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(57) ABSTRACT

A liquid crystal display device including: a pair of substrates
with a liquid crystal layer therebetween, one of the substrates
carrying scanning lines and signal lines with a first insulation
film therebetween adjacent to the liquid crystal layer, switch-
ing devices at vicinities of intersections of the scanning lines
and the signal lines, an intermediate film overlying an entire
surface of a displaying area, first electrodes connected to
electrodes of the switching devices via contact hole portions
positioned in each region defined by the scanning lines and
the signal lines, second electrodes and a second insulation
film between the first electrodes and the second electrodes,
the electrodes of the switching devices are covered with the
intermediate film; channel regions of the switching devices
are covered with the second insulation film; and the second
electrodes are connected to a common line on an external
periphery of the displaying area.
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LIQUID CRYSTAL DISPLAY DEVICE AND
PROCESS FOR MANUFACTURING THE

SAME
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a liquid crystal dis-

play device and a process for manufacturing the same. More
particularly, the present invention relates to a liquid crystal
display device employing transverse electric field type, in
which a layered structure deposited on the substrate thereof is
simplified and a channel region is securely insulated and
moisture resistant, and also to a process for manufacturing the
same.

[0003] 2. Related Art

[0004] A widely used type of liquid crystal display devices
is a vertical electric field type. Typically the liquid crystal
display device of the vertically electric field type is config-
ured to have a pair of transparent substrates on each of which
an electrode unit and the like are formed and a liquid crystal
layer sandwiched between the pair of transparent substrates.
In operation, voltages are applied to electrodes on both sub-
strates so as to reorient molecules of the liquid crystal for
displaying various types of information. Such liquid crystal
display device employing the vertical electric field type gen-
erally uses twisted nematic (TN) type, however such device
undesirably exhibits a narrow viewing angle. Accordingly,
the liquid crystal display device implementing other
improved vertical electric field type has been developed. The
improved vertical electric field type is typified by a vertical
alignment (VA) type and a multidomain vertical alignment
(MVA) type.

[0005] On the other hand, there have been also known
liquid crystal display devices which employ an in-plane
switching (IPS) type or a fringe field switching (FFS) type
with a pair of electrodes formed on only one substrate, one
electrode unit serving as pixel electrodes and the other elec-
trode unit serving as a common electrode, unlike above men-
tioned liquid crystal display device of the vertical electric
field type.

[0006] IntheIPS-typeliquidcrystaldisplay device, the pair
of electrode units are formed on a common layer and an
electric field is applied to a liquid crystal substantially in
parallel with a substrate so as to reorient molecules of the
liquid crystal substantially in parallel with the substrate.
Therefore, the IPS-type liquid crystal display device is also
called “liquid crystal display device of transverse electric
field type” and advantageously exhibits a much wider view-
ing angle comparing to the foregoing liquid crystal display
device of the vertical electric field type. However, in the
IPS-type liquid crystal display device, the pair of electrode
units for applying the electric field to the liquid crystal are
formed on the common layer. Such structure hampers activa-
tion of liquid crystal molecules distributed in a region above
and away from the pixel electrodes, so that transmittance and
the like are disadvantageously decreased.

[0007] To obviate such disadvantage of IPS-type liquid
crystal display device, there has been developed a so-called
diagonal electric field type, or a FES type (see JP-A-2001-
235763 and JP-A-2002-182230). This FFS-type liquid crys-
tal display device has a pixel electrode unit and a common
electrode unit for applying an electric field to a liquid crystal
layer thereof, each electrode unit being formed on different
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layers with an insulating layer (hereinafter referred to as
“electrodes-insulation film”) sandwiched therebetween.

[0008] The FFS-type liquid crystal display device exhibits
a wider viewing angle and higher contrasts than that of the
IPS-type liquid crystal display device. Further, the FFS-type
liquid crystal display device can exhibit a brighter display due
to its higher transmittance while being capable of an opera-
tion at a low voltage. Also, in the FFS-type liquid crystal
display device, an area in which the pixel electrode unit and
the common electrode unit overlap is wider than that of the
IPS-type liquid crystal display device, when viewed in plan.
Such structure subsidiary generates higher supplemental
capacity, whereby a line for supplying supplemental capacity
does not need to be prepared separately, so that the FFS-type
liquid crystal display device can exhibit higher aperture ratio.

