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they may have almost the same V-T characteristics and
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transmission electrode film (5) by a width of at least 2
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curring between the ITO and Al substances at the edge
of the transmission electrode film (5).

FIG.15(d)
Reflection electrode film
Reflection Transmission GD ‘1301?’655103
,___region . region | elecee
11
| Y —— Y \
A . “—i

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 2 372 438 A1
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a Liquid Crystal Display (LCD) and method for manufacturing the same and,
more particularly to, a transflective active-matrix type LCD having a transmission region and a reflection region in its
pixel and method for manufacturing the same.

2. Description of the Related Art

[0002] Because of its features of a small and thin geometry and low power consumption, an LCD has been put to
practical use in a variety of applications such as an OA apparatus and a portable apparatus. The LCDs are classified
in a transmission type and a reflection type, the LCD of the transmission type of which has no function to emit light for
itself unlike a CRT or an EL display and so is provided with a back-light source separately so that display may be
controlled by transmitting/blocking the back-light of liquid crystal thereof.

[0003] Although the transmission type LCD can use back-light to obtain bright display independently of the surrounding
environments, a back-light source thereof typically has large power consumption of substantially a half of the total
consumption thereof, thus contributing to an increase in the overall power consumption. If the LCD is driven by a battery
in particular, its operating time is decreased, while if a large sized battery is mounted thereto on the other hand, its total
weight is increased, thus preventing improvements in size and weight thereof.

[0004] To solve this problem owing to large power consumption of the back-light source, a reflection type LCD is
suggested which utilizes surrounding light for display. The reflection type LCD employs a reflecting plate in place of the
back-light source to transmit/block the surrounding light reflected by the reflecting plate in order to control display, so
that it need not have a back-light source, to thereby reduce its power consumption, size, and weight; at the same time,
however, it is largely deteriorated in visibility problematically if the surroundings are dark.

[0005] Although the transmission type and reflection type LCDs have these advantages and disadvantages of their
own, a back-light source is required in order to obtain stable display but inevitably increases power consumption of the
LCDs if only it is used as the light source thereof. To solve this problem, for example, Japanese Patent Application
(KOKOKU) Laid-Open No. Hei 11-101992 discloses a transflective type LCD which can suppress power consumption
of its back-light source and secure visibility independently of the surrounding environments, in which a transmission
region and reflection region are provided in each pixel thereof to enable providing transmission mode display and
reflection mode display on a single liquid crystal panel.

[0006] A conventional transflective type LCD is described as follows with reference to FIG. 18. FIG. 18 is a cross
sectional view of conventional transflective type LCD.

[0007] AsshowninFIG. 18, the conventional transflective type LCD comprises an active matrix substrate 12 on which
a switching element such as a Thin Film Transistor (hereinafter abbreviated as TFT) 3 is formed, an opposing substrate
16 on which a color filter, a black matrix, etc. are formed, a liquid crystal layer 17 sandwiched by these substrates, and
a back-light source 18 arranged below the active matrix substrate 12.

[0008] On the active matrix substrate 12 is provided with a gate line and a data line and, near an intersection thereof,
a TFT 3, in such a configuration that a drain electrode 2a and a source electrode 2b of the TFT3 are connected to the
data line and a pixel electrode respectively. Each pixel is divided into a transmission region which transmits back-light
and areflection region which reflects surrounding lightin such a construction that the transmission region has a transparent
electrode film 5 formed on a passivation film 10 and the reflection region has a reflection electrode film 6 made of metal
on an irregular film 11 made of an organic substance.

[0009] In this construction of the transflective type LCD, in the transmission region, back-light radiated from a back
side of the active matrix substrate 12 passes through the liquid crystal layer 17 and is emitted from the opposing substrate
16, while in the reflection region, surrounding light injected through the opposing substrate 16 once enters the liquid
crystal layer 17 and is reflected by the reflection electrode film 6 and passes back through the liquid crystal layer 17 and
then is emitted from the opposing substrate, so that there occurs a difference in optical path length between the trans-
mission region and the reflection region.

[0010] Toguardagainstthis, conventionally, a polarization state of the emitted light has been adjusted so as to equalize
the optical path lengths of the liquid crystal layer 17 in these two regions to each other by forming the organic irregular
film 11 in the reflection region thicker than that in the other so that the gap of the liquid crystal layer 17 in the reflection
region may be substantially a half of that in the transmission region.

[0011] Generally, the gradation-luminance characteristics of the liquid crystal panels need to be the same in the
transmission region and the reflection regions so that an image impression in the transmission mode may match that
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in the reflection mode. For this purpose, the voltage-luminance characteristics (V-T) of the panel in the transmission
mode may agree with those in the reflection mode.

[0012] In the above-mentioned conventional transflective type LCD, however, a gap of the liquid crystal layer 17 is
different in the reflection region and the transmission region, that is, the gap with respect to the electrode is different on
the side of the active matrix substrate 12 and on the side of the opposing substrate 16, so that the strength of an electric
field applied on the liquid crystal cannot be equal in the various regions, to result in a change in luminance in these
regions, thus problematically deteriorating the display quality.

SUMMARY OF THE INVENTION

[0013] Inview of the above, it is a main object of the present invention to provide a transflective type LCD and method
for manufacturing the same which can match the voltage-luminance characteristics of the panel in the transmission
mode with those in the reflection mode and also which can suppress occurrence of a pixel defect caused by a reflection
electrode film or a transparent electrode film.

[0014] Inorderto achieve above mentioned object, a transflective type LCD accordng to present invention comprising:
a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular to each other and a
switching element arranged near each of intersections between said scanning lines and said signal lines on a first
substrate; a transmission region in which a transparent electrode film is formed and a reflection region in which a reflection
electrode film is formed which regions are provided in each pixel surrounded by said scanning lines and said signal
lines; and liquid crystal sandwiched at a gap between said first substrate and a second substrate which is arranged
opposite to said first substrate, wherein an organic film below said reflection electrode film which underlies irregularities
of said reflection electrode film is formed also below said transparent electrode film as shaped irregular with almost the
same film thickness so that said gap may be substantially equal both in said transmission region and said reflection region.
[0015] Moreover, in the transflective type LCD, wherein said reflection electrode film is formed on the side of the pixel
where said switching element is arranged, so that a terminal of said switching element is connected with said reflection
electrode film via a through hole formed in said organic film and said transparent electrode film is connected with said
reflection electrode film in an overlap region thereof.

[0016] Moreover, in the transflective type LCD, wherein such a portion (G-D conversion portion) as to lead out said
signal line by means of a gate layer is connected with either one of said reflection electrode film and said transparent
electrode film in a circumference of said first substrate.

[0017] Moreover, in the transflective type LCD, wherein: on such a side of each of said first substrate and said second
substrate as to be opposite to the sides thereof which sandwich said liquid crystal therebetween, a A/4 plates and a
polarizing plates are arranged in this order from the side of said substrate; said polarizing plate on an outer side of said
first substrate and said polarizing plate on an outer side of said second substrate are arranged so that polarization axes
thereof may be perpendicular to each other; and a twist angle of said liquid crystal is set at 72 degree.

