the drain electrode 11 and the
source electrode 13, and etching the shielding metal material
with use of the photoresist film as a mask. The photoresist
film used for forming the groove is, however, rather thick,
and thus the etching solution will not flow easily into the
horizontal L-shaped groove, which will impede the progress
of the etching process. As a result, process malfunction
occurs, which may cause short-circuit between the scanning
signal line 12 including the drain electrode 11 and the source
electrode 13.

[0038] The liquid crystal display device enable to prevent
the short-circuit between the drain electrode 11 and the
source electrode 13 will be described below as the second
embodiment of the present invention.

The Second Embodiment

[0039] FIG. 6 is an enlarged plan view showing a main
part of a liquid crystal display device according to the
second embodiment of the present invention. The liquid
crystal display device has three pixel electrodes 67, i.e., R,
G, and B constituting one pixel, which are respectively
arranged as apexes of an isosceles triangle. A scanning line
55 is arranged linearly between upper and lower pixel
electrodes 67 vertically adjacent to each other in the row
direction. A signal line 62 is arranged in a meandering
manner in the column direction between left and right pixel
electrodes 67 horizontally adjacent to each other and
between upper and lower pixel electrodes 67 vertically
adjacent to each other.

[0040] One side edge of the signal line 62 which faces a
thin film transistor 64 is formed to linearly extend in the
column direction and functions as a drain electrode 61. The
thin film transistor 64 is formed such that a gate electrode 54,
the drain e¢lectrode 61, and the source electrode 63 are
arranged horizontally in the column direction. In other
words, the channel of the transistor extends in the column
direction. The gate electrode 54 is formed as a rectangular
having longer sides in the column direction and shorter sides
in the row direction, and protrudes from the scanning line
55.

[0041] The source electrode 63 is formed on a channel
protection film 58 to face the drain electrode 61, and extends
along the scanning line 55 to be connected to the pixel
electrode 67. Both sides (front edge and rear edge) of the
channel protection film 58 in the channel length direction of
the thin film transistor 64 and a side (side edge) adjacent to
the pixel electrode 67 in the channel width direction are
formed in a self-alignment manner with respect to the gate
electrode 54. The side edges (front edge and rear edge) of the
channel protection film 58 in the channel length direction of
the thin film transistor are positioned inside by the value A
from the side edges of the gate electrode 54 in the same
direction, while, the side edge in the channel width direction
is positioned inside by the value B from the side edge of the
gate electrode 54 in the same direction.
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[0042] There is provided a supplemental capacity line 71
below the upper side of the pixel electrode linearly in the
row direction. The supplemental capacity line 71 has a pair
of supplemental capacity electrodes 72 extending to the side
of the pixel electrode 67. The supplemental capacity elec-
trodes 72 are arranged to overlap with a part of a right side
of the left pixel electrode 67 and a part of a left side of the
right pixel electrode 67, and placed under the signal line 62
between the left and right pixel electrodes. The signal line 62
is formed a little wider in portions crossing the scanning line
55, overlapping the peripheral harts of the supplemental
capacity electrodes 72, and placing aside the thin film
transistor 64, in comparing with the other portion. In other
words, a middle portion 62a of the signal line 62, which
extends in the column direction, is formed narrow. This is
because, the area shielded by the signal line 62 needs to be
decreased to increase the aperture ratio. To prevent the
wiring from being cut at steps, the signal line 62 is formed
a little wider at the above-mentioned portions overlapping
the scanning line 55 and the peripheral parts of supplemental
capacity electrodes 72. The channel protection film 58 of the
thin film transistor 64, which faces the drain electrode 61, is
arranged to overlap the scanning line 55 such that the left
side of the channel protection film 58 is positioned inside
with respect to the above-mentioned narrow middle portion
624 of the signal line 62. By placing the thin film transistor
64 possibly near the signal line 62 in this manner, the
aperture ratio is increased. It should be noted that the length
of the middle portion 62a of the signal line 62 is shown
much shorter than the actual length due to the smallness of
the drawing. The area 69 enclosed by a two-dot line in FIG.
6 is a black matrix.