[0009] However, the FFS-type liquid crystal display device
disclosed in JP-A-2001-235763 and JP-A-2002-182230
causes electric potential difference between signal lines and
the pixel electrode unit, that results in an irregular alignment
of the liquid crystal molecules in vicinities of the signal lines.
Therefore regions of the liquid crystal located in the vicinities
of the signal lines are not substantially used for display, so that
the aperture ratio disadvantageously decreases. Moreover, a
capacitive coupling occurs between the signal line and the
pixel electrode unit, leading to, for example, a crosstalk
which impairs displaying quality. Further more, layers over-
lying the substrate are plural in number, so unevenness, or
bumps are generated on the pixel electrode unit and a surface
of the substrate, and that causes inequalities of a cell gap
formed thereon. In order to address these problems, it has
been proposed to employ a film as an intermediate layer used
in the VA-type or MVA type liquid crystal display device and
to arrange the pixel electrode unit and the common electrode
unit on this film, to thereby decrease adverse effects of the
electric potential of the signal line while minimizing the size
of the bumps on the substrate surface (see JP-A-2001-83540
and JP-A-2007-226175).

[0010] In the liquid crystal display device disclosed in
JP-A-2001-83540 and JP-A-2007-226175, the intermediate
film is formed to obtain the high aperture ratio. The interme-
diate film is formed in the same manner as that of the liquid
crystal display device of the transverse electric field type
disclosed in JP-A-2001-235763 and JP-A-2002-182230.
More particularly, the intermediate film is deposited on a
surface of a passivation film deposited to overlie an entire
displaying area including channel regions of switching
devices, the passivation film being made from resin such as
acrylic resin.

[0011] Although the aperture ratio is improved in the liquid
crystal display device disclosed in JP-A-2001-83540 and
JP-A-2007-226175, manufacturing this type of liquid crystal
display device requires depositing many film structures on
one of the transparent substrate thereof, so that many manu-
facturing process steps are unavoidably needed, resulting in
high costs.

[0012] Incidentally, the switching device used in such lig-
uid crystal display device has a characteristic variability
under exposure to outside moisture, oxygen and so forth. In
view of the foregoing, the liquid crystal display device of the
transverse electric field type disclosed in JP-A-2001-235763
and JP-A-2002-182230 employs a intermediate film formed
from photosensitive resin or the like and deposited overlying
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a passivation film which is formed to secure insulation and
moisture resistant properties of channel regions of switching
devices.

[0013] Both passivation film and intermediate film are
deposited also in the liquid crystal display device of the
transverse electric field type disclosed in JP-A-2001-83540
and JP-A-2007-226175, as is the case with the liquid crystal
display device of JP-A-2001-235763 and JP-A-2002-
182230. However, the channel region and the like of the
switching device are covered not only by an insulation film of
two layers, i.e. the passivation film and the intermediate film,
but also by an electrodes-insulation film formed between
pixel electrode unit and common electrode unit in the liquid
crystal display device of the transverse electric field type
disclosed in JP-A-2001-83540 and JP-A-2007-226175. That
is, the cannel regions of the switching devices of the liquid
crystal display device of the transverse electric field type are
covered with three-layered insulation film formed of the pas-
sivation film, the intermediate film, and the electrodes-insu-
lation film.

[0014] Therefore, the number of the manufacturing process
steps 1s undesirably increased from that of the typical liquid
crystal display device of the transverse electric field type, in
the liquid crystal display device of the transverse electric field
type disclosed in JP-A-2001-83540 and JP-A-2007-226175.
[0015] Inventorsofthe application have kept persistent dili-
gence in investigation of the structure of the liquid crystal
display device of the transverse electric field type, discovered
that purpose for forming the passivation film, or securing
insulation and water resistant properties, is attained by the
electrodes-insulation film because the electrodes-insulation
film and the passivation film are formed of the same material
such as silicon nitride, and accomplished the present inven-
tion.

SUMMARY

[0016] An advantage of some aspects of the invention is
that a liquid crystal display device of transverse electric field
type of whicha structure of a film deposited on a substrate can
be simplified, insulation property and moisture resistance of a
channel region can be secured and a manufacturing cost is
low, and a process for manufacturing the same is provided.

[0017] To achieve the advantage, the liquid crystal display
device of the present invention has a pair of transparent sub-
strates which clamp a liquid crystal layer therebetween, one
of the transparent substrates carrying a plurality of scanning
lines and signal lines arranged in matrix with a first insulation
film therebetween on a surface adjacent to the liquid crystal
layer thereof, switching devices made of a thin film transistor,
the switching devices being positioned at vicinities of inter-
sections of the scanning lines and the signal lines, an inter-
mediate film overlying a entire surface of a displaying area,
first electrodes made of a transparent conductive material and
connected to electrodes of the switching devices via contact
hole portions formed through the intermediate film each con-
tact hole portion positioned in each of regions defined by the
scanning lines and the signal lines, second electrodes made of
a transparent conductive material, and a second insulation
film sandwiched between the first electrodes and the second
electrodes, wherein the electrodes of the switching devices
are directly covered with the intermediate film; wherein chan-
nel regions of the switching devices are directly covered with
the second insulation film at opening portions formed in the
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intermediate film; and wherein the second electrodes are, as a
unit, connected to a common line wired on an external periph-
ery of the displaying area.

