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LIQUID CRYSTAL DISPLAY APPARATUS AND
PRODUCTION METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display apparatus of the lateral direction electric field drive
type or the twisted nematic type and in particular to a liquid
crystal display apparatus having a high display quality and
little residual image.

[0003] 2. Description of the Related Art

[0004] Recently, a study has been made on a liquid display
apparatus of IPS (in plane switching) type (or lateral direc-
tion electric field drive type) in which the molecule axis
direction of oriented molecules is rotated in the horizontal
direction with respect to a substrate.

[0005] The liquid crystal display apparatus of the IPS type
is characterized in that it is possible to obtain a wide FOV
(field of view) angle as compared to a liquid crystal display
apparatus of TN (twist nematic) type.

[0006] FIG. 24 is a cross sectional view of a TFT element
of a liquid crystal display (LCD) apparatus using the con-
ventional IPS method. In FIG. 24, the TFT is formed by a
gate electrode 101, a gate insulation film 102, a semicon-
ductor layer 103, a source electrode 104 a drain electrode
105, and an insulation film 106 layered on a transparent
substrate. The semiconductor layer 103 is formed in such a
way that semiconductor layer 103 protrude from the gate
electrode 101.

[0007] Light incident from the back light into the back of
an active matrix is shaded by the gate electrode. However,
as has been described above, when the semiconductor layer
protrudes from the gate electrode, the light of the back light
directly collides into this protrusion of the semiconductor
layer and a plenty of leak current is generated, causing a
residual image.

[0008] Moreover, the liquid crystal display apparatus of
the IPS type in which the liquid crystal has a low transmit-
tance has a problem that an increase of the back light
quantity causes an increase of the leak current by the
outward protrusion, thereby deteriorating the residual image
level.

[0009] A method to improve the residual image problem
by controlling characteristics of the liquid crystal material,
the orientation film, and the insulation film has been sug-
gested, for example, in Japanese Patent Publication
7-159786. In this known technique, the residual image is
reduced by lowering the resistance value of the liquid
crystal. However, in this method, the number of movable
ions in the liquid crystal is increased and the liquid crystal
has a low resistance. Accordingly, as shown in FIG. 25,
more movable ions are adsorbed into an indentation of the
back channels compared in the prior art. As a result, the light
leak current is increased, disabling improvement of the
residual image level.

[0010] On the contrary, when the semiconductor layer is
smaller than the gate electrode, the overlap of the gate
electrode and the drain electrode/source electrode increases
the parasitic capacity in this portion. This causes a phenom-

1. Field of the Invention
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enon called field through which causes irregularities in the
target potential to be maintained in the pixel electrode. This
appears as flickers on the screen.

[0011] Moreover, the overlap of the drain electrode/source
electrode and the semiconductor layer requires a predeter-
mined area to assure ON current.

[0012] Moreover, the overlap of the source electrode and
the semiconductor layer requires a predetermined area for a
necessary ohmic contact.

[0013] Considering the aforementioned, in order to reduce
the residual image, it is considered preferable to make the
width of the semiconductor layer in the gate length direction
identical to the gate length.

[0014] Moreover, as a method for forming the semicon-
ductor layer properly in relation to the gate electrode, there
is a method to perform a resist exposure from the back of the
gate electrode. This methods includes a step of patterning of
the gate electrode, a step of forming a semiconductor layer
thereon, a step of forming a resist thereon, and a step of
exposure from the back of the gate electrode. In this case, the
resist is exposed along the gate electrode pattern. Accord-
ingly, the semiconductor layer is formed properly in relation
to the gate electrode.

[0015] Considering the aforementioned, in order to
improve the residual image level, it is considered preferable
to make the width of the semiconductor layer in the channel
length direction identical to the gate width in the channel
length direction.

[0016] Moreover, as a method for forming the semicon-
ductor layer properly in relation to the gate electrode, there
is a method to perform, after formation of the gate electrode,
an exposure from the back of an active matrix substrate for
forming the semiconductor substrate (back surface exposure
method). This methods includes a step of patterning of the
gate electrode, a step of forming a semiconductor layer
thereon, a step of forming a resist thereon, and a step of
exposure from the back of the active matrix substrate. In this
case, the resist excluding the portion on the gate electrode
pattern is exposed. Accordingly, the semiconductor layer is
formed properly in relation to the gate electrode.

[0017] However, when forming the semiconductor layer
properly in relation to the gate electrode by the resist
exposure from the back of the gate electrode, the used for
exposure from the back is absorbed by an amorphous silicon
layer, disabling the exposure.

[0018] Moreover, this method has a problem that the back
surface of the active matrix substrate is easily scratched and
cannot be used in practice.

SUMMARY OF THE INVENTION

[0019] Tt is therefore an object of the present invention to
provide a liquid crystal display (LCD) apparatus of the IPS
type having a high display quality and little residual image
in which a semiconductor layer has a width of the gate
length direction identical to a gate length and a liquid crystal
of a low resistance is used without performing a special step
as compared to the conventional example and without
increasing a leak current in the off state of a thin film
transistor.
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[0020] Another object of the present invention is to pro-
vide production method of a liquid crystal display apparatus
in which a semiconductor layer can easily be formed prop-
erly in relation to the gate electrode.

[0021] Another object of the present invention to provide
a liquid crystal display (LCD) apparatus having a high
display quality and little residual image without performing
a special step as compared to the conventional example and
without increasing a leak current in the off state of a thin film
transistor.