[0043] The following is the description of the specific
structure of a part of the liquid crystal display device in
conjunction with FIG. 7 as the enlarged sectional view of
the liquid crystal display device taken along a line VII-VII
shown in FIG. 6. The glass substrate 51 is provided at
predetermined portions on the upper face thereof with
scanning lines 55 each including a gate electrode 54. The
glass substrate 51 provided at the other predetermined
portions on the upper face thereof with the supplemental
capacity lines 71 (not shown in FIG. 7) each including the
supplemental capacity electrode 72. The upper face of the
glass substrate 51 is entirely covered with the gate insulating
film 56 formed of silicon nitride or the like. There is
provided the semiconductor thin film 57 formed of intrinsic
amorphous silicon on a portion of the upper face of the gate
insulating film 56 on the gate electrode 54. On a predeter-
mined portion of the upper face of the semiconductor thin
film 57, there is provided the channel protection film 58
formed of silicon nitride or the like. The upper face of the
side portions of the channel protection film 58 and the upper
faces of the semiconductor thin film 37 are covered with
ohmic contact layers 59 and 60 formed of n-type amorphous
silicon.

[0044] There is provided the signal line 62 including the
drain electrode 61 on the predetermined portion of the upper
faces of the ohmic contact layer 59 and the gate insulating
film 56. The other ohmic contact layer 60 is provided on the
upper face with the source electrode 63. There is provided on
the gate insulating film 56 the overcoat film 66 formed of
silicon nitride or the like so as to entirely cover the signal
line 62 and the source electrode 63. There is provided a
contact hole 68 in the overcoat film 66 so as to contact with
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the predetermined portion of the source electrode 63. The
pixel electrode 67 is formed on a predetermined portion on
the upper face of the overcoat film 66 to be connected with
the source electrode 63 through the contact hole 68. The
above-mentioned members, i¢., the gate electrode 54, the
gate insulating film 56, the semiconductor thin film 57, the
channel protection film 58, the ohmic contact layers 59 and
60, the drain electrode 61, and the source electrode 63
constitute the thin film transistor 64.

[0045] The following is the description of the manufac-
turing process of the above-mentioned liquid crystal display
device with serial reference to FIGS. 8 to 12. As shown in
FIG. 8, the scanning line 55 including the gate electrode 54
is formed at a predetermined portion on the upper face of the
glass substrate 51 at first, and the supplemental capacity line
71 including the supplemental capacity electrode 72 is
formed on the other predetermined portion on the upper face
of the glass substrate 51. Next, on the entire upper face of the
glass substrate 51, on which the scanning line and the
supplemental capacity line are formed, the gate insulating
film 56 formed of silicon nitride or the like, a semiconductor
thin film 57« formed of intrinsic amorphous silicon, and a
channel protection film forming film 584 formed of silicon
nitride or the like, are serially deposited.

[0046] Subsequently, a photoresist film 81 for forming the
channel protection film is formed on the predetermined
portion of the upper face of the channel protection film
forming film 584 on the gate electrode 54 by the back side
exposure with use of the gate electrode 54 as a mask and by
the front side exposure with use of an exposure mask on the
front side. In this step, the photoresist film 81 is aligned by
the back side exposure with use of the gate electrode 54 as
a mask, ie., aligned in a position by the self-alignment
manner such that the values A and B are set at appropriate
values.