[0018] The liquid crystal display device of the invention
has, on its displaying area, the plurality of scanning lines and
the plurality of signal lines arranged in matrix with the first
insulation film therebetween, the first electrodes and the sec-
ond electrodes with the plurality of slits, both facing each
other with the second insulation film therebetween and being
made of the transparent conductive material, each pair of the
first and second electrodes being formed in each region
defined by scanning lines and the signal lines on the interme-
diate film. With this arrangement, the liquid crystal display
device of the present invention can be operated as a FFS-type
liquid crystal display device. Additionally, indium tin oxide
(ITO) or indium zinc oxide (IZO) may be employed as the
transparent conductive material.

[0019] Moreover, formed on the intermediate film are the
first electrodes and the second electrodes with the plurality of
slits, both facing each other with the second insulation film
therebetween and being made of the transparent conductive
material. Therefore, capacitance between a source line (sig-
nal line) and a pixel electrode can be lowered, so that the pixel
electrode can extend above the source line, whereby the liquid
crystal display device can exhibit high aperture ratio. Note
that the first electrodes are connected to the switching devices
so as to be the pixel electrodes, and the second electrodes are,
as a unit, electrically connected to the common line so as to be
the common electrode in the liquid crystal display device of
the invention.

[0020] Furthermore, surfaces of the switching devices are
directly covered with the intermediate film in the liquid crys-
tal display device of the invention, while a typically used
passivation film is not formed. Also, each of the channel
regions of the switching devices is covered with the second
insulation film via the opening portion formed in the inter-
mediate film. With this arrangement, a purpose for forming
the passivation film, or securing insulation and water resistant
properties, is attained by the second insulation film, whereby
undesired changes in properties can be prevented or at least
suppressed without forming the passivation film. Therefore,
the liquid crystal display device of the invention can be sim-
plified and manufactured at low cost since the passivation film
is not formed.

[0021] Additionally, the second insulation film may be
preferably made of an inorganic transparent insulation mate-
rial.

[0022] When employing inorganic transparent insulation
materials, especially silicon nitride (SiN,) or silicon oxide
(810,) as the material of the second insulation film, adhesive
performance between a semiconductor layer which forms the
channel region of the switching device of the TFT and the
second insulation film is improved, because the semiconduc-
tor layer is made of silicon based material such as amorphous
silicon (a-Si) or low temperature poly silicon (LTPS). There-
fore, undesired changes in properties of the channel region
are suppressed, and thus the properties of the channel region
is stabilized. Additionally, the amorphous silicon and the
LTPS are generally used as the semiconductor layer, also, the
silicon nitride and silicon oxide are generally used as the
insulation film. The second insulation film of the silicon
nitride may be preferably used in view of the insulation prop-
erty and water resistance.
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[0023] Also, it may be preferable that the thickness of the
second insulation film of the liquid crystal display device of
the invention is in a range of 2000 angstrom to 6000 ang-
strom.

[0024] It is difficult to secure a necessary insulation prop-
erty and water resistance if the second insulation film having
a thickness of less than 2000 angstrom is used, so the second
insulation film of the thickness of less than 2000 angstrom is
not preferable. Also, capacitance between the first electrodes
and the second electrodes is lowered if the second insulation
film having a thickness exceeding 6000 angstrom is used, so
that flickering happens more often and a necessary voltage for
activating the liquid crystal is increased, so the second insu-
lation film of the thickness exceeding 6000 angstrom is not
preferable.

[0025] A process for manufacturing a liquid crystal display
device, including the steps of? a first step in which a transpar-
ent substrate is prepared as a first transparent substrate, the
trans parent substrate having a plurality of scanning lines and
signal lines arranged in matrix with a first insulation film
therebetween and in a displaying area, switching devices
made of a thin film transistor, the switching devices being
positioned at vicinities of intersections of the scanning lines
and the signal lines, and a common line formed along a
periphery of the displaying area; a second step in which an
intermediate film is formed by forming a film made of a
photosensitive resin material overlying an entire surface of
the transparent substrate that has undergone the first step, and
then conducting exposing, developing and baking so that the
intermediate film overlying an entire displaying area is
formed, the intermediate film having contact hole portions
and opening portions so that electrodes and channel regions
of the switching devices are exposed; a third step in which
first electrodes made of a transparent conductive material are
formed in regions defined by the plurality of scanning lines
and the plurality of signal lines, each first electrode being
positioned in each region, and each of the first electrodes and
each of the switching devices are electrically connected via
the contact hole portions; a fourth step in which a second
insulation film is deposited on an entire surface of the inter-
mediate film including positions corresponding to the first
electrodes and the channel regions; a fifth step in which
second electrodes made of a transparent conductive material
are formed at positions corresponding to the regions defined
by the plurality of scanning lines and the plurality of the
scanning lines and the plurality of the signal lines, each of the
second electrodes having a plurality of slits; and a sixth step
in which an alignment layer is deposited on the surface of the
first transparent substrate that has undergone the fifth step, a
second transparent substrate is positioned with facing the first
transparent substrate, and bonded to the first transparent sub-
strate with being separated at a predetermined distance, and a
liquid crystal is received between the first transparent sub-
strate and the second transparent substrate.