[0022] Another object of the present invention is to pro-
vide production method of a liquid crystal display apparatus
in which a semiconductor layer can easily be formed prop-
erly in relation to the gate electrode.

[0023] The present invention provides a liquid crystal
display apparatus of a lateral direction electric field drive
type comprising an array substrate including a plurality of
TFTs each having a gate electrode, a gate insulation film, a
semiconductor layer, and a source electrode/drain electrode
formed on a transparent substrate and an opposing substrate
arrange so as to oppose to the array substrate, wherein the
semiconductor layer has a width in the gate length direction
identical to the gate length.

[0024] The present invention also provides a liquid crystal
display apparatus production method comprising a photo-
resist step using a single mask for forming a semiconductor
layer and a gate electrode.

[0025] Another, the present invention provides a liquid
crystal display apparatus of the lateral direction electric field
drive type comprising an array substrate including a plural-
ity of TFTs each having a gate electrode, a gate insulation
film, a semiconductor layer, and a source electrode/drain
electrode formed on a transparent substrate and an opposing
substrate arrange so as to oppose to the array substrate,
wherein the semiconductor layer has a width in the gate
length direction identical to the gate electrode width in the
channel length direction.

[0026] Another aspect of the present invention provides a
liquid crystal display apparatus of the lateral direction
electric field drive type comprising an array substrate includ-
ing a plurality of TFTs each having a gate electrode, a gate
insulation film, a semiconductor layer, and a source elec-
trode/drain electrode formed on a transparent substrate and
an opposing substrate arrange so as to oppose to the array
substrate, wherein the semiconductor layer has a width in the
gate length direction smaller than the gate electrode width in
the channel length direction by 0 to 5 micrometers, consid-
ering a positioning margin during production.

[0027] Still another aspect of the present invention pro-
vides a liquid crystal display apparatus, wherein the liquid
crystal has a specific resistance not greater than 5x10*2
[Qem].

[0028] Yet another aspect of the present invention pro-
vides a liquid crystal display apparatus, wherein the semi-
conductor layer has a portion of the side along the channel
length direction removed.

[0029] Further another aspect of the present invention
provides a liquid crystal display apparatus, wherein the
semiconductor layer has a portion of the side along a
direction vertical to the channel length direction protruding
outside the gate electrode.

Nov. 15, 2001

[0030] Still yet another aspect of the present invention
provides a liquid crystal display apparatus, wherein the
semiconductor layer has a portion of the side along the
channel length direction removed and a portion of the side
along a direction vertical to the channel length direction
protruding outside the gate electrode.

[0031] Yet still another aspect of the present invention
provides a liquid crystal display apparatus of the twisted
nematic type comprising an array substrate including a
plurality of TFTs each having a gate electrode, a gate
insulation film, a semiconductor layer, and a source elec-
trode/drain electrode formed on a transparent substrate and
an opposing substrate arrange so as to oppose to the array
substrate, wherein the semiconductor layer has a side along
a direction vertical to the channel length direction partially
protruding outside the gate electrode.

[0032] Yet still another aspect of the present invention
provides a liquid crystal display apparatus of the twisted
nematic type comprising an array substrate including a
plurality of TFTs each having a gate electrode, a gate
insulation film, a semiconductor layer, and a source elec-
trode/drain electrode formed on a transparent substrate and
an opposing, wherein the semiconductor layer has a side
along the channel length direction partially removed and a
side along a direction vertical to the channel length direction
protruding outside the gate electrode.

[0033] Still another aspect of the present invention pro-
vides a liquid crystal display apparatus production method
for producing the aforementioned liquid crystal display
apparatus, the method comprising a photoresist step using a
single mask for forming the semiconductor layer and the
gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is an enlarged plan view of a unit pixel of
a liquid crystal display apparatus according to an embodi-
ment of the present invention.

[0035] FIG. 2 is a cross sectional view about the line A-A'
in FIG. 1.
[0036] FIG. 3 shows a production steps for producing a

liquid crystal display apparatus.

[0037] FIG. 4 is an enlarged view of a portion defined by
a dotted line in FIG. 1.

[0038] FIG. 5 graphically shows the relationship between
the island protrusion width and the light leak current.

[0039] FIG. 6 shows the relationship between the island
protrusion width and the residual image level based on
experiment data.

[0040] FIG. 7 graphically shows the relationship between
the liquid crystal specific resistance and the long-period
residual image.

[0041] FIG. 8 shows production steps for explaining a
production method in which a contour line of an island in the
longitudinal direction is made on-lined with a contour line of
a gate in the longitudinal direction.

[0042] FIG. 9 shows another example of the island con-
figuration.
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[0043] FIG. 10 shows still another example of the island
configuration.

[0044] FIG. 11 shows yet another example of the island
configuration.

[0045] FIG. 12 explains the reason which a part of the
semiconductor layer is removed or enlarged.

[0046] FIG. 13 is an enlarged view of a portion defined by
a dotted line in FIG. 1.

[0047] FIG. 14 graphically shows the relationship
between the island protrusion width and the light leak
current.

[0048] FIG. 15 shows the relationship between the island
protrusion width and the residual image level.

[0049] FIG. 16 graphically shows the relationship
between the liquid crystal specific resistance and the long-
period residual image.

[0050] FIG. 17 shows another example of the island
configuration according to the first embodiment.

[0051] FIG. 18 shows still another example of the island
configuration according to the first embodiment.

[0052] FIG. 19 shows yet another example of the island
configuration according to the first embodiment.