[0047] Next, the film 584 is sclectively etched with use of
the photoresist film 81 as a mask to form the channel
protection film 58 below the photoresist film 81, as shown
in FIG. 9. Similarly to the first embodiment, when the
thickness of the semiconductor thin film 57 (574) is not less
than 200 A and less than 400 A, it is preferable to form the
channel protection film 58 such that the value A is set within
a range of 0.2-1.2 um and the value B is set within a range
of 1-2 um. In this embodiment, however, it is possible to set
the values A and B at the same value by the backside
exposure. If the values A and B are set at the same value, the
range of 1-1.2 um is the most preferable, but the range of
0.5-1.5 um can also sufficiently satisfy the requirement. The
positions of the edge (side edge) of the channel protection
film 58 and the edge (side edge) on the opposite side, which
determine the value B, are determined by the front side
exposure. After the above-mentioned step, the photoresist
film 81 is removed.

[0048] Next, the ohmic contact layer 65 formed of n-type
amorphous silicon and a metal film 63 formed of chromium
or the like are serially deposited on the entire upper face of
the semiconductor thin film 574 including the channel
protection film 58 such that the metal film 63a is directly
stacked on the ohmic contact layer 65, as shown in FIG. 10.
Subsequently, photoresist films 82 and 83 are respectively
formed on predetermined portions on the upper face of the
metal film 634. In this time, the photoresist film 82 is
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provided to form the signal line 62 including the drain
electrode 61, and the photoresist film 83 is provided to form
the source electrode 63. After forming the photoresist films,
the metal film is subjected to the wet etching process with
use of the photoresist films 82 and 83 to form the signal line
62 including the drain electrode 61 below the photoresist
film 82 and the source electrode 63 below the photoresist
film 83, as shown in FIG. 11.

[0049] The above-mentioned liquid crystal display device
is formed such that the arrangement of the gate electrode 54,
the drain electrode 61, and the source electrode 63 of the thin
film transistor 64 is performed in the row direction, in other
words, the channel length direction of the transistor equals
to the row direction. In such a constitution, the groove
between the source electrode 63 and the signal line 62
including the drain electrode 61 is formed to extend linearly
in the column direction that is the same as the arrangement
direction of the signal line 62. Therefore, the groove
between the photoresist films 82 and 83 formed on the drain
electrode 61 and the source electrode 63 is also formed to
extend linearly in the column direction that is the same as the
arrangement direction of the signal line 62. With this con-
stitution, the etching solution used in the wet etching process
wherein the metal film 63a is etched with use of the
photoresist films 82 and 83 easily flows into the groove,
resulting that short-circuit due to the process malfunction
between the signal line 62 including the drain electrode 61
and the source electrode 63 can be prevented from easily
occurring. If the channel length, i.e., the distance between
the drain electrode 61 and the source electrode 63 is set large
to some extent, the etching solution can flow more easily
into the groove.

[0050] Next, with use of the photoresist films 82 and 83,
the drain electrode 61, and the source electrode 63 as a mask,
the ohmic contact layer 65 and the semiconductor thin film
57a are subjected to the dry etching process to form the
ohmic contact layer 59 below the drain electrode 61 and the
other ohmic contact layer 60 below the source electrode 63,
as shown in FIG. 12. With this etching, the semiconductor
thin film 57 is also formed below the ohmic contact layers
59 and 60 and the channel protection film 58. After the
etching process, the photoresist films 82 and 83 are
removed.

[0051] Subsequently, the overcoat film 66 formed of sili-
con nitride is deposited on the entire upper face of the gate
insulating film 56 including the thin film transistor 64 and
the like, as shown in FIG. 7. Next, the contact hole 68 is
formed on the portion of the overcoat film 66, which
corresponds to the predetermined portion of the source
electrode 63. After forming the contact hole, the pixel
electrode 67 is formed on a predetermined portion on the
upper face of the overcoat film 66 such that the pixel
electrode 67 is connected with the source electrode 63 via
the contact hole 68.