[0026] According to the process for manufacturing the lig-
uid crystal display device of the present invention, the elec-
trodes of the switching devices are directly covered with the
intermediate film, and the channel regions of the switching
devices are directly covered with the second insulation film.
Therefore, process steps able to be eliminated are a process
step for depositing the passivation film and a process step for
etching the passivation film on the electrodes of the switching
devices for electrically connecting the electrodes of the
switching devices and the first electrodes. Therefore, accord-
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ing to the process for manufacturing the liquid crystal display
device of the invention, manufacturing process steps are con-
siderably reduced. Moreover, the channel regions of the
switching devices are directly covered with the second insu-
lation film of the same material as the typical passivation film,
thereby safely exhibiting the insulation property and the
water resistance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Theinventionwill be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0028] FIG. 1 is a plan view of a liquid crystal display
device of FFS type according to an embodiment of the present
invention.

[0029] FIG. 2 shows perspectively a color filter substrate
for three pixels of the liquid crystal display device in FIG. 1 in
a greater scale.

[0030] FIG. 3 is a sectional view taken along line ITI-I1I of
FIG. 2.
[0031] FIG. 4A is a sectional view of the essential parts for

illustrating manufacturing process steps of an array substrate.
[0032] FIG. 4B is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0033] FIG. 4C is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0034] FIG. 4D is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0035] FIG. 4E is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0036] FIG. 5A is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0037] FIG. 5B is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0038] FIG. 5C is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.
[0039] FIG. 5D is a sectional view of the essential parts for
illustrating manufacturing process steps of the array sub-
strate.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] With reference to the drawings, the best mode for
carrying out the invention now will be described. Note that the
following embodiment is exemplary illustrating the liquid
crystal display device of the FFS type and manufacturing
process for the same as an example of the liquid crystal
display device and the manufacturing process for the same,
and therefore, it is not aimed at indicating exclusively the
liquid crystal display device of the FFS type, whereby other
embodiments are also applicable in the scope of the claims.
[0041] FIG. 1 is a plan view of a liquid crystal display
device of FFS type according to an embodiment of the present
invention. FIG. 2 shows perspectively a color filter substrate
for three pixels of the liquid crystal display device in FIG. 1 in
a greater scale. FIG. 3 is a sectional view taken along line
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TI-1TT of FIG. 2. FIGS. 4A 10 4F and SA to 5E are sectional
views of the essential parts for illustrating manufacturing
processes of an array substrate.

[0042] Note that the word “surface” of an array substrate or
a color filter substrate indicates the side on which various
lines are formed or the side facing a liquid crystal. Also, each
of layers and components is illustrated in different reduction
scale from each other so that the layers and the components
are visible in the size in each drawing, and not in proportional
to the exact size in the figures used for the illustration of the
specification.

First Embodiment

[0043] A liquid crystal display device 1 according to the
embodiment is a so-called chip on glass (COG) type liquid
crystal display device which includes an array substrate AR
(first transparent substrate), a color filter substrate CF, a seal-
ing member 2 laminating the array substrate AR and the color
filter substrate CF, and liquid crystal 30 (see FIG. 3) enclosed
in a region defined by the array substrate AR, the color filter
substrate CF and the sealing member 2. In this liquid crystal
display device 1, a region surrounded by the sealing member
2 forms a displaying area DA and the outside of the displaying
area DA serves as a frame area. The sealing member 2 has an
inlet 2a forinjection of the liquid crystal 30. Referring to FIG.
1, the region corresponding to the displaying area DA has a
grid-like hatch pattern.

[0044] The array substrate AR is configured with a trans-
parent substrate 11 having various lines thereon. The array
substrate AR is longer than the color filter substrate CF in its
longitudinal direction, and thus, an extending portion 11a
which extends outwardly is formed with a state in which both
substrates AR and CF is laminated. The extending portion
11a carries an IC chip for outputting a driving signal or a
driver Dr configured with LSI or the like. In the frame region
of the array substrate AR, various routing lines (not shown in
figures) are formed for sending various signals from the driver
Dr to later described scanning lines 12 and signal lines 16 (see
FIG. 2), and furthermore, common lines Com connected to
later described common electrode (a group of upper elec-
trodes) 21 are formed.