[0053] FIG. 20 is an enlarged plan view of a unit pixel of
a liquid crystal display apparatus according to a second
embodiment of the present invention.

[0054] FIG. 21 is a cross sectional view about the line
A-A' in FIG. 20.

[0055] FIG. 22 shows an example of the island configu-
ration according to the second embodiment.

[0056] FIG. 23 shows another example of the island
configuration according to the second embodiment.

[0057] FIG. 24 is a cross sectional view of a TFT element
portion of a liquid crystal display apparatus using the
conventional IPS method.

[0058] FIG. 25 shows an adhesion model of movable ions
in a liquid crystal to the back channel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0059] Description will now be directed to preferred
embodiments of the present invention with reference to the
attached drawings.

[0060] FIG. 1 is an enlarged plan view of a unit pixel of
a liquid crystal display apparatus according to a first
embodiment of the present invention. In a region defined by
a scan line 1 and a signal line 2 arranged in a matrix shape,
a TFT (thin film transistor) 4 and a pixel electrode 3
connected to the TFR are formed. The TFT 4 has a gate
electrode 5 on which a semiconductor layer 7 is formed for
forming a TFT via an insulation film (not depicted) Further-
more, on these, a pixel electrode (source electrode) 3 and a
drain electrode 6 are formed so as to sandwich the semi-
conductor layer 7. Moreover, the gate electrode 5 is con-
nected to the scan line 1 while the drain electrode 6 is
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connected to a signal line 2. A reference symbol 8§ denotes
a common electrode positioned on the same layer as the gate
layer.

[0061] FIG. 2 is a cross sectional view about a line A-A'
in FIG. 1. It should be noted that like components are
denoted by like reference symbols. The gate electrode 5 is
formed on a part of a glass substrate 14. On the same layer
and in the same production step, the common electrode 8 is
formed in the shape of a comb. The insulation film 9 is
formed to cover the gate electrode dS and the common
electrode 8 completely.

[0062] On the gate electrode 5, an island is formed by
layers of the a silicon film 10 to serve as a semiconductor
layer of the TFT 4 via the gate insulation film 9, and an
electrode layer 11 made from a silicon film doped by
impurities such as phosphorous to compensate for a contact.
Considering the positioning margin at production, the island
is formed with a width in the gate length direction smaller
than the gate length by 0 to 2 micrometers.

[0063] Furthermore, on a part of this island, the pixel
electrode 3 and the drain electrode 6 are formed. After this,
a part of the electrode layer 11 made from the silicon film
doped by impurities is removed, to form a channel portion
of the TFT 4.

[0064] Moreover, in a pixel portion contributing to dis-
play, the pixel electrode 3 is formed in parallel to the
common electrode 8 arranged in a comb shape so as to form
alternating comb teeth. Here, an auxiliary capacitor is
formed between the common electrode 8§ and the pixel
electrode 3. The pixel electrode 3 and the common electrode
8 face to each other via the gate insulation film 9. Voltage is
applied in the lateral direction between the opposing pixel
¢lectrode 3 and the common clectrode 8 so as to drive the
liquid crystal.

[0065] Furthermore, a passivation film 13 is formed to
cover the entire surface of the TFT 4 and the pixel electrode
3. Extensions of the gate electrode 5 and the drain electrode
6 becomes the scan line 1 and the signal line 2 shown in
FIG. 1, respectively.

[0066] The gate electrode 5, the pixel electrode 3, and the
drawing electrode 6 are formed by sputtering or deposition
of a metal film selected from a group consisting of Al, Cr,
Ta, Ti, Mo, W, Nb, and Pt, or an alloy film using these
metals, or a layered film of these.

[0067] The gate insulation film 9 and the passivation film
13 are formed by an insulation film such as a silicone nitride
film or a silicon oxide film formed, for example, by plasma
CVD or sputtering. The gate insulation film 9 may also be
formed by oxidizing a portion of surface of the gate elec-
trode 5 and the scan line 1. Moreover, it may be a layered
film of the oxide film and the silicon nitride film or the
silicone oxide film.

[0068] The silicon film 10 to serve as a channel semicon-
ductor layer and an electrode layer 11 made from a silicon
film doped by impurities are formed, for example, by an
amorphous silicon film or a polycrystal silicon film formed
by the CVD method.

[0069] FIG. 3(a) to FIG. 3(e) show production steps for
producing the liquid crystal display apparatus shown in
FIG. 1 and FIG. 2. The right half of FIG. 3 shows plan
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views and the left half of FIG. 3 shows cross sectional views
about center line in the direction of the shorter side.

[0070] Firstly, in FIG. 3(a), a gate electrode is formed on
a glass substrate. Next, in FIG. 3(b), a gate insulation film,
an amorphous silicon layer, and an n-type amorphous silicon
layer are layered. Next, in FIG. 3(c), the n-type amorphous
silicon layer and the amorphous silicon layer are selectively
etched at once so as to obtain an island shape. Here, the
island shape is formed so that the edge of the amorphous
silicon layer is matched with the gate electrode. Next, in
FIG. 3(d), a source/drain metal is formed and a channel
etching is performed. Lastly, in FIG. 3(¢), a passivation film
is formed.

[0071] Next, explanation will be given on a specific
example of the island configuration when the configuration
of the present invention is applied to a liquid crystal display
apparatus having such a pixel configuration.

[0072] FIG. 4 is an enlarged view of the portion defined
by a dotted line B in FIG. 1. It should be noted that like
components are denoted by like reference symbols.