[0052] The structure described in the second embodiment
can be applied irrelevantly from the reduction of the leak
current. In other words, even if the thickness of the semi-
conductor thin film and the value A as the distance between
the edge in the direction of the channel length of the gate
electrode and the edge in the direction of the channel length
of the channel protection film are set at the conventional
values, the short-circuit due to the process malfunction
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between the drain electrode and the source electrode can be
prevented. Similarly, though the above-mentioned embodi-
ment relates to the case where the present invention is
applied to the liquid crystal display device with the delta
arrangement, it goes without saying that the present inven-
tion can be applied to the liquid crystal display device with
the other arrangement such as the stripe arrangement. Fur-
ther, the structure wherein the pixel electrode is formed on
the overcoat film covering the thin film transistor is
employed in the above-mentioned embodiment, but the
present invention can be also applied to the structure
wherein the pixel electrode is formed on the gate insulating
film and the thin film transistor and the pixel electrode are
covered with the overcoat film.

[0053] As described above, according to the present
invention, the thickness of the semiconductor thin film is set
not less than 200 A and less than 400 A (more preferably,
around 200-350 A) and the distance between the edge of the
gate electrode and the edge of the channel protection film is
set around 0.2-1.2 ym. By setting them in this manner, the
leak current of the thin film transistor due to the light
irradiation can be reduced with little adverse effect to the
On-current of the thin film transistor, with the result that the
Off performance of the thin film transistor is improved to
enhance the display performance.

[0054] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A liquid crystal display device comprising:

pixel electrodes formed of transparent conductive mate-
rial;

thin film transistors each provided with a gate electrode
formed of shielding material and having a front edge,
a rear edge, and a pair of side edges, a gate insulating
film, a semiconductor thin film, a drain electrode, a
source electrode, and a channel protection film smaller
than the gate electrode, a thickness of the semiconduc-
tor thin film being at least 200 A and less than 400 A,

each of the pixel electrode having a edge adjacent to the
front edge and one of the side edges of the gate
electrode, the source electrode extending over the front
edge of the gate electrode to be connected with the
pixel electrode, the channel protection film having front
edge facing the front edge of the gate electrode, and a
distance between the front edge of the gate electrode
and the front edge of the channel protection film being
0.2-12 um.

2. The liquid crystal display device according to claim 1,
wherein the thickness of the semiconductor thin film is at
least 200 A and not more than 350 A.

3. The liquid crystal display device according to claim 1,
wherein the distance between the front edge of the gate
electrode and the front edge of the channel protection film is
0.5-1.2 ym.
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4. The liquid crystal display device according to claim 1,
wherein the channel protection film has a side edge facing
one of the side edges of the gate electrode, which is adjacent
to the pixel electrode, and a distance between the one of the
side edges of the gate electrode and the side edge of the
channel protection film is 1-2 um.

5. The liquid crystal display device according to claim 1,
wherein the channel protection film has a front edge and a
side edge respectively facing the front edge of the gate
electrode and the one of the side edges of the gate electrode,
which is adjacent to the pixel electrode, a distance between
the front edge of the gate electrode and the front edge of the
channel protection film and a distance between the one of the
side edges of the gate electrode and the side edge of the
channel protection film are respectively 0.5-1.5 um.

6. The liquid crystal display device according to claim 5,
wherein the distance between the front edge of the gate
electrode and the front edge of the channel protection film
and the distance between the one of the side edges of the gate
electrode and the side edge of the channel protection film are
substantially equal to each other.

7. The liquid crystal display device according to claim 1,
further comprising a black mask covering the gate electrode
and the edge of the pixel electrode.

8. The liquid crystal display device according to claim 1,
wherein the gate electrode is connected to a scanning line,
the drain electrode is formed as a part of a signal line formed
in a direction orthogonal to the scanning line, and the source
electrode is formed along the scanning line so as to face the
drain electrode.

9. The liquid crystal display device according to claim 8,
wherein the channel protection film has a front edge and a
side edge respectively facing the front edge of the gate
electrode and the one of the side edges of the gate electrode,
which is adjacent to the pixel electrode, a distance between
the front edge of the gate electrode and the front edge of the
channel protection film and a distance between the one of the
side edges of the gate clectrode and the side edge of the
channel protection film are respectively 0.5-1.5 um.