[0045] Next, structures of the substrates will now be
described with referring to FIGS. 2 and 3. The plurality of
scanning lines 12 each being parallel to each other are formed
on the transparent substrate 11 as shown in FIGS. 2 and 3.
Each scanning line 12 is formed of a two-layered line of a
molybdenum (Mo) layer and an aluminum (Al) layer. Also,
the entire surface of the transparent substrate 11 carrying the
scanning lines 12 formed thereon is covered with the gate
insulation film (a first insulation film) 13. The gate insulation
film 13 is formed with inorganic transparent insulation mate-
rial such as silicon nitride, silicon oxide or the like. On the
surface of the gate insulation film 13, a semiconductor layer
15 of an amorphous silicon (a-Si) layer is formed at a region
in which a switching device (e.g. thin-film transistor, or TFT)
is formed. A region in which the semiconductor layer 15 is
formed on the scanning line 12 forms a gate electrode G of
TFT. [0044]The signal line 16 and a drain electrode D are
formed on the surface of the gate insulation film 13. The
signal line 16 includes a source electrode S formed of a
conductive layer having a tree-layer structure in which, for
example, aluminum (Al) layer is sandwiched between molyb-
denum (Mo) layers. Both source electrode S and drain elec-
trode D ofthe signal line 16 partially overlap the surface of the
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semiconductor layer 15. The entire surface of the array sub-
strate AR is covered with an intermediate film 14 made of a
photosensitive material, and also, a contact hole portion CH
and an opening portion OP are formed at positions corre-
sponding to the drain electrode D and the channel region CR,
respectively.

[0046] A lower electrode (first electrode) 17 is formed on
the intermediate film 14 in each of the regions defined by the
scanning lines 12 and the signal lines 16. The lower electrode
17 is formed of transparent conductive material such as
indium tin oxide (ITO) or indium zinc oxide (1Z0). The lower
electrode 17 is electrically connected to the drain electrode D
via the contact hole portion CH. Therefore, the lower elec-
trode 17 functions as a pixel electrode. An electrodes-insula-
tion film (second insulation film) 18 is formed overlying the
lower electrode 17. Inorganic transparent insulation material
exhibiting high insulation property such as the silicon nitride
is employed as a material of the electrodes-insulation film 18.
An upper electrode 21 having a plurality of slits 20 is formed
on the electrodes-insulation film 18 in the region defined by
the scanning lines 12 and the signal lines 16. The upper
electrode 21 is formed of transparent conductive material
such as indium tin oxide (ITO) or indium zinc oxide (IZ0).
Additionally, the upper electrode 21 is formed in every pixel
region, each adjacent upper electrode 21 being linked to each
other via a connecting portion 21B. The upper electrodes 21,
as a unit, are electrically connected to the common lines Com
of which one ends extend, for example, to positions X in the
frame area as shown in F1G. 1. The other ends of the common
lines Com are connected to the driver Dr. An alignment layer
(not shown) is formed on the entire surface of the substrate.

[0047] Each of the upper electrodes 21 is located in each of
the regions defined by scanning lines 12 and signal lines 16,
having the slits 20 formed therein to have, for example, a
combed shape when seen from plan view. One ends of the slits
20 which are located adjacent to the signal line 16 are open
ends 20¢ having greater width than the other ends, or close
ends 205. With this structure, aperture ratio of a region of the
open end 204 is improved allowing brighter display.

[0048] Also, the color filter substrate CF has the a transpar-
ent substrate 25, shielding members 26 which is laminated on
the surface of the transparent substrate 25 and overlies posi-
tions corresponding to the scanning lines 12, the signal lines
16 and the TFTs. A color filter layer 27 of a plurality of colors,
for example, three colors of red (R), green (G) and blue (B) is
formed in a region surrounded by the shielding member 26 on
the surface of a transparent substrate 25. A protective film 28
formed of transparent resin or the like is laminated on the
surface of the shielding member 26 and the color filter layer
27. A certain alignment layer (not shown) is laminated over
the entire surface of the substrate. Additionally, polarizing
plate 31 is provided on both exterior surfaces of such structure
formed with the array substrate AR and the color filter sub-
strate CF.