[0018] Moreover, a method for manufacturing a transflective type LCD according to the present invention, in said
transflective type LCD having a first substrate provided thereon with a plurality of scanning lines and a plurality of signal
lines which are substantially perpendicular to each other and a switching element arranged near each of intersections
between said scanning lines and said signal lines, forming a reflection region having a reflection electrode film and a
transmission region having a transparent electrode film in each pixel surrounded by said scanning lines and said signal
lines and the liquid crystal is sandwiched at a gap between said first substrate and a second substrate which is arranged
opposite to said first substrate, the method comprising the steps of: when forming an organic film having irregularities
thereon is formed below said reflection electrode film and said transparent electrode film to substantially the same film
thickness, forming a half-tone mask having a transmission portion, a shielding portion and a transflective portion in said
pixel portion; and forming said irregularities and a portion where said organic film is completely removed using the said
mask at a same time.

[0019] Moreover, in a method for manufacturing a transflective type LCD according to the present invention, in said
transflective type LCD having a first substrate provided thereon with a plurality of scanning lines and a plurality of signal
lines which are substantially perpendicular to each other and a switching element arranged near each of intersections
between said scanning lines and said signal lines, forming a reflection region having a reflection electrode film and a
transmission region having a transparent electrode film in each pixel surrounded by said scanning lines and said signal
lines and the liquid crystal is sandwiched at a gap between said first substrate and a second substrate which is arranged
opposite to said first substrate, the method comprising the steps of: when forming an organic film having irregularities
thereon is formed below said reflection electrode film and said transparent electrode film to substantially the same film
thickness, forming a first organic film as scattered in dot; performing predetermined heat treatment to form protrusions;
and covering moderately by a second organic film to form said predetermined irregularities.

[0020] Moreover, in the method of present invention, wherein when forming a window portion for said transmission
portion by removing a part of said reflection electrode film, etching said reflection electrode film so as to overlap with
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said transmission electrode film by a predetermined width around an overall periphery of said window portion as viewed
from a direction of a normal line of said substrate, and it is preferably said etching is performed so that said width for
overlapping may be about 2 pm.

[0021] Moreover, in the method of present invention, wherein said reflection electrode film is of a two-layer construction
consisting of a barrier metal film and a reflection metal film, each of which is formed to a film thickness at least 100 nm,
more preferably about 200 nm or more.

[0022] Moreover, in the method of present invention, wherein when at least one of said barrier metal film and said
reflection metal film is formed, the metal film is once formed to a predetermined film thickness, then washed by an alkali
solution, and then formed again to a desired film thickness.

[0023] Moreover, in the method of present invention, wherein Mo is used as a material of said barrier metal film and
Al is used as a material of said reflection metal film.

[0024] Moreover, in the method of present invention, wherein at the washing step by use of UV ray prior to formation
of said transparent electrode film, an application quantity of the UV ray is limited down to a value less than 100 mJ.
[0025] Moreover, amethod for manufacturing a transflective type active matrix substrate according to presentinvention,
said transflective type active matrix substrate being provided with a plurality of scanning lines and a plurality of signal
lines which are substantially perpendicular to each other and a switching element arranged near each of intersections
between said scanning lines and said signal lines in such a configuration that a reflection region having a reflection
electrode film and a transmission region having a transparent electrode film are formed in each pixel surrounded by said
scanning lines and said signal lines, the method comprising at least the steps of: depositing a passivation film on a
substrate on which said scanning lines, said signal lines, and said switching elements are formed and then forming a
first contact hole in a portion (G-D conversion portion) which is provided around said substrate to lead out said signal
line by means of a gate layer; filling said first contact hole with a predetermined conductive material to connect said G-
D conversion portion therewith; depositing an organic film to almost the same film thickness both in said transmission
region and said reflection region, then forming irregularities on the surface and also removing said organic film on a
terminal of said switching element to form a second contact hole; forming a transparent electrode film on said organic
film in said transmission region; and forming a reflection electrode film in such a manner that said reflection electrode
film may overlap with said transparent electrode film around an overall periphery thereof by a predetermined width to
interconnect said terminal and said reflection electrode film through said second contact hole.

[0026] Moreover, a method for manufacturing a transflective type active matrix substrate, said transflective type active
matrix substrate being provided with a plurality of scanning lines and a plurality of signal lines which are substantially
perpendicular to each other and a switching element arranged near each of intersections between said scanning lines
and said signal lines in such a configuration that a reflection region having a reflection electrode film and a transmission
region having a transparent electrode film are formed in each pixel surrounded by said scanning line and said signal
line, the method comprising at least the steps of: depositing a passivation film on a substrate on which said scanning
lines, said signal lines, and said switching elements are formed and then forming a first contact hole in a portion (G-D
conversion portion) which is provided around said substrate to lead out said signal line by means of a gate layer;
depositing an organic film to almost the same film thickness both in said transmission region and said reflection region,
then forming irregularities on the surface and also removing said organic film on a terminal of said switching element to
form a second contact hole; forming a transparent electrode film on said organic film in said transmission region and
also filling said first contact hole with said transparent electrode film to connect said G-D conversion portion therewith;
and forming a reflection electrode film in such amanner that said reflection electrode film may overlap with said transparent
electrode film around an overall periphery thereof by a predetermined width to interconnect said terminal and said
reflection electrode film through said second contact hole.

[0027] In an configuration according to the present invention, the gap of the liquid crystal layer can be substantially
equal in the transmission region and the reflection region so that the V-T characteristics in the transmission mode may
agree with those in the reflection mode; also, by improving an adhesiveness of the transparent electrode film to protect
the edge of the transparent electrode film securely, it is possible to suppress a defect from occurring owing to a developer
during the PR (photo resist) step for forming the reflection electrode film.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

FIG. 1 is a plan view for showing a configuration of a transflective type LCD related to a first embodiment of the
present invention;

FIG. 2 is a cross-sectional view for showing the configuration of the transflective type LCD related to the first
embodiment of the present invention;

FIG. 3 is an illustration for showing a polarization state of incident light and reflected light of the transflective type
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LCD related to the first embodiment of the present invention;

FIG. 4 is a graph for showing a relationship between a twist angle and a gap in a transmission region and a reflection
region of liquid crystal;

FIGS. 5 are graphs for showing V-T characteristics at predetermined twist angle as well as the gap in the transmission
and reflection regions of the liquid crystal;

FIG. 6 is a plan view for showing a configuration of the transflective type LCD related to a second embodiment of
the present invention;

FIG. 7 is a cross-sectional view for showing the configuration of the transflective type LCD related to the second
embodiment of the present invention;

FIGS. 8 are cross-sectional views for showing a problem of a conventional transflective type LCD;

FIG. 9 is a cross-sectional view for showing an effect of the transflective type LCD related to a third embodiment of
the present invention;

FIG. 10 is a microscopic picture for showing abnormal display of the conventional transflective type LCD;

FIGS. 11 are cross-sectional flow diagrams for showing a transflective type LCD manufacturing method related to
a fourth embodiment of the present invention;

FIGS. 12 are cross-sectional flow diagrams for showing the transflective type LCD manufacturing method related
to the fourth embodiment of the present invention;

FIGS. 13 are the cross-sectional flow diagrams for showing the transflective type LCD manufacturing method related
to the fourth embodiment of the present invention;

FIGS. 14 are cross-sectional flow diagrams for showing the transflective type LCD manufacturing method related
to a fifth embodiment of the present invention;

FIGS. 15 are the cross-sectional flow diagrams for showing the transflective type LCD manufacturing method related
to a fifth embodiment of the present invention;

FIG. 16 is a plan view for showing a construction of the transflective type LCD related to a prior application of the
present inventor;

FIG. 17 is a cross-sectional view for showing the construction of the transflective type LCD related to the prior
application of the present inventor; and

FIG. 18 is a cross-sectional view for showing a construction of the conventional transflective type LCD.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] The following will describe preferred embodiments of a transflective type LCD related to the present invention
with reference to drawings.