[0073] Tt is preferable that the contour line of the island in
the longitudinal direction be on-lined with the contour line
of the gate electrode in the longitudinal direction, but
considering a positioning margin in the exposure process
forming an island, it is recessed from the contour line in the
longitudinal direction of the gate electrode by 0 to 2
micrometers. The ratio W/L of the channel length and the
channel width is, for example, 20/82W/L.220/10.

[0074] FIG. 5 shows the relationship between the protru-
sion width of one side of the island protruding from the gate
electrode and the light leak current. This figure shows that as
the protrusion of the island from the gate electrode increases,
the light leak current is increased and as the protrusion width
is reduced, the light leak can be suppressed.

[0075] FIG. 6 shows the relationship between the island
protrusion width and the residual image level based on
experiment data. The residual image level is evaluated in
five grades: © represents a level that cannot be observed
from the front at all; o represents a level that cannot be
observed from the from the front but can be slightly viewed
from a perspective viewpoint; A represents a level that can
be slightly viewed from the front; X represents a level that
can be viewed from the front; and XX represents a level that
can be clearly viewed from the front. If the levels up to A are
considered to be allowable, it is found that the protrusion
width is preferably not greater than 2 micrometers.

[0076] Moreover, FIG. 7 shows the relationship between
the liquid crystal specific resistance and the long-period
residual image when the island protrusion width is not
greater than 2 micrometers. That is, FIG. 7 graphically
shows the residual image change while the liquid crystal
resistance is changed.

[0077] In this graph, the horizontal axis represents the
specific resistance of the liquid crystal and the vertical axis
represents the long-period residual image level. This graph
is based on an experiment performed as follows. A fixed
pattern was displayed for 24 hours and then returned to a
brightness of an intermediate level between white and black
as an intermediate gradation when a visual observation was
made to see how much the fixed pattern remained visible. If
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the levels up to A are considered to be allowable, the liquid
crystal resistance is preferably not greater than 5x10'*
[cm].

[0078] Next, explanation will be given on a production
method of a liquid crystal display apparatus which facilitates
the contour line of the island in the longitudinal direction to
be on-lined with the contour line of the gate in the longitu-
dinal direction. FIG. 8 shows the production steps for it. The
right half of the figure shows plan view and the left half of
the figure shows cross sectional views about a center line in
the shorter side direction.

[0079] Firstly, in FIG. 8(a), a gate metal is formed. In
FIG. 8(b), a gate insulation film, an amorphous silicon layer,
an n-type amorphous silicon layer, and a source drain metal
layer are formed on the gate metal. Next, in FIG. 8(c), the
gate metal, the gate insulation film, the amorphous silicon
layer, the n-type amorphous silicon layer, and the source
drain metal layer are selectively etched and patterned
according to a pattern of the gate electrode as the scan line
in one photoresist step.

[0080] Next, in FIG. 8(d), the source drain metal layer is
patterned to form the source/drain electrode and with this
pattern, a channel etching is performed. After this, in FIG.
8(e), the amorphous silicon layer is selectively etched for
patterning an island-shaped amorphous silicon layer. Next,
in FIG. 8(f), a passivation insulation film is formed and a
source/drain portion for contact is removed. Lastly, in FIG.
8(g), a signal wiring and pixel electrode formation are
performed.

[0081] Although this production method cannot reduce the
number of production steps, in step FIG. 8(c), the amor-
phous silicon layer and the n-type amorphous silicon layer
are pattered with the gate electrode pattern, which enables to
form the contour line of the island in the longitudinal
direction on-line with the contour line of the gate in the
longitudinal direction. That is, it is possible to make the
semiconductor layer properly in relation to the gate elec-
trode. Moreover, according to the production method, it is
possible to eliminate the problem that a resist exposure from
the back of the gate electrode for forming the semiconductor
layer causes light absorption in the amorphous silicon layer.

[0082] Next, second embodiments of the island configu-
rations are shown in FIG. 9, FIG. 10, and FIG. 11. These
embodiments can further reduce the leak current as com-
pared to the configuration shown in FIG. 4. It should be
noted that the configurations of FIG. 9 to FIG. 11 are only
examples and the present invention is not to be limited to
these configurations.

[0083] FIG. 9 shows a configuration of the semiconductor
layer 7 in which a center portion of the side along the gate
length direction is removed. FIG. 10 shows a configuration
of the semiconductor layer 7 in which a portion of the side
along the gate length direction is removed and a portion
along the gate width direction is enlarged outside the gate
electrode. FIG. 11 shows a configuration of the semicon-
ductor layer 7 in which a portion of the side along the gate
width direction is enlarged outside the gate electrode.

[0084] Explanation will be given below on the reason why
the leak current can be reduced by these configurations of
the semiconductor layer shown in FIG. 9 to FIG. 11.
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[0085] As shown in FIG. 12(a), as the experiment fact, the
leak current when the gate is off is 12=I3<<I1=I4 considering
respective paths. The I1 and 14 are greater because the pixel
electrode 3 and the drain electrode 6 are not shaded and a
carrier is easily generated on this path. On the other hand, I1
and I4 do not contribute to the ON current.

[0086] Accordingly, as shown in FIG. 12(b), when the
semiconductor layer portion on I1 and I4 is removed, the
OFF current can be reduced as compared to FIG. 12(a)
while maintaining the ON current.

[0087] Moreover, as shown in FIG. 12(c), when a portion
of the semiconductor is enlarged outside the gate electrode,
it is possible to increase the ON current by utilizing the
photo carrier generated by the light applied to the enlarged
portion.