[0049] Now, referring to FIGS. 4A to 4E and 5A to 5D,
manufacturing process for the array substrate AR is
described. Firstly, the pluralities of scanning lines 12 are
patterned by known method such as a photolithography (see
FIG. 4A). Secondly, the gate insulation film 13 is deposited
on thetransparent substrate 11 including the scanning line 12,
by known method such as a plasma chemical-vapor deposi-
tion (CVD) or a sputtering (see FIG. 4B). Following this, the
semiconductor layer 15 is patterned by known method such as
the photolithography (see FIG. 4C). After that, the pluralities
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of signal lines 16 intersecting the scanning lines 12 are pat-
terned and the source electrode S and the drain electrode D are
formed by known method such as the photolithography (see
FIG. 4D) One ends of both source electrode S and drain
electrode D overlap the semiconductor layer 15. The preced-
ing process steps are, as a whole, corresponding to a first step
of the manufacturing process for the liquid crystal display
device of the present invention.

[0050] In this first step, a portion of the scanning line 12
overlapping the semiconductor layer 15 when seen from plan
view forms the gate electrode G, so that the TFT of an inverse
stagger type is formed as the switching device. Additionally,
the TFT is formed by so-called channel-etching method with
which the source electrode S and the drain electrode D are
directly superposed on the semiconductor layer 15 to form the
TFT. The channel region CR is the region formed between the
end of the source electrode S, which is superposed on the
semiconductor layer 15; and the end of the drain electrode D,
which is superposed on the semiconductor layer 15.

[0051] Inthe typical liquid crystal display devices, the pas-
sivation film is deposited by the known method such as the
plasma CVD method and the sputtering method, being made
of silicon nitride or silicon oxide, so as to overlie the entire
surface of the transparent substrate 11 on which the TFT is
formed. In contrast with this, the intermediate film 14 is
directly formed on the surface of the transparent substrate 11
on which the TFT is formed, without depositing the passiva-
tion film in the present invention. More particularly, a film of
photosensitive material such as photoresist coating is lami-
nated on the surface of the transparent substrate 11 with the
TFT formed thereon (see FIG. 4E), and after prebaking, the
film is exposed by typical aligner and developed so that the
intermediate film 14 is formed in the displaying area. After
that, a photoreaction process and a baking process are con-
ducted. Therefore, the intermediate film 14 1s formed so as to
directly overlie the surface of the channel region CR of the
TFT, the source electrode S and the drain electrode D.
[0052] The photoreaction process is conducted for improv-
ing transparency of a photosensitive resin film, under which
photosensitive functional groups are irradiated with UV light
so as to cause photoreaction. The baking process is the pro-
cess under which the photosensitive resin patterned is fired by
heating so that the resin is formed on the substrate as a both
chemically and physically stable insulation film by causing
chemical reactions (mainly, crosslinking reaction) within the
resin. It is preferable that the thickness of the formed inter-
mediate film 14 is in the range of 1.5 pm to 3.0 um. If the
intermediate film 14 has a thickness of less than 1.5 pm,
unevenness is caused at the position in which the TFT or the
like exists, leading to bumps of the lower electrode 17 and the
upper electrode 21 formed in the following steps, so that a cell
gap becomes disadvantageously uneven. If the intermediate
film 14 has a thickness of more than 3.0 um, a higher optical
absorption rate is caused, disadvantageously causing the dis-
playing area DA to be darker.

[0053] Formed through the intermediate film 14 at the posi-
tion corresponding to the drain electrode D and the channel
region are the contact hole portion CH and the opening por-
tion OP, respectively (see FIG. 5A), during the formation of
the intermediate film 14. The contact hole portion CH and the
opening portion OP are directly formed when the intermedi-
ate film 14 being exposed and developed without forming the
passivation film. In the typical process, the drain electrode D
could not be exposed to the exterior without being subjected
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to the etching step for removing the laminated passivation
film of the position at the contact hole portion CH. However,
in the present invention, the drain electrode D can be exposed
to the exterior without the etching step. Also, the channel
region CR is exposed to the exterior through the opening
portion OP. These process steps, as a whole, correspond to a
second step of the manufacturing process for the liquid crystal
display device of the present invention.