[0030] As mentioned above, generally in a transflective type LCD, the gradation-luminance characteristics of an LCD
panel must be the same at a transmission section and a reflection section so that animage impression in the transmission
mode may match that in the reflection mode. For this purpose, the voltage-luminance characteristics (V-T characteristics)
of the panel in the transmission mode must agree with those in the reflection mode.

[0031] Tothisend, the presentinventor proposes in a prior application (Japanese Patent Application No. 2001-132744)
a transflective type LCD which has an insulation film with a predetermined film thickness not only in a reflection region
but also in a transmission region so that these two regions may have almost the same gap of a liquid crystal layer and
also which has polarization adjustment means comprised of a polarization plate and a phase difference plate on both
sides of the liquid crystal panel to adjust optical characteristics of these optical members and a twist angle of liquid
crystal employed, thus realizing good display. Prior to describing the present patent application, technologies related to
this prior application are described with reference to FIGS. 16 and 17. FIG. 16 is a plan view for showing a construction
of the active matrix substrate of transflective type LCD related to a prior application. And FIG. 17 shows a cross-sectional
view of line c-¢’ of FIG 16.

[0032] As shown in FIGS. 16 and 17, the transflective type LCD related to the above-mentioned prior application
comprises an active matrix substrate 12, an opposing substrate 16, a liquid crystal layer 17 sandwiched by these
substrates, a back-light source 18 arranged below the active matrix substrate 12, and a plurality of phase difference
plates 20a and 20b as well as polarization plates 19a and 19b respectively arranged on the outer sides of the active
matrix substrate 12 and the opposing substrate 16.

[0033] The active matrix substrate 12 further comprises a gate line 1, a gate electrode 1a, a common storage line 4,
and an auxiliary capacitance electrode 4a which are formed on a transparent insulation substrate 8, a semiconductor
layer, a data line 2, a source/drain electrode, and a capacitance accumulation electrode 2c which are formed via a gate
insulation film 9, a passivation film 10 covering these, a first insulation film 11a formed as scattered on the passivation
film 10, a second insulation film 11b which fills a gap between the first insulation films to thereby form appropriate
irregularities, a reflection electrode film 6 formed on the second insulation film 11b, and a transparent electrode film 5
formed so as to partially overlap with the reflection electrode film 6 on the second insulation film 11b.
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[0034] The first insulation film 11a is formed in the reflection region as scattered in dot and flat in the transmission
region, and depend on the surface shape of the first insulation film 11a, the reflection electrode film 6 may be shaped
irregularly on the second insulation film 11b in the reflection region and that the transparent electrode film 5 may be
formed flat on the second insulation film 11b in the transmission region.

[0035] In this configuration, by appropriately setting such optical characteristics of each position as an arrangement
angle of the phase difference plates 20a and 20b and a polarization angle of the polarization plates 19a and 19b which
plates are all arranged on the outer sides of the both active matrix substrate and the opposing substrate, a rubbing angle
of these two substrates, a twist angle of the liquid crystal, a gap of the liquid crystal layer 17, etc., it is possible to remove
a residual retardation and compensate for a phase difference within wide band, thus obtaining a high contrast ratio.
[0036] In the above-mentioned prior application, however, when the first insulation film 11a is formed as scattered in
dot in the reflection region and then heat treated under predetermined conditions to thereby form a desired protrusion
shape, the pattern shape of the insulation film 11a before heat treatment is different in the transmission region and the
reflection region, so that after heat treatment the first insulation film 11a becomes thinner in the reflection region and
thicker in the transmission region, thus giving rise to a delicate difference in gap of the liquid crystal layer 17 between
these regions.

[0037] Further, as shown in FIG. 16, the reflection electrode film 6 is formed in such a manner as to overlap with the
transparent electrode film 5 at the center of each pixel, whereas at a boundary between the adjacent pixels (for example,
on the gate line 1 at the upper part in the figure) these two electrodes do not overlap with each other, so that during a
photolithography (PR) step for forming the reflection electrode film 6, a developer soaks into the reflection electrode film
5 through its crack at an edge of the transparent electrode film 5 to trigger electric erosion between Al of the reflection
electrode film 6 and ITO of the transparent electrode film 5, thus possibly eroding the Al or ITO substances.

[0038] Further, when the opposing electrode 15 is connected with an electrode pad on the side of the active matrix
substrate 12 using a conductive seal, the conductive seal is arranged over a leader wiring, so that to prevent short-
circuiting from occurring near a sealing region on the outer side of the liquid crystal, preferably the data line 2 is connected
with a gate layer so that the gate layer may provide a leader (hereinafter called G-D conversion). For this purpose, the
G-D conversion needs to be performed by interconnecting the gate and the drain metal at their upper layer metal to
reduce the contact resistance, thus establishing a process for manufacturing the product with a smaller number of PR
steps while suppressing electric erosion between the above-mentioned AL and ITO substances.

[0039] To this end, the present invention proposes such a transflective type LCD structure and method for manufac-
turing the same that can provide the same gap both in the transmission region and the reflection regions so that their
V-T characteristics may agree with each other and also that can suppress electric erosion from occurring between the
reflection electrode film 6 and the transparent electrode film 5. The following will describe the contents in detail with
reference to the drawings.

First Embodiment

[0040] The following will describe a structure and a principle of the transflective type LCD related to the firstembodiment
of the present invention with reference to FIGS. 1-5. FIG. 1 is a plan view for showing a configuration of a transflective
type LCD related to a first embodiment of the present invention, and FIG. 2 is a cross-sectional view in A-A’ line of FIG.
1. FIG. 3 is an illustration for showing a polarization state in each position of the transflective type LCD related to the
first embodiment of the present invention, and FIG. 4 is a graph for showing a relationship between a twist angle and a
gap. FIG. 5 are graphs for showing V-T characteristics under predetermined condition. Note here that the present
embodiment features that an irregular film is formed also in the transmission region as in the reflection region in order
to provide the same gap in these regions.

[0041] As shownin FIGS. 1 and 2, the transflective type LCD of the present embodiment comprises the active matrix
substrate 12, the opposing substrate 16, the liquid crystal layer 17 sandwiched by these substrates, the back-light source
18 arranged below the active matrix substrate 12, and the phase difference plates 20a and 20b as well as the polarizing
plates 19a and 19b respectively arranged on the outer sides of the active matrix substrate 12 and the opposing substrate
16.