[0088] In the aforementioned liquid crystal display appa-
ratus, the channel portion of the thin film transistor (TFT) is
shaded by the gate electrode, thereby suppressing generation
of the photo carrier caused by light incident into the semi-
conductor layer. Accordingly, it is possible to increase the
ON/OFF ratio of the switching characteristic. Thus, an
appropriate voltage is applied to the white display portion
and black display portion, thereby suppressing a long-period
residual image and obtaining a high display quality.

[0089] Conventionally, when a fixed display pattern of a
white and black checker black is applied for 24 hours
(residual image test) and then an intermediate gradation is
set on, a boundary between patterns remains clear with a
clear contrast of the fixed display pattern. However, when
the aforementioned configuration of the present invention is
applied, switching to the intermediate gradation after the
residual image test results in an unclear boundary of the
fixed display pattern and no contrast difference.

[0090] Tt should be noted that the present invention makes
the width of the semiconductor layer in the gate length
direction identical to the gate length in order to reduce the
residual image generated by a leak current. In the aforemen-
tioned embodiments, explanation has been given on the
semiconductor layer formed with a width smaller than the
gate length by 0 to 2 micrometers, considering the position-
ing margin during production. When the semiconductor
layer is recessed than the gate electrode, the gate electrode
and the drain electrode/source electrode are overlaid to
increase the parasitic capacity, causing flicker on the screen
due to the feed-through phenomenon. This flicker should be
reduced. To cope with this, considering the positioning
margin during production, the semiconductor layer recess
from the gate electrode is defined to be 2 micrometers at
maximum.

[0091] As has been described above, in the liquid crystal
display apparatus according to the present invention, the
semiconductor layer is formed with a width in the gate
longitudinal direction identical to the gate length and
accordingly, the back light emitted from the back light and
incident into the liquid crystal display apparatus does not
come directly into the semiconductor layer. This enables to
significantly reduce the leak current of the channel portion
and drastically reduce the residual image.

[0092] Moreover, in the present invention, since the semi-
conductor layer is formed with a width in the gate length
direction identical to the gate length, it is possible to obtain
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a comparatively small gate/source capacitance or gate/drain
capacitance (parasitic capacitance), thereby reducing the
field through voltage. This can prevent deterioration of the
image quality of the liquid crystal display apparatus.

[0093] Moreover, in the liquid crystal display apparatus
production method according to the present invention, the
semiconductor layer and the gate electrode are formed in the
photosresist step using the same mask. This enables to form
the semiconductor layer properly in relation to the gate
electrode. Thus, it is possible to solve the problem involved
in the conventional production method that formation of the
semiconductor layer properly in relation to the gate elec-
trode using a resist exposure from the back of the gate
electrode results in light absorption in the amorphous silicon
layer, disabling the production.

[0094] Description will now be directed to a third embodi-
ments of the present invention with reference to the attached
drawings. Here, using some drawings of first embodiment
and second embodiment for common configuration of this
embodiment.

[0095] [Embodiment 3]

[0096] FIG. 1 is an enlarged plan view of a unit pixel of
an active matrix substrate of a liquid crystal display appa-
ratus of the IPS type according to a first embodiment of the
present invention. In a region defined by a scan line 1 and
a signal line 2 arranged in a matrix shape, a TFT (thin film
transistor) 4 and a pixel electrode 3 connected to the TFT are
formed. The TFT 4 has a gate electrode 5 on which a
semiconductor layer 7 is formed for forming a TFT via an
insulation film (not depicted). Furthermore, on these, a pixel
electrode (source electrode) 3 and a drain electrode 6 are
formed so as to sandwich the semiconductor layer 7. More-
over, the gate electrode 5 is connected to the scan line 1
while the drain electrode 6 is connected to a signal line 2. A
reference symbol 8 denotes a common electrode positioned
on the same layer as the gate layer.

[0097] FIG. 2 is a partial cross sectional view of a liquid
crystal display apparatus including an opposing color filter
about a line A-A' in FIG. 1. It should be noted that like
components are denoted by like reference symbols. The gate
electrode 5 is formed on a part of a glass substrate 14. On
the same layer and in the same production step, the common
electrode 8 is formed in the shape of a comb. The insulation
film 9 is formed to cover the gate electrode d5 and the
common electrode 8 completely.

[0098] On the gate electrode 5, an island is formed by
layers of the a silicon film 10 to serve as a semiconductor
layer of the TFT 4 via the gate insulation film 9, and an
electrode layer 11 made from a silicon film doped by
impurities such as phosphorous to assure ohmic contact with
the source/drain electrode. Considering the positioning mar-
gin at production, the island is formed with a width in the
channel length direction smaller than the gate electrode
width in the channel length direction by 0 to 5 micrometers.

[0099] Furthermore, on a part of this island, the pixel
electrode 3 and the drain electrode 6 are formed. After this,
a part of the electrode layer 11 made from the silicon film
doped by impurities is removed, to form a channel portion
of the TFT 4.

[0100] Moreover, in a pixel portion contributing to dis-
play, the pixel electrode 3 is formed in parallel to the
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common electrode 8§ arranged in a comb shape so as to form
alternating comb teeth. Here, an auxiliary capacitor is
formed between the common electrode 8 and the pixel
electrode 3. The pixel electrode 3 and the common electrode
8 face to each other via the gate insulation film 9. Voltage is
applied in the lateral direction between the opposing pixel
electrode 3 and the common electrode 8 to generate a
parallel component as an electric field which is parallel to
the glass substrate 14 and drive the liquid crystal.