[0054] Next, the lower electrode 17 is formed overlying
each of the pixel regions defined by the scanning lines 12 and
the signal lines 16 (see F1G. 5B) In this process, part of each
lower electrode 17 is deposited inside of the contact hole
portion CH so as to electrically connected to the drain elec-
trode D. Therefore, the lower electrodes 17 are operated as the
pixel electrodes. Additionally, the lower electrode 17 is not
deposited inside of the opening portion OP. This process step
corresponds to a third step of the manufacturing process for
the liquid crystal display device of the present invention.
[0055] The electrodes-insulation film 18 is deposited so as
to overlie the entire substrate on which the lower electrodes
17 are formed (see FIG. 5C). A material having high insula-
tion property such as the silicon nitride may be employed for
the electrodes-insulation film 18 to reduce the thickness of the
electrodes-insulation film 18 so that it can be prevented or at
least suppressed an undesirable increase of the interior diam-
eter of the contact hole portion CH. Also, a material which can
be deposited under relatively low temperature may preferably
be used for the electrodes-insulation film 18 so as to be
deposited without exerting a harmful effect. Additionally, the
electrodes-insulation film 18 is deposited on the inside of the
opening portion OP so that the channel region CR is directly
covered therewith. Therefore, the thickness of the electrodes-
insulation film 18 may preferably be more than 2000 ang-
strom so that the moisture resistance and insulation property
of the channel region CR of the TFT, the source electrode S
and the drain electrode D are secured. With the thickness of
the electrodes-insulation film 18 exceeding 6000 angstrom,
capacitance between the lower electrode 17 and the upper
electrode 21 becomes lower, resulting in remarkable flicker
phenomenon and higher voltage necessary for activating the
liquid crystal molecules, therefore, it is not preferable to use
the electrodes-insulation film 18 having the thickness of more
than 6000 angstrom. This process step corresponds to a fourth
step of the manufacturing process for the liquid crystal dis-
play device of the present invention.

[0056] After forming the electrodes-insulation film 18 in
the way as described before, the upper electrode 21 having the
pluralities of slits 20 formed therein is formed (see FIG. 5D).
The upper electrode 21 is formed by laminating the transpar-
ent conductive material such as indium tin oxide (ITO) and
indium zinc oxide (I1ZO) overlying the entire surface of the
electrodes-insulation film 18 and by conducting the known
photolithography method and etching method. Referring to
the FIGS. 2 and 3, each upper electrode 21 is formed on the
region except the position corresponding to the TFT and
connected to another upper electrode 21 of the adjacent pixel
region via the connecting portion 21B. The upper electrodes
21 are, as a unit, electrically connected to the common lines
Com wired on the frame region of the liquid crystal display
device 1. Therefore, the upper electrodes 21, as a unit, operate
as the common electrode. The array substrate AR is com-
pleted by forming the alignment layer overlying the entire
surface of the transparent substrate 11 on which the upper
electrodes 21 are formed. This process step corresponds to a
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fifth step of the manufacturing process for the liquid crystal
display device of the present invention.

[0057] Finally, the liquid crystal display device 1 of the first
embodiment is completed by bonding before described array
substrate and the color filter substrate with each surface fac-
ing each other to receive the liquid crystal therebetween. The
color filter substrate is substantially the same as that of the
typical FFS-type liquid crystal display device. This process
step corresponds to a sixth step of the manufacturing process
for the liquid crystal display device of the present invention.
[0058] As described before, in the liquid crystal display
device 1 of the present invention, the intermediate film 14 is
formed without the formation of the passivation film, and the
channel region CR of the TFT is covered with the electrodes-
insulation film 18 directly. Therefore, the channel region CR
is covered with the electrodes-insulation film 18 made of the
inorganic transparent insulation material which is the same
material as that used in the passivation film, thereby being
securely and efficiently insulated and water proofed. Also, not
necessarily conducted are depositing of the passivation film
and the etching of part of the passivation film for exposing the
drain electrode D to the exterior, according to the process for
manufacturing the liquid crystal display device 1 of the
present invention. Therefore, according to the process for
manufacturing the liquid crystal display device 1, it is pos-
sible to facilitate the manufacturing process, and hence, to
manufacture the liquid crystal display device at a low cost.
[0059] Exemplary described in the foregoing embodiment
are the slits 20 formed in the upper electrode 21, the one ends
of the slits 20 located adjacent to the signal line 16 being the
open ends 20a which have greater width than the other ends,
or the close ends 205, so that the upper electrode 21 exhibits
the comb shape when seen from plan view. However, both
ends may be the close ends. Also, the upper electrode 21 is
exemplary described in the foregoing embodiment such that
the upper electrode 21 is not located at the position above the
TFT, however, other structures may be employed.

[0060] Theliquid crystal display device 1 of the FFS type is
described as one embodiment of the invention. Such liquid
crystal display device of present invention may be employed
in various kinds of electronic equipment, such as a personal
computer, a cellular phone, a personal digital assistant, a
navigation system, a portable audio player and a portable
television.

Second Embodiment

[0061] Also, according to the first embodiment, described
1s the structure in the liquid crystal display device 1 such that
each of the lower electrodes (first electrodes) 17 is connected
to each of the drain electrodes D so as to serve as the pixel
electrode and the upper electrodes (second electrodes) 21 are,
as a unit, connected to the common lines Com so as to serve
as the common electrode. However, the lower electrodes 17
can be operated as the common electrode and the upper elec-
trodes 21 can be operated as the pixel electrodes.