[0042] The active matrix substrate 12 further comprises the gate line 1, the gate electrode 1a, the common storage
line 4, the auxiliary capacitance electrode 4a, the gate insulation film 9, the semiconductor layer, the data line 2, the
source/drain electrode, and the capacitance accumulation electrode 2c which are formed on the transparent insulation
substrate 8 and, on the passivation film 10 covering these, the same shaped irregular film 11 in both the transmission
and reflection regions. Further, in the transmission region is formed the transparent electrode film 5 made of ITO etc. ,
while in the reflection region is formed the reflection electrode film 6 made of metal such as Al/Mo. Thus, the reflection
region and the transmission regions have the irregular film 11 with the same shape formed therein and so have almost
the same height (specifically with a difference in height of 1 wm or less), thus giving almost the same gap of the liquid
crystal layer 17 in themselves.
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[0043] The following will describe, with reference to FIGS. 3-5, the arrangement of the polarizing plates and the phase
difference plates on the outer sides of the two substrates and the setting of the twist angle of the liquid crystal and then
meanings why the reflection and transmission regions should have almost the same gap.

[Arrangement of polarization plate and A/4 plate on the upper side]

[0044] To provide a normally-white state of the reflection region, that is, a state where it looks white when the liquid
crystal is laid with no voltage applied between the opposing substrate and the pixel electrode and it looks black when
the liquid crystal is erected, the phase difference plate (A/4 plate) 20b is arranged between the liquid crystal layer 17
and the polarizing plate 19b. By then turning the A/4 plate 20b by 45 degree with respect to the optical axis of the
polarizing plate 19b and sandwiching it therebetween, linear-polarized (horizontal) light passing through the polarizing
plate 19b is transformed into clockwise circular-polarized light. This clockwise circular-polarized light arrives at the
reflection electrode film 6 as linear-polarized light by setting a gap d1 at a predetermined value. The linear-polarized
light is reflected by the reflection electrode film 6 as linear-polarized light, which in turn goes out of the liquid crystal
layer 17 as clockwise circular-polarized light. This circular-polarized light is transformed by the A/4 plate 20b into linear-
polarized (horizontal) light and then goes out of the polarizing plate 19b having the horizontal optical axis, thus giving
white display.

[0045] If a voltage is applied on the liquid crystal layer 17, on the other hand, the liquid crystal is erected. In this state,
light injected to the liquid crystal layer 17 as circular-polarized clockwise arrives at the reflection electrode film 6 as
clockwise circular-polarized light, which in turn is reflected by the reflection electrode film 6 as counterclockwise circular-
polarized light. It is ejected from the liquid crystal layer 17 as circular-polarized counterclockwise and transformed into
linear-polarized (vertical) light by the A/4 plate 20b and absorbed in it without being ejected therefrom. Thus, display
appears black.

[Arrangement of A/4 plate and polarizing plate on the lower side]

[0046] In the transmission mode, arrangement angles of the optical axes of the A/4 plate 20a and the polarizing plate
19a on the lower side are determined so that display may appear black with a voltage applied on the liquid crystal. The
lower side polarizing plate 19a is arranged in a crossed Nicols manner, that is, as turned by 90 degree with respect to
the upper side polarizing plate 19b. Further, in order to cancel (compensate for) an influence by the upper side A/4 plate
20b, the lower side A/4 plate 20a is also arranged as turned by 90 degree. Since the liquid crystal is erected when a
voltage is applied thereon, the light is unchanged in polarization state, so that essentially it is optically equal to a state
where the polarizing plates 19a and 19b are arranged in the crossed Nicols manner, thus providing black display with
a voltage applied. Thus, the arrangement of the optical members of the transflective liquid crystal panel and the arrange-
ment angles of their optical axes are determined.

[0047] FIG. 4 shows respective gaps d1 and d2 of the reflection region and the transmission region which are optimal
to maximize of reflectivity and transmittivity of a white color when the optical members are arranged at the above-
mentioned arrangement angles and the twist angle ¢ of the liquid crystal is changed over 0-90 degree. FIG. 4 indicates
that the optimal gap of the transmission region is the same as that of the reflection region at a liquid crystal twist angle
of 72° and also that as the liquid crystal twist angle decreases, the optimal gap of the reflection region becomes smaller
than that of the transmission region.

[0048] Based on these, the present inventor employed nematic liquid crystal with An(refractive index anisotropy)
=0.086 and, from FIG. 4, set such conditions that the gap value d1=d2=2.7 um and the twist angle is 72 degree. The
voltage-luminance characteristics (V-T characteristics) of the panel in the transmission and reflection modes under these
conditions are shown in FIG. 5A. FIG. 5B shows as a comparison example the V-T characteristics under the conventional
conditions (twist angle is 0°, d1=1.5 um, and d2=2.7 um).

[0049] FIGS. 5 show that in the configuration of the present embodiment the V-T characteristics of the transmission
mode agree well with those of the reflection mode and also the irregular films 11 can be formed in the same shape
throughout the surface of the pixel region to provide almost the same gap of the liquid crystal as well as almost the same
V-T characteristics both in the reflection and transmission regions, thus improving the display quality.

[0050] Although in the present embodiment the irregular films 11 having the same shape have been formed not only
in the reflection region but also in the transmission region, the irregular films 11 may not be the same in shape as far
as the reflection and the transmission regions have substantially the same gap. For example, in the configuration of the
above-mentioned prior application the first insulation film may be formed in two steps so as to be a little thicker in the
reflection region where it is scattered in dot taking into account a change in shape of thereof, thus providing almost the
same total film thickness including the thickness of the second insulation film in these two regions.
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Second Embodiment

[0051] The following will describe the transflective type LCD related to the second embodiment of the present invention
with reference to FIGS. 6 and 7. The present embodiment features that to suppress a reaction between the transparent
electrode film made of ITO etc. and the reflection electrode film made of Al/Mo etc., the positional relationship these
electrode films is regulated.

[0052] Thetransflective type LCD 12 of the present embodiment comprises the active matrix substrate 12, the opposing
substrate 16, and the liquid crystal layer 17 sandwiched by these substrates in such a configuration that on the outer
sides of the active matrix substrate 12 and the opposing substrate 16 are respectively arranged the A/4 plates and the
polarizing plates at the above-mentioned arrangement angle with respect to the optical axis. As the liquid crystal can
be employed, for example, nematic liquid crystal NR523LA (A n = 0.086) made by Chisso Corp. with the above-mentioned
settings of the gap value at 2.7 um and the twist angle at 72° . The opposing substrate is further comprised of a color
filter and an opposing electrode for supplying a reference potential.

[0053] As shown in FIGS. 6 and 7, on the active matrix substrate 12 are arranged the gate line 1 for supplying a
scanning signal, the common storage line 4 which gives capacitance, the auxiliary capacitance electrode 4a, the data
line 2 for supplying an image signal, the TFT 3 connected as a switching element to an intersection of these, and a pixel
electrodes arranged in matrix at each of the transistors. To the gate electrode 1a of the TFT 3 is connected the gate
line 1 and, to its drain electrode is connected the data line 2.

[0054] Further, to protect the TFT 3 the passivation film 10 is formed thereon, on which is in turn formed the irregular
layer 11 made of photo-sensitive acrylic resin which underlies the irregularities of the reflection electrode film 6. On this
is further formed the transparent electrode film 5 composed of a transparent conductive film made of ITO etc., on which
is formed the reflection electrode film 6 made of high-reflectivity metal such as A1.

[0055] Note here that, as mentioned above, in the prior application of the present inventor (see FIGS. 16 and 17), the
transparent electrode film 5 and the reflection electrode film 6 are separated from each other in a region between the
adjacent pixels, in which region of the transparent electrode film 5 is eroded at its edge when the reflection electrode
film 6 is patterned, thus giving a defective pixel in some cases.