[0101] Furthermore, a passivation film 13 is formed to
cover the entire surface of the TFT 4 and the pixel electrode
3. Extensions of the gate electrode 5 and the drain electrode
6 becomes the scan line 1 and the signal line 2 shown in
FIG. 1, respectively.

[0102] The gate electrode 5, the pixel electrode 3, and the
drawing electrode 6 are formed by sputtering or deposition
of a metal film selected from a group consisting of Al, Cr,
Ta, Ti, Mo, and W, or an alloy film using these metals, or a
layered film of these.

[0103] The gate insulation film 9 and the passivation film
13 are formed by an insulation film such as a silicone nitride
film or a silicon oxide film formed, for example, by plasma
CVD or sputtering. The gate insulation film 9 may also be
formed by oxidizing a portion of surface of the gate elec-
trode 5 and the scan line 1. Moreover, it may be a layered
film of the oxide film and the silicon nitride film or the
silicone oxide film.

[0104] The silicon film 10 to serve as a semiconductor
layer and an electrode layer 11 made from a silicon film
doped by impurities are formed, for example, by an amor-
phous silicon film or a polycrystal silicon film formed by the
CVD method.

[0105] FIG. 3(a) to FIG. 3(e) show production steps for
producing the liquid crystal display apparatus shown in
FIG. 1 and FIG. 2. The right half of FIG. 3 shows plan
views and the left half of FIG. 3 shows cross sectional views
about center line in the direction of the shorter side.

[0106] Firstly, in FIG. 3(a), a gate electrode is formed on
a glass substrate. Next, in FIG. 3(b), a gate insulation film,
an amorphous silicon layer, and an n-type amorphous silicon
layer are layered. Next, in FIG. 3(c), the n-type amorphous
silicon layer and the amorphous silicon layer are selectively
etched at once so as to obtain an island shape. Here, the
island shape is formed so that the edge of the amorphous
silicon layer is matched with the gate electrode. Next, in
FIG. 3(d), a source/drain metal is formed and a channel
etching is performed. Next, in FIG. 3(e), a passivation film
is formed. Next, although not depicted, contact holes are
formed in the passivation film and the gate insulation film.
Next, a transparent conductive film is applied and patterned
to form electrode terminals. Lastly, anneal is performed to
complete an active matrix.

[0107] Next, explanation will be given on a specific
example of the island configuration when the configuration
of the present invention is applied to a liquid crystal display
apparatus having such a pixel configuration.

[0108] FIG. 13 is an enlarged view of the portion defined
by a dotted line B in FIG. 1. It should be noted that like
components are denoted by like reference symbols.
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[0109] Ttis preferable that the contour line of the island in
the channel length direction be on-lined with the contour
line of the gate electrode in the direction vertical to the
channel length direction, but considering a positioning mar-
gin in the exposure process forming an island, it is recessed
from the contour line of the gate electrode in the direction
vertical to the channel direction by 0 to 5 micrometers. The
ratio W/L of the channel length and the channel width is, for
example, 20/82W1/L.220/10.

[0110] FIG. 14 shows the relationship between the pro-
trusion width of one side of the island protruding from the
gate electrode and the light leak current. This figure shows
that as the protrusion of the island from the gate electrode
increases, the light leak current is increased and as the
protrusion width is reduced, the light leak can be suppressed.

[0111] FIG. 15 shows the relationship between the island
protrusion width and the residual image level based on
visual observation. The residual image level is evaluated in
five grades: © represents a level that cannot be observed
from the front at all; o represents a level that cannot be
observed from the from the front but can be slightly viewed
from a perspective viewpoint; A represents a level that can
be slightly viewed from the front; X represents a level that
can be viewed from the front; and XX represents a level that
can be clearly viewed from the front. If the levels up to A are
considered to be allowable, it is found that the protrusion
width is preferably not greater than O micrometers. The
residual image level was evaluated by visual observation
when the intermediate gradation of luminance is set in after
display of a fixed pattern for 24 hours.

[0112] Moreover, FIG. 16 shows the relationship between
the liquid crystal specific resistance and the residual image
when the semiconductor width in the channel length direc-
tion is smaller than the gate electrode width by 0 to 5
micrometers. That is, FIG. 16 graphically shows the residual
image change while the liquid crystal resistance is changed.

[0113] In this graph, the horizontal axis represents the
specific resistance of the liquid crystal and the vertical axis
represents the residual image level. If the levels up to A are
considered to be allowable, the liquid crystal resistance is
preferably not greater than 5x10'? [Qcm].

[0114] Next, explanation will be given on a production
method of a liquid crystal display apparatus which facilitates
the contour line of the island in the direction vertical to the
channel length direction to be on-lined with the contour line
of the gate in the direction vertical to the channel length
direction. FIG. 8 shows the production steps for it. The right
half of the figure shows plan view and the left half of the
figure shows cross sectional views about a center line in the
shorter side direction.

[0115] Firstly, in FIG. 8(a), a gate metal is formed. In
FIG. 8(b), a gate insulation film, an amorphous silicon layer,
an n-type amorphous silicon layer, and a source drain metal
layer are formed on the gate metal. Next, in FIG. 8(c), the
gate metal, the gate insulation film, the amorphous silicon
layer, the n-type amorphous silicon layer, and the source
drain metal layer are selectively etched and patterned
according to a pattern of the gate electrode as the scan line
in one photoresist step.