10. The liquid crystal display device according to claim 8,
wherein the liquid crystal display device has a supplemental
capacity line formed to face the scanning line and having a
pair of supplemental capacity electrodes, the signal line is
provided in a region facing the supplemental capacity elec-
trodes with at least a middle portion formed narrower than
the other portion thereof.

11. The liquid crystal display device according to claim
10, wherein the pixel electrode is formed to have a portion
which faces the middle portion of the signal line and is
formed wider than the other portion thereof.

12. The liquid crystal display device according to claim 8,
further comprising a black mask covering at least the gate
electrode and the edge of the pixel electrode.

13. A liquid crystal display device comprising:

pixel electrodes formed of transparent conductive mate-
rial; and

thin film transistors each provided with a gate electrode
formed of shielding material, a gate insulating film, a
semiconductor thin film, a drain electrode, a source
electrode, and a channel protection film a little smaller
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than the gate electrode, a thickness of the semiconduc-
tor thin film being at least 200 A and less than 400 A,

wherein the respective transistors have a value A as a
distance between an edge of the gate electrode in a
channel length direction and an edge of the channel
protection film being 0.2-1.2 um.

14. A liquid crystal display device comprising:

pixel electrodes formed of transparent conductive mate-
rial;

thin film transistors each provided with a gate electrode
formed of shielding material and having a front edge,
a rear edge, and a pair of side edges, a gate insulating
film, a semiconductor thin film, a drain electrode, a
source electrode, and a channel protection film a little
smaller than the gate electrode, a thickness of the
semiconductor thin film being at least 200 A and not
more than 350 A,

wherein the pixel electrode has an edge adjacent to the
front edge and one of the side edges of the gate
electrode, the source electrode extends over the front
edge of the gate electrode to be connected with the
pixel electrode, the channel protection film has a front
edge facing the front edge of the gate electrode and a
side edge facing the one of the side edges of the gate
electrode, which is adjacent to the pixel electrode, and
a distance between the front edge of the gate electrode
and the front edge of the channel protection film and a
distance between the one of the side edges of the gate
electrode and the side edge of the channel protection
film are 0.5-1.5 um.

15. A liquid crystal display device comprising:

a plurality of scanning lines each having a gate electrode
and formed to extend in a row direction;

a plurality of gate insulating films each formed at least on
corresponding one of the gate electrodes;

a plurality of semiconductor thin films each formed on
corresponding one of the gate insulating films;
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a plurality of channel protection films each formed on
corresponding one of the semiconductor thin films and
having a little smaller area than that of the gate elec-
trode;

a plurality of signal lines each having a drain electrode
and formed to extend in a column direction;

a plurality of pixel electrodes each formed in a corre-
sponding one of regions enclosed by the scanning lines
and the signal lines; and

a plurality of source electrodes each connecting the semi-
conductor thin film and corresponding one of the pixel
electrodes,

wherein each of the gate electrodes is formed in a rect-
angular having longer sides in the column direction and
shorter sides in the row direction, each of the drain
electrodes extends as a part of corresponding one of the
signal lines linearly in the column direction, and each
of the source electrodes extends in the row direction
through corresponding one of the channel protection
films so as to face corresponding one of the drain
electrodes.

16. The liquid crystal display device according to claim
15, wherein each of the gate electrodes has a front edge
adjacent to corresponding one of the pixel electrodes and a
side edge, each of the channel protection films has a front
edge facing the front edge of corresponding one of the gate
electrodes and a side edge facing the side edge of corre-
sponding one of the gate electrodes, a distance between the
front edge of each of the gate electrodes and the front edge
of corresponding one of the channel protection films and a
distance between the side edge of each of the gate electrodes
and the side edge of corresponding one of the channel
protection films are respectively 0.5-1.5 um.

17. The liquid crystal display device according to claim
15, wherein the thickness of the semiconductor thin films is
at least 200 A and not more than 350 A.
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