[0056] To suppress this electric erosion reaction between the reflection electrode film 6 and the transparent electrode
film 5, the present patent application employs a variety of countermeasures. One is to adjust the positional relationship
between the reflection electrode film 6 and the transparent electrode film 5. Specifically, as shown in FIG. 6, a window
portion which provides a transmission region is formed in the reflection electrode film 6 in each of the pixels to thereby
set a positional relationship between the reflection electrode film 6 and the transparent electrode film 5 so that these
two films may overlap with each other around the overall periphery of this window portion.

[0057] That is, one cause of erosion is considered as follows: at the edge of the transparent electrode film 5 the
reflection electrode film 6 deposited thereon has poor coverage due to a crack etc., through which a developer soaks
into the poor coverage portion when forming a resist pattern for reflection electrode film 6. To guard against this, a
predetermined overlap region is provided between the transparent electrode film 5 and the reflection electrode film 6 to
cover the edge of the transparent electrode film 5 with a resist pattern in order to prevent the developer from coming in
direct contact therewith, thus avoiding erosion of the transparent electrode film 5. Note here that an extent of the
overlapping should be enough only to cover the poor coverage portion, which is specifically 2 wm or so as confirmed
experimentally by the present inventor.

[0058] Furthermore, by forming the reflection electrode film 6 in such a manner that it may overlap with the transparent
electrode film 5 around its overall periphery, an area in which these two films 5 and 6 come in contact with each other
can be increased advantageously. That is, in a case of the reflection region is formed on the side of the TFT 3, the
source electrode of the TFT 3 and the reflection electrode film 6 can be interconnected via a contact hole 7 formed
through the irregular layer 11 and the passivation film 10 to connect the transparent electrode film 5 to the reflection
electrode film 6 in order to thereby interconnect the source electrode and the transparent electrode film 5, so that contact
resistance between the transparent electrode film 5 and the reflection electrode film 6 can be decreased by forming
these two films in such a manner that they may overlap with each other around the overall periphery. Moreover, by
connecting the transparent electrode film 5 around its overall periphery, such an effect can be expected as to provide
a uniform potential everywhere on the transparent electrode film 5, thus accurately controlling a voltage applied on the
liquid crystal.

[0059] Although the present embodiment has been described with reference to a configuration in which one rectangular
window portion is formed in the reflection electrode film 6, the present invention is not limited thereto; for example, the
window portion may be polygonal, circular, elliptical, or of any other arbitrary shape and be provided more than one in
each pixel, as far as the reflection electrode film 6 overlaps with the transparent electrode film 5 around its overall
periphery. Furthermore, although in FIG. 7 the irregular film 11 is shaped irregular in the reflection region and flat in the
transmission region, it may be formed irregular in both of the regions 5 and 6 as shown in FIG. 2 and their surfaces may
be of an arbitrary shape.
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Third Embodiment

[0060] The following will describe a transflective type LCD manufacturing method related to the third embodiment of
the present invention with reference to FIGS. 8-10. Here, FIGS. 8-10 are drawings for explaining problems in production
process of the active matrix substrate. Note here that the present embodiment features that the electric erosion reaction
is suppressed from occurring between the transparent electrode film and the reflection electrode film.

[0061] In the above-mentioned second embodiment, as shown in FIG. 8B (expanded view of a defective portion of
FIG. 8A), a problem that a developer soaks into the reflection electrode film 6 through its crack at the edge of the
transparent electrode film 5 during a PR process for processing of the reflection electrode film 6 is solved by adjusting
the planar positional relationship between the reflection electrode film 6 and the transparent electrode film 5. To suppress
electric erosion from occurring between the reflection electrode film 6 and the transparent electrode film 5 more securely,
it is necessary to improve adhesiveness of the transparent electrode film 5 to improve the coverage of the reflection
electrode film 6 in an area of the edge of the transparent electrode film 5. In view of this, the present embodiment features
a method of adjusting the thickness of the reflection electrode and optimizing a cleaning step before the transparent
electrode film 5 is formed to thereby suppress electric erosion from occurring between the reflection electrode film 6
and the transparent electrode film 5. The following will describe a mechanism of and how to suppress electric erosion
from occurring between the ITO substrate of the transparent electrode film 5 and the Al substrate of the reflection
electrode film 6.

(1) Mechanism of ITO-Al electric erosion

[0062] Combination is very bad between an Al-based material, which is highly reactive and easily reacts with oxygen
to form an oxide film (Al,O5), and ITO, which is an oxide conductor. Particularly when forming a positive resist pattern
on a layerd film consisting of an upper layer made of Al and a lower layer made of ITO, so-called electric erosion occurs
to erode (oxidize) Al and dissolve (reduce) ITO, thus giving poor contact between Al and ITO (see FIG. 8B). This electric
erosion reaction is considered to occur by the following mechanism.

1. Such an Al portion as to have many lattice defects or impurities dissolves as a local anode, thus giving rise to a
pin hole;

2. Through thus formed pin hole, a developer comes in contact with the underlying ITO;

3. A potential difference between an oxidizing potential of Al in the developer and a reducing potential of ITO triggers
the reaction, thus promoting oxidization of Al and reduction of ITO respectively indicated by the following reaction
formulae:

Al + 40H — H,AIO; +H,0 +3e ()

In,O5 + 3H,0 + 6e — 2In + 60H- (2)

(2) Film thickness of Mo as barrier metal

[0063] The above-mentioned phenomenon of electric erosion occurring between the Al and ITO substances can be
suppressed to some extent by inserting Mo etc. as the barrier metal between these substances. However, the Al and
Mo substances deposited by sputtering are generally columnar crystal, so that a developer soaks into them through a
gap between the columns to touch off electric erosion if Al and Mo do not have sufficient film thickness. As such, the
present inventor investigated an extent to which the electric erosion reaction occurs when the film thickness of Al and
Mo formed on the ITO are changed respectively. A correlation between these is given in a table below. In the table, X
indicates significant occurrence of electric erosion, A indicates partial occurrence, O indicates almost no occurrence,
and © indicates no occurrence.

[Table 1]
Mo film thickness | Al film thickness | Electric erosion
50 nm (500 A) 50 nm X
100 nm X
200 nm X
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(continued)

Mo film thickness | Al film thickness | Electric erosion

100 nm 50 nm
100 nm
200 nm
200 nm 50 nm
100 nm
200 nm

100 nm twice 50 nm
100 nm
200 nm

@O || X|O|B|X|O|B>]|X

100 nm twice

[0064] Table 1 indicates that to suppress electric erosion from occurring, it is necessary to form both Mo and Al films
to a film thickness of 100 nm (1000A) or more, preferably 200 nm or more. Furthermore, it was found that when forming
the Mo and Al films, rather than forming them, for example, to a thickness of 200 nm at a time, preferably they are formed
to a thickness of 100 nm, then washed with an alkali solution once, and then formed to another thickness of 200 nm, in
order to improve their performance as a barrier. Although not clear, the reason may be that the surface of Mo dissolves
by alkali washing and is reduced in columnar-ness, so that when once exposed to the air or the washing solution, the
Mo surface has a thin film formed thereon and, when formed second time, is changed in crystallinity.