[0062] The manufacturing process for the liquid crystal
display devices having such structure will now be described.
Firstly, the array substrate AR is manufactured through the
same process as the foregoing embodiment until the interme-
diate film 14 is deposited. Then, the lower electrode 17 is
deposited overlying the entire display area DA except the
positions at which the contact hole portions CH and the open-
ing portions OP are formed and electrically connected to the
common lines Com. After that, the electrodes-insulation film
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(second insulation film) 18 is deposited overlying the surface
of the substrate except the positions in which the contact hole
portions CH are formed. By depositing the electrodes-insu-
lation film 18 in such manner, the electrodes-insulation film
18 extends to the inside of the opening portion OP so as to
directly overlie the channel region CR. Then, the upper elec-
trode 21 having the pluralities of slits 21 is deposited in each
of the pixel regions defined by the scanning lines 12 and the
signal lines 16. Note that the upper electrode 21 is electrically
connected to the drain electrode D via the contact hole portion
CH and is not formed at the position at which the opening
portion OP is formed. The remainder of the manufacturing
process is the same as that of the liquid crystal display device
1 of the foregoing embodiment. More particularly, manufac-
ture of the liquid crystal display device is completed via other
processes such as depositing the aliment layer to the array
substrate AR and bonding the AR to the color filter substrate
CF.

[0063] It should be appreciated that similar advantages to
the liquid crystal display device 1 of the embodiment can be
obtained with the liquid crystal display device in which the
lowerelectrodes 17 serves, as aunit, as the common electrode
and the upper electrodes 21 serve as the pixel electrodes.

What is claimed is:

1. A liquid crystal display device comprising:

apair of transparent substrates which clamp a liquid crystal
layer therebetween, one of the transparent substrates
carrying a plurality of scanning lines and signal lines
arranged in matrix with a first insulation film therebe-
tween on a surface adjacent to the liquid crystal layer
thereof, switching devices made of a thin film transistor,
the switching devices being positioned at vicinities of
intersections of the scanning lines and the signal lines,
an intermediate film overlying a entire surface of a dis-
playing area, first electrodes made of a transparent con-
ductive material and connected to electrodes of the
switching devices via contact hole portions formed
through the intermediate film each contact hole portion
positioned in each of regions defined by the scanning
lines and the signal lines, second electrodes made of a
transparent conductive material, and a second insulation
film sandwiched between the first electrodes and the
second electrodes,

wherein the electrodes of the switching devices are directly
covered with the intermediate film;

wherein channel regions of the switching devices are
directly covered with the second insulation film at open-
ing portions formed in the intermediate film; and

wherein the second electrodes are, as a unit, connected to a
common line wired on an external periphery of the dis-
playing area.

2. The liquid crystal display device according to claim 1,
wherein the second insulation film is made of an inorganic
transparent insulation material.

3. The liquid crystal display device according to claim 1,
wherein the thickness of the second insulation film is in a
range of 2000 angstrom to 6000 angstrom.

4. A process for manufacturing a liquid crystal display
device, comprising the steps of:

a first step in which a transparent substrate is prepared as a
first transparent substrate, the trans parent substrate hav-
inga plurality of scanning lines and signal lines arranged
in matrix with a first insulation film therebetween and in
a displaying area, switching devices made of a thin film
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transistor, the switching devices being positioned at
vicinities of intersections of the scanning lines and the
signal lines, and a common line formed along a periph-
ery of the displaying area;

a second step in which an intermediate film is formed by
forming a film made of a photosensitive resin material
overlying an entire surface of the transparent substrate
that has undergone the first step, and then conducting
exposing, developing and baking so that the intermedi-
ate film overlying an entire displaying area is formed,
the intermediate film having contact hole portions and
opening portions so that electrodes and channel regions
of the switching devices are exposed;

a third step in which first electrodes made of a transparent
conductive material are formed in regions defined by the
plurality of scanning lines and the plurality of signal
lines, each first electrode being positioned in each
region, and each of the first electrodes and each of the
switching devices are electrically connected via the con-
tact hole portions;
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a fourth step in which a second insulation film is deposited
on an entire surface of the intermediate film including
positions corresponding to the first electrodes and the
channel regions;

a fifth step in which second electrodes made of a transpar-
ent conductive material are formed at positions corre-
sponding to the regions defined by the plurality of scan-
ning lines and the plurality of the scanning lines and the
plurality of the signal lines, each of the second elec-
trodes having a plurality of slits; and

asixth step in which an alignment layer is deposited on the
surface of the first transparent substrate that has under-
gone the fifth step, a second transparent substrate is
positioned with facing the first transparent substrates
and bonded to the first transparent substrate with being
separated at a predetermined distance, and a liquid crys-
tal is received between the first transparent substrate and
the second transparent substrate.
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