[0116] Next, in FIG. 8(d), the source drain metal layer is
patterned to form the source/drain electrode and with this
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pattern, a channel etching is performed. After this, in FIG.
8(e), the amorphous silicon layer is selectively etched for
patterning an island-shaped amorphous silicon layer. Next,
in FIG. 8(f), a passivation insulation film is formed and a
source/drain portion for contact is removed. Lastly, in FIG.
8(g), a signal wiring and pixel electrode formation are
performed.

[0117] Although this production method cannot reduce the
number of production steps, in step FIG. 8(c), the amor-
phous silicon layer and the n-type amorphous silicon layer
are pattered with the gate electrode pattern, which enables to
form the contour line of the island in the direction vertical
to the channel length direction on-lined with the contour line
of the gate in the direction vertical to the channel length
direction. That is, it is possible to make the semiconductor
layer properly in relation to the gate electrode. Moreover,
according to the production method, it is possible to elimi-
nate the problem the aforementioned back side exposure
method.

[0118] Next, other embodiments of the island configura-
tions are shown in FIG. 17, FIG. 18, and FIG. 19. These
embodiments can further reduce the leak current as com-
pared to the configuration shown in FIG. 13. It should be
noted that the configurations of FIG. 17 to FIG. 19 are only
examples and the present invention is not to be limited to
these configurations.

[0119] FIG. 17 shows a configuration of the semiconduc-
tor layer 7 in which a center portion of the side along the
channel length direction is removed. FIG. 18 shows a
configuration of the semiconductor layer 7 in which a
portion of the semiconductor layer 7 along the side in the
channel length direction is removed and a portion along the
side in a direction vertical to the channel length direction is
enlarged outside the gate electrode. FIG. 19 shows a con-
figuration of the semiconductor layer 7 in which a portion of
the side along a direction vertical to the channel length
direction is enlarged outside the gate electrode.

[0120] Explanation will be given below on the reason why
the leak current can be reduced by these configurations of
the semiconductor layer shown in FIG. 17 to FIG. 19.

[0121] As shown in FIG. 12(a), the leak current when the
gate is off is 12=I3<<I1=I4 considering respective paths. The
I1 and 14 are greater because the pixel electrode 3 and the
drain electrode 6 are not shaded and more photo carriers are
generated on this path. On the other hand, I1 and 14 do not
contribute to the ON current.

[0122] Accordingly, as shown in FIG. 12(b), when the
semiconductor layer portion on I1 and I4 is removed, the
OFF current can be reduced, because the paths I1 and 14 are
removed, as compared to FIG. 12(a) while maintaining the
ON current.

[0123] Moreover, as shown in FIG. 12(c), when a portion
of the semiconductor is enlarged outside the gate electrode,
it is possible to increase the ON current by utilizing the
photo carrier generated by the light applied to the enlarged
portion.

[0124] 1In the aforementioned liquid crystal display appa-
ratus, the channel portion of the thin film transistor (TFT) is
shaded by the gate electrode, thereby suppressing generation
of the photo carrier caused by light incident into the semi-

Nov. 15, 2001

conductor layer. Accordingly, it is possible to increase the
ON/OFF ratio of the switching characteristic. Thus, an
appropriate voltage is applied to the white display portion
and black display portion, thereby suppressing a residual
image and obtaining a high display quality.

[0125] Conventionally, when a fixed display pattern of a
white and black checker black is applied for 24 hours
(residual image test) and then an intermediate gradation is
set on, a boundary between patterns remains clear with a
clear contrast of the fixed display pattern. However, when
the aforementioned configuration of the present invention is
applied, switching to the intermediate gradation after the
residual image test results in an unclear boundary of the
fixed display pattern and no contrast difference.

[0126] It should be noted that the present invention makes
the width of the semiconductor layer in the channel length
direction identical to the gate electrode width in the channel
length direction in order to reduce the, residual image
generated by a leak current. In the aforementioned embodi-
ments, explanation has been given on the semiconductor
layer formed with a width in the channel length direction
smaller than the gate electrode width in the channel length
direction by 0 to 5 micrometers, considering the positioning
margin during production. When the semiconductor layer is
recessed than the gate electrode, the gate electrode and the
drain electrode/source electrode are overlaid to increase the
parasitic capacity, causing flicker on the screen due to the
feed-through phenomenon. This flicker should be reduced.
To cope with this, considering the positioning margin during
production as well as production irregularities, the semicon-
ductor layer recess from the gate electrode is defined to be
5 micrometers at maximum,

[0127] [Embodiment 4]

[0128] Description will now be directed to a liquid crystal
display apparatus according to a forth embodiment of the
present invention.

[0129] FIG. 13-20 is an enlarged plan view of a unit pixel
of an active matrix substrate of a liquid crystal display
apparatus according to the forth embodiment. In a region
defined by a scan line 1 and a signal line 2 arranged in a
matrix shape, a TFT (thin film transistor) 4 and a pixel
electrode connected to the TFT 4 are formed. The TFT 4 has
a gate electrode 5 on which a semiconductor is formed for
forming the TFT via an insulation film (not depicted).
Furthermore, thereon, the semiconductor layer 7 is sand-
wiched by the pixel electrode (source electrode) 3 and a
drain electrode 6 formed in the opposing positions. The gate
electrode 5 constitutes a part of the scan line and the drain
electrode is connected to the signal line 2.