(3) Adhesiveness of ITO on irregular (organic) film

[0065] Paragraphs (1) and (2) have described how to improve the performance of barrier metal. No matter how the
barrier metal performance is improved, however, unless the transparent electrode film 5 made of ITO is patterned with
good adhesiveness on the underlying irregular film 11, the developer soaks through a gap into the reflection electrode
film 6 to give rise to electric erosion as shown in FIG. 8C.

[0066] Generally, prior to sputtering of the ITO, ultra-violet (UV) ray is applied to decomposes an organic substance
such as oil and then pure water or a weak alkali solution is used for washing, a step of which washing was experimentally
confirmed by the present inventor to have an influence on the adhesiveness of the ITO. Table 2 below shows a correlation
between electric erosion and an application quantity of UV ray prior to ITO sputtering. In the experiment, UV ray with a
wavelength of 300 nm was applied with a quantity of 0 mJ through 1 J.

[Table 2]
UV application quantity | Electric Erosion
0mJ O
100 mJ A
250 mJ X
500 mJ X
1J X

[0067] Table 2 indicates that electric reaction is liable to occur at a quantity of 100 mJ or more of UV ray application.
A mechanism for that is considered as follows: a polymer network on the surface of the irregular film 11 made of an
organic substance such as acrylic is destroyed by UV ray and, when an ITO film is formed thereon and patterned by
photolithography (PR), the surface of the irregular film 11 on which the polymer network is destroyed dissolves in an
etch-off solution during an etch-off step, thus causing the edge of the ITO to lift.

[0068] When the ITO is thus peeled, a lift cannot completely be covered by barrier metal, if provided to the reflection
electrode film 6. Especially in such a configuration of FIGS. 8 that the reflection electrode film 6 is not overlapped at the
edge of the ITO, a resist pattern 21 used for processing of the reflection electrode film does not cover the edge of the
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ITO, so that a developer soaks through a gap between the electrodes during a developing step, thus giving rise to electric
erosion as confirmed by the experiment.

[0069] In contrast, in such a configuration of the present embodiment that the edge of the ITO is totally covered by
the reflection electrode film 6 as shown in FIGS. 9, the resist pattern used to etch the reflection electrode film 6 also
covers the edge of the ITO to thereby block the developer, thus preventing it from disadvantageously soaking through
during the developing step.

[0070] Thus, at the washing step prior to ITO sputtering, by limiting the application quantity of UV ray down to 100 mJ
or less or even by eliminating the UV ray application step and also by setting the film thickness of both the barrier metal
and Al films of the reflection electrode film 6 at 100 nm or more, preferably 200 nm or more, it is possible to efficiently
suppress electric erosion between the ITO and Al substances, thus preventing the conventional dissolving of ITO and
Al (see a microscopic picture of FIG. 10).

[0071] Although the above-mentioned embodiments have employed Mo as the barrier metal of the reflection electrode
film 6, the barrier metal is not limited to it but may be Cr, Ti, W, etc. instead. Also, although the film thickness of the Al
and Mo substances have been set at 100 nm or more, preferably 200 nm or more, the optimal film thickness may be
adjusted appropriately corresponding to the film formation conditions including sputtering etc.

Fourth Embodiment

[0072] The following will describe the transflective LCD manufacturing method according to the fourth embodiment
of the present invention with reference to FIGS. 11-13. FIGS. 11 and FIGS. 12 are cross-sectional flow diagrams for
showing a transflective type LCD manufacturing method related to a fourth embodiment of the present invention, and
FIGS. 13 are the cross-sectional flow diagrams for showing the method for forming the irregularity film. The present
embodiment gives a specific manufacturing method which enables G-D conversion to prevent short-circuiting of a leader
wiring owing to a conductive seal in addition to taking into account the conditions described with the above-mentioned
embodiments. The method is described with reference to these figures.

[0073] First, as shown in FIG. 11A, metal such as Cr is deposited on the transparent insulation substrate 8 made of
glass and patterned with publicly known photolithography and etching technologies to form the gate line, the gate
electrode 1a, the common storage line, and the auxiliary capacitance electrode 4a. Then, a semiconductor layer made
of a-Si etc. is deposited via the gate insulation layer film 9 made of SiO,, SiNx, SiON, etc. and patterned into islands,
on which metal such as Cr is in turn deposited and patterned to form the data line, the drain electrode 2a, the source
electrode 2b, and the capacitance accumulation electrode 2c.

[0074] Next, as shown in FIG. 11B, the passivation film 10 made of SiNx etc. for protecting the TFT 3 is formed with
plasma-enhanced CVD, after which the gate insulation film 9 and the passivation film 10 at the G-D conversion portion
and the terminal portions are partially removed to form a contact hole. Then, a conductive material made of ITO, Al, etc.
is deposited to form a terminal electrode 23 and a G-D conversion electrode 22 for interconnecting the drain and gate
layers at the G-D conversion portion.

[0075] Next, as shown in FIG. 11C, to form irregularities of the reflection electrode film 6 on the passivation film 10 to
improve visibility of reflection light, an irregular film 11 is formed. This irregular film 11 is formed by applying photo-
sensitive acrylic resin, for example, PC403, 415G, 405G, etc. made by JSR Co. using spin coating. Furthermore, the
photo-sensitive acrylic resin is under-exposed with a little smaller quantity of exposure in an expected recess region of
the irregularities, not exposed on an expected protrusion region of them, and exposed with a sufficient quantity of
exposure in the expected contact hole region.

[0076] To enable such exposure, a half-tone (gray tone) mask can be used on which a reflection film is formed at a
portion which corresponds to the expected protrusion region, a transmission mask is formed at a portion which corre-
sponds to the expected contact hole region, and a transflective film is formed at a portion which corresponds to the
expected recess region, thus requiring exposing only once to form the irregularities. In this case, even an ordinary mask
comprised of only reflection/transmission films can be used to form the irregularities by exposing the expected contact
hole and recess regions separately with different exposure quantities.

[0077] Next, an alkali developer is used to form the irregularities by utilizing a difference in dissolving rate in an alkali
solution of the expected recess, protrusion, and contact hole regions. Note here that by the present invention, in order
to form the irregular film 11 even in the transmission region, the acrylic film is decolorized by exposing the overall surface
to suppress transmission light from being attenuated by the irregular mask 11. Then, the surface is cured, for example,
at 220°C for one hour to form the irregular film 11 having a desired shape.

[0078] Although as mentioned above this irregular mask 11 may be formed by forming one layer of photo-sensitive
acrylic resin and then changing an exposure quantity partially, it may be formed using a plurality of photo-sensitive
acrylic resin. For example, as shown in FIG. 13A, desired irregularities can be formed by forming first layer of photo-
sensitive acrylic resin in a shape of islands, then heat treating it to form the first insulation film 11a, then applying thereon
the second insulation film 11b made of photo-sensitive acrylic resin having a predetermined value of viscosity, and then

1"



10

15

20

25

30

35

40

45

50

55

EP 2 372 438 A1

filling the gap between the islands of the first insulation film 11a.

[0079] Next, as shown in FIG. 12A, a transparent conductive film made of ITO etc. is formed by sputtering, in which
step preferably a UV application quantity is 100 mJ or less as described with the third embodiment. Then, thus formed
ITO is patterned into a predetermined shape to form the transparent electrode film 5 in the transmission region.
[0080] Next, as shown in FIG. 12B, Mo is used as barrier metal to suppress electric erosion between ITO and Al of
the reflection electrode, to form Mo and Al films which act as the barrier metal and the reflection metal respectively. In
this case, as described with the third embodiment, the Mo and Al films are formed to a thickness of 100 nm or more,
preferably 200 nm or more and also in two steps to suppress the columnar crystal from growing by sputtering. Then,
the Al/Mo films are collectively wet-etched to pattern the reflection electrode film 6. In this case, as described with the
second embodiment, to suppress the ITO edge from being etched off by the developer, preferably the positional rela-
tionship of the Al/Mo films is set so that they may overlap with each other around the overall periphery of the ITO.
[0081] Thus, this method of manufacturing the active matrix substrate makes it possible to obtain a transflective type
LCD in which the peeling of the transparent electrode film 5 and the electric erosion between the transparent electrode
film 5 and the reflection electrode film 6 can be suppressed to prevent occurrence of a defective pixel and also G-D
conversion is conducted around the outer periphery of the liquid crystal panel.

Fifth Embodiment

[0082] The following will describe the transflective type LCD and method for manufacturing the same related to the
fifth embodiment of the present invention with reference to FIGS. 14 and 15. FIGS. 14 and 15 are cross-sectional flow
diagrams for showing the transflective type LCD manufacturing method related to a fifth embodiment of the present
invention. The present embodiment has simplified the manufacturing method as compared to the fourth embodiment.
The method is described below with reference to these figures.

[0083] First, as by the above-mentioned fourthembodiment, as shownin FIG. 14A, on a transparentinsulation substrate
made of glass are sequentially formed the gate line, the gate electrode 1a, the common storage line, and the auxiliary
capacitance electrode 4a, on which are sequentially formed the gate insulation film 9, the semiconductor layer, the data
line, the drain electrode, the source electrode, and the capacitance accumulation electrode 2c. Then, after the passivation
film 10 which protects the TFT 3 is formed, the gate insulation film 9 and the passivation film 10 at the G-D conversion
portion and the terminal portion are etched off to form a contact hole.

[0084] In contrast to the fourth embodiment in which after the contact hole is formed, the conductive materials such
as ITO, Al, etc. for G-D conversion are formed as a film and patterned, the present embodiment simplifies the manu-
facturing steps by using the transparent electrode film 5 and the reflection electrode film 6 which are formed in the
subsequent steps, to interconnect the drain and gate layers of the G-D conversion portion and form the terminal electrode.
[0085] Next, as shown in FIG. 14B, the irregular film 11 is formed to form irregularities of the reflection electrode film
6. For example, the photo-sensitive acrylic resin is under-exposed with a little smaller quantity of exposure in an expected
recess region of the irregularities, not exposed on an expected protrusion region of them, and exposed with a sufficient
quantity of exposure in the expected contact hole 7 region. Then, an alkali developer is used to form the irregularities
by utilizing a difference in dissolving rate in an alkali solution of these regions. Then, the surface is thoroughly exposed
to decolorize the acrylic film and cured, for example, at 220°C for one hour to form the irregular film 11.

[0086] Next, after the surface is washed under the conditions of a UV application quantity being 100 mJ or less, as
shown in FIG. 14C, a transparent conductive film made of ITO etc. is formed by sputtering and patterned to form the
transparent electrode film 5 in the transmission region. At the same time, ITO is formed also at the terminal portion to
form the terminal electrode 23.

[0087] Next, as shown in FIG. 14D, a Mo film with a film thickness of 100 nm or more, preferably 200 nm or more,
and an Al film with a film thickness of 100 nm or more, preferably 200 nm or more, are formed consecutively. Then, the
Al/Mo films are wet-etched collectively to pattern the reflection electrode film 6. At the same time, Al/Mo films are formed
also at the G-D conversion portion to interconnect its drain and source layers.

[0088] Thus, by the above-mentioned manufacturing method, the layers of the G-D conversion portion are intercon-
nected using the reflection electrode film 6 and the terminal electrode 23 is formed using the transparent electrode film
5, so that it is possible to eliminate the step of forming and patterning the ITO film for G-D conversion etc. in contrast to
the fourth embodiment.

[0089] Although the present embodiment deposits the reflection electrode film 6 in the contact hole 7 to connect it
with the source electrode and then with the transparent electrode film 5 at the overlapping portion thereof, the contact
may not be enough only with the reflection electrode film 6 in some cases because the irregular film 11 in which the
contact hole 7 is formed has a large step. To secure the contact, the following manufacturing method may be employed.
[0090] First, as shown in FIG. 15A, on the transparent insulation substrate 8 are sequentially formed the gate line,
the gate electrode 1a, the auxiliary capacitance electrode 4a, the gate insulation film 9, the semiconductor layer, the
data line, the drain electrode 2a, the source electrode 2b, and the capacitance accumulation electrode 2c. Then, after
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the passivation film 10 which protects the TFT 3 is formed, the gate insulation film 9 and the passivation film 10 at the
G-D conversion portion and the terminal portion are etched off to form the contact hole.

[0091] Next, as showninFIG. 15B, theirregular film 11 is formed to form irregularities of a reflection plate. For example,
the photo-sensitive acrylic resin is under-exposed with a little smaller quantity of exposure in an expected recess region
of the irregularities, not exposed on an expected protrusion region of them, and exposed with a sufficient quantity of
exposure in the expected contact hole region and then, an alkali developer is used to form the irregularities by utilizing
a difference in dissolving rate in an alkali solution of these regions. Then, the surface is thoroughly exposed to decolorize
the acrylic film and cured, for example, at 220°C for one hour to form the irregular film 11.

[0092] Next, after the surface is washed under the conditions of a UV application quantity being 100 mJ or less, as
shown in FIG. 15C, a transparent conductive film made of ITO etc. is formed by sputtering and patterned to form the
transparent electrode film 5 in the transmission region and the terminal electrode 23 as well. At the same time, ITO is
deposited also in the contact hole 7 to fill with it completely or partially.

[0093] Next, as shown in FIG. 15D, the Mo film and the reflecting Al metal film each having a film thickness of 100
nm or more, preferably 200 nm or more, are formed consecutively. Then, the Al/Mo films are wet-etched collectively to
pattern the reflection electrode film 6. At the same time, the reflection electrode film 6 is formed also at the G-D conversion
portion to interconnect its drain and source layers. In this case, the transparent electrode film 5 is already deposited in
the contact hole 7, so that even if the contact hole 7 has a large aspect ratio, secure contact can be obtained between
the source electrode and the reflection electrode film 6.

[0094] Thus, by the above-mentioned manufacturing method, the contact hole provided on the source electrode 2¢
of the TFT3 continues electrically to the reflection electrode film 6 and the transparent electrode film 5 in this order, so
that contact can be secured even if the irregular film 11 is thick and the contact hole 7 has a large aspect ratio.

[0095] As mentioned above, the transflective type LCD and method for manufacturing the same according to the
present invention has the following effects.

[0096] As the first effect of the present invention, for example, the V-T characteristics of the transmission mode can
agree with those of the reflection mode to thereby improve a display quality.

[0097] The reason is that the irregular film is formed almost in the same shape everywhere on the surface of the pixel
region to thereby provide almost the same gap in both the reflection region and the transmission region mode.