[0130] FIG. 14-21 is a partial cross sectional view of a
liquid crystal display apparatus including an opposing color
filter about the line A-A' of FIG. 13-20. It should be noted
that like components are denoted by like reference symbols.
A gate electrode § is formed on a part of a glass substrate 14.
A gate insulation film 9 is formed to cover the gate electrode
5 entirely.

[0131] On the gate electrode 5, a gate insulation film 9, a
silicon film 10 to serve as a semiconductor layer of a TFT
4, and a silicon film doped with impurities such as phos-
phorous for ohmic contact with a source/drain electrode are
formed, thereby forming an island. This island has a side
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whose portion along a direction vertical to a channel length
direction protrudes outside the gate.

[0132] Furthermore, on a part of this island, a drain
electrode 6 and a source electrode 16 are formed. After this,
a part of the electrode 11 formed from the silicon film doped
with impurities is removed, thereby forming a channel
portion of the TFT 4. In order to cover the entire region, a
passivation film 13 is formed.

[0133] After this, a contact hole is formed in the passiva-
tion film 13. A pixel electrode 3 is formed on a part of the
passivation film 13, and the source electrode 16 and the pixel
electrode 3 are electrically connected via the contact hole.
Moreover, a common electrode 8 is arranged on the oppos-
ing substrate.

[0134] Each of the substrates is coated with an orientation
film 15 and subjected to lapping for orientating the liquid
crystal. The lapping is performed in a direction in such a
manner that the opposing substrates are orthogonal to each
other.

[0135] The pixel electrode 3 and the common electrode 8
are formed so as to sandwich liquid crystal. When a voltage
is applied between the pixel electrode 3 and the common
electrode 8, as an electric field is generated with a compo-
nent vertical to the glass substrate 14 so as to drive the liquid
crystal.

[0136] Next, FIG. 22 shows an example of an island
configuration according 1o the second embodiment. FIG. 22
is an enlarged view of the portion defined by a dotted line B
in FIG. 20. It should be noted that like components are
denoted by like reference symbols.

[0137] The semiconductor layer 7 has a side along the
channel length direction which is partially removed and a
side along a direction vertical to the channel length direction
which protrudes outside the gate electrode 5. With this
configuration, it has been proven that the leak current is
reduced and the display irregularity level is improved.

[0138] Next, FIG. 23 shows another example of the island
configuration according to the second embodiment. The

What is claimed is:

1. A liquid crystal display apparatus of a lateral direction
electric field drive type comprising an array substrate includ-
ing a plurality of TFTs each having a gate electrode, a gate
insulation film, a semiconductor layer, and a source elec-
trode/drain electrode formed on a transparent substrate and
an opposing substrate arrange so as to oppose to the array
substrate,

wherein the semiconductor layer has a width in the gate

length direction identical to the gate length.

2. A liquid crystal display apparatus of a lateral direction
electric field drive type comprising an array substrate includ-
ing a plurality of TFTs each having a gate electrode, a gate
insulation film, a semiconductor layer, and a source elec-
trode/drain electrode formed on a transparent substrate and
an opposing substrate arrange so as to oppose to the array
substrate,
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wherein the semiconductor layer has a width in the gate
length direction smaller than the gate length by 0 to 2
micrometers, considering a positioning margin during
production.

3. A liquid crystal display apparatus as claimed in claim
1, wherein the liquid crystal has a specific resistance not
greater than 5x10'7Q.

4. A liquid crystal display apparatus as claimed in claim
2, wherein the liquid crystal has a specific resistance not
greater than 5x10™Q.

5. A liquid crystal display apparatus as claimed in claim
1, wherein the semiconductor layer has a portion of the side
along the gate length direction removed.

6. A liquid crystal display apparatus as claimed in claim
2, wherein the semiconductor layer has a portion of the side
along the gate length direction removed.

7. A liquid crystal display apparatus as claimed in claim
1, wherein the semiconductor layer has a portion of the side
along the gate width direction protruding outside the gate
electrode.

8. A liquid crystal display apparatus as claimed in claim
2, wherein the semiconductor layer has a portion of the side
along the gate width direction protruding outside the gate
electrode.

9. A liquid crystal display apparatus as claimed in claim
1, wherein the semiconductor layer has a portion of the side
along the gate length direction removed and a portion of the
side along the gate width direction protruding outside the
gate electrode.

10. Aliquid crystal display apparatus as claimed in claim
2, wherein the semiconductor layer has a portion of the side
along the gate length direction removed and a portion of the
side along the gate width direction protruding outside the
gate electrode.

11. A liquid crystal display apparatus production method
comprising a photoresist step using a single mask for
forming a semiconductor layer and a gate electrode.

12. A liquid crystal display apparatus production method
for producing the liquid crystal display apparatus claimed in
claim 1, wherein the semiconductor layer and the gate
electrode are formed using a single mask in a photoresist
step.

13. Aliquid crystal display apparatus production method
for producing the liquid crystal display apparatus claimed in
claim 2, wherein the semiconductor layer and the gate
electrode are formed using a single mask in a photoresist
step.

14. A liquid crystal display apparatus of the lateral direc-
tion electric field drive type comprising an array substrate
including a plurality of TFTs each having a gate electrode,
a gate insulation film, a semiconductor layer, and a source
electrode/drain electrode formed on a transparent substrate
and an opposing substrate arrange so as to oppose to the
array substrate,

wherein the semiconductor layer has a width in the gate
length direction identical to the gate electrode width in
the channel length direction.
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