[0098] Asthe second effect, itis possible to suppress electric erosion from occurring between the transparent electrode
film made of ITO etc. and the reflection electrode film made of Al etc. to thereby prevent occurrence of abnormal display.
[0099] The reason is that the reflection electrode film is formed in configuration all around the edge of the ITO film to
cover the edge with a resist for processing the reflection electrode film when the resist is formed, thus preventing the
developer from coming in contact therewith.

[0100] Furthermore, by using Mo as the barrier metal of the reflection electrode film and setting the film thickness of
the Mo and Al films at a predetermined value or more and also limiting the UV application quantity at the washing step
prior to formation of the ITO film down to a predetermined value or less, the close contact-ness of the ITO film is improved
to prevent the etchant or the developer from soaking through.

Claims

1. A method for manufacturing a transflective type LCD, in said transflective type LCD having a first substrate provided
thereon with a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular to each
other and a switching element arranged near each of intersections between said scanning lines and said signal
lines, forming a reflection region having a reflection electrode film and a transmission region having a transparent
electrode filmin each pixel surrounded by said scanning lines and said signal lines and the liquid crystal is sandwiched
at a gap between said first substrate and a second substrate which is arranged opposite to said first substrate, the
method comprising the steps of:

when forming an organic film having irregularities thereon is formed below said reflection electrode film and
said transparent electrode film to substantially the same film thickness,

forming a half-tone mask having a transmission portion, a shielding portion and a transflective portion in said
pixel portion; and

forming said irregularities and a portion where said organic film is completely removed using the said mask at
a same time.

2. A method for manufacturing a transflective type LCD, in said transflective type LCD having a first substrate provided

thereon with a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular to each
other and a switching element arranged near each of intersections between said scanning lines and said signal
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lines, forming a reflection region having a reflection electrode film and a transmission region having a transparent
electrode filmin each pixel surrounded by said scanning lines and said signal lines and the liquid crystal is sandwiched
at a gap between said first substrate and a second substrate which is arranged opposite to said first substrate, the
method comprising the steps of:

when forming an organic film having irregularities thereon is formed below said reflection electrode film and
said transparent electrode film to substantially the same film thickness,

forming a first organic film as scattered in dot;

performing predetermined heat treatment to form protrusions; and

covering moderately by a second organic film to form said predetermined irregularities.

The method for manufacturing a transflective type LCD according to claim 1, wherein when forming a window portion
for said transmission portion by removing a part of said reflection electrode film,

etching said reflection electrode film so as to overlap with said transmission electrode film by a predetermined width
around an overall periphery of said window portion as viewed from a direction of a normal line of said substrate.

The method for manufacturing a transflective type LCD according to claim 3, wherein said etching is performed so
that said width for overlapping may be about 2 um.

The method for manufacturing a transflective type LCD according to claim 1, wherein said reflection electrode film
is of a two-layer construction consisting of a barrier metal film and a reflection metal film, each of which is formed
to a film thickness of about 100 nm or more.

The method for manufacturing a transflective type LCD according to claim 1, wherein said reflection electrode film
is of a two-layer construction consisting of a barrier metal film and a reflection metal film, each of which is formed
to a film thickness of about 200 nm or more.

The Method for manufacturing a transflective type LCD according to claim 5, wherein when at least one of said
barrier metal film and said reflection metal film is formed, the metal film is once formed to a predetermined film
thickness, then washed by an alkali solution, and then formed again to a desired film thickness.

The method for manufacturing a transflective type LCD according to claim 5, wherein Mo is used as a material of
said barrier metal film and Al is used as a material of said reflection metal film.

The method for manufacturing a transflective type LCD according to claim 1, wherein at the washing step by use
of UV ray prior to formation of said transparent electrode film, an application quantity of the UV ray is limited down
to a value less than 100 mJ.

A method for manufacturing a transflective type active matrix substrate, said transflective type active matrix substrate
being provided with a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular
to each other and a switching element arranged near each of intersections between said scanning lines and said
signal lines in such a configuration that a reflection region having a reflection electrode film and a transmission
region having a transparent electrode film are formed in each pixel surrounded by said scanning lines and said
signal lines, the method comprising at least the steps of:

depositing a passivation film on a substrate on which said scanning lines, said signal lines, and said switching
elements are formed and then forming a first contact hole in a portion (G-D conversion portion) which is provided
around said substrate to lead out said signal line by means of a gate layer;

filling said first contact hole with a predetermined conductive material to connect said G-D conversion portion
therewith;

depositing an organic film to almost the same film thickness both in said transmission region and said reflection
region, then forming irregularities on the surface and also removing said organic film on a terminal of said
switching element to form a second contact hole;

forming a transparent electrode film on said organic film in said transmission region; and

forming a reflection electrode film in such a manner that said reflection electrode film may overlap with said
transparent electrode film around an overall periphery thereof by a predetermined width to interconnect said
terminal and said reflection electrode film through said second contact hole.
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11. A method for manufacturing a transflective type active matrix substrate, said transflective type active matrix substrate
being provided with a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular
to each other and a switching element arranged near each of intersections between said scanning lines and said
signal lines in such a configuration that a reflection region having a reflection electrode film and a transmission
region having a transparent electrode film are formed in each pixel surrounded by said scanning line and said signal
line, the method comprising at least the steps of:

depositing a passivation film on a substrate on which said scanning lines, said signal lines, and said switching
elements are formed and then forming a first contact hole in a portion (G-D conversion portion) which is provided
around said substrate to lead out said signal line by means of a gate layer;

depositing an organic film to almost the same film thickness both in said transmission region and said reflection
region, then forming irregularities on the surface and also removing said organic film on a terminal of said
switching element to form a second contact hole;

forming a transparent electrode film on said organic film in said transmission region and also filling said first
contact hole with said transparent electrode film to connect said G-D conversion portion therewith; and
forming a reflection electrode film in such a manner that said reflection electrode film may overlap with said
transparent electrode film around an overall periphery thereof by a predetermined width to interconnect said
terminal and said reflection electrode film through said second contact hole.

12. Amethod for manufacturing a transflective type active matrix substrate, said transflective type active matrix substrate
being provided with a plurality of scanning lines and a plurality of signal lines which are substantially perpendicular
to each other and a switching element arranged near each of intersections between said scanning lines and said
signal lines in such a configuration that a reflection region having a reflection electrode film and a transmission
region having a transparent electrode film are formed in each pixel surrounded by said scanning line and said signal
line, the method comprising at least the steps of:

depositing a passivation film on a substrate on which said scanning lines, said signal lines, and said switching
elements are formed and then forming a first contact hole in a portion (G-D conversion portion) which is provided
around said substrate to lead out said signal line by means of a gate layer;

depositing an organic film to almost the same film thickness both in said transmission region and said reflection
region, then forming irregularities on the surface and also removing said organic film on a terminal of said
switching element to form a second contact hole;

forming a transparent electrode film on said organic film in said transmission region; and

forming a reflection electrode film in such a manner that said reflection electrode film may overlap with said
transparent electrode film around an overall periphery thereof by a predetermined width, then interconnecting
said terminal and said reflection electrode film through said second contact hole and also filling said first contact
hole with said reflection electrode film to connect said G-D conversion portion therewith.

13. The method for manufacturing a transflective type active matrix substrate according to claim 12, wherein when said
transparent electrode film is formed, said second contact hole is filled with said transparent electrode film.
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