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(57) Abstract: The object of the invention is to obtain a high contrast ratio and a better aperture ratio. The invention relates to a
reflective liquid crystal display device comprises: a liquid crystal layer (3); a front base layer (5) and a rear base layer (1) which are
located on both main surface sides of the liquid crystal layer; a transparent common electrode (4) supported by the front base layer
(5); and a composite layer (2) supported by the rear base layer (1), which has a function of reflecting external light from a side of the
front base layer (5) and a function of driving pixels, the composite layer (2) including electrically conductive bus-lines (22) which
are arranged in matrix and are able to apply voltages for driving the pixels. The device is characterized in that the bus-lines (22) are
formed from a material having a substantially low optical reflectivity.
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Reflective liquid crystal display device

BACKGROUND OF THE INVENTION
1.Field of the Invention

The invention relates to a liquid crystal display device, and especially relates a
reflective liquid crystal display device having at least a function of modulating and reflecting
the external light in accordance with the image to be displayed so as to make image-
displaying.
2.Description of Related Art

There is disclosed a technology to provide a transmissive liquid crystal display
device with the so-called black matrix for covering unnecessary display portions other than
the pixels in a publication of Japanese Patent Application Laid-Open No. 10548/98 (US
Patent No. 5,956,103) and the like. In the publication, a light-shielding black matrix is
provided to cover the unnecessary display portions, including two series of bus-lines (data
signal lines and gate lines) disposed orthogonally to each other and a thin film transistor
portion, so as to shield the light transmission in the area excluding pixel electrodes to hide the
unnecessary display other than display in pixels. Accordingly, those unnecessary display
portions have no influence on the image to be displayed. For example, even if the
unnecessary portion behaves bad effect e.g. as if it is in a bright state while the image caused
by the pixel (electrode) itself is in an extremely dark state (black displaying state), the bright
state will not be engaged in display so as to contribute to increase of the contrast ratio.

However, when such a black matrix is disposed on a front side substrate of the
concerned display panel, a region of the black matrix is intended to be arranged to be slightly
wider so that the black matrix is prevented from going out of the light-shielded area in
aligning the front side substrate with the rear side substrate. Therefore, such the region of the
black matrix has a shape of overlapping with the border portions of the pixel electrodes in its
plan view, which may deteriorate an aperture ratio of the display panel by the overlapping
area.

Even in the case where the black matrix is disposed on the rear side substrate

of the concerned display panel, the areas of the pixel electrodes are forcedly invaded more or
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less so as to be light-shielded reliably by the black matrix. Thus, the aperture ratio will be
reduced.

Such a black matrix technology may be also applied to a reflective type liquid
crystal display device. However, since the reflective type liquid crystal display device
basically does not have a backlight system, the function of the black matrix for the reflective
type is not so important as in the case of the transmissive type. As far as the reflective liquid
crystal display device concerns, it may be more advantageous not to have a penalty of the
aperture ratio by a scheme not to have a black matrix that may invade pixel electrodes. This
is because the reflective type display device is to display the image by means of reflecting the
external light, so the maximized reflection of the light certainly conveying the image is
inherently important, and accordingly it is a fundamental mission for the reflective type
display device to make effective use of the externally incident light for bright display.

However, in order to provide the better reflective type of liquid crystal display
devices, the aforementioned influence of the unnecessary display portions can not be ignored.
For the reflective liquid crystal display device, in the unnecessary display portions,
particularly the above-mentioned portion of the two series of bus-lines, an electric potential
difference caused between the buss-line and the opposing (common) electrode may
undesirably drive a liquid crystal portion existing there between. As a result, the contrast ratio
may be reduced, for example, the undesirably driven liquid crystal portioh may leak the light
during the black displaying so that images which should have been darkly displayed are made
brightened.

SUMMARY OF THE INVENTION

From viewpoints of the above, it is an obje;ct of the invention to provide a
reflective type liquid crystal display device which can contribute to improving the contrast
ratio.

It is another object of the invention to provide a structure suitably applied to
the reflective type liquid crystal display device which can contribute to improving the
contrast ratio without sacrificing the aperture ratio.

It is a further object of the invention to provide a reflective type liquid crystal
display device which can contribute to improving the contrast ratio as well as the aperture
ratio.

In order to achieve the aforementioned objects, a reflective liquid crystal

display device according to one aspect of the invention is a reflective liquid crystal display
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device comprising: a liquid crystal layer; a front base layer and a back base layer which are
located on both main surface sides of the liquid crystal layer; a transparent common electrode
supported by the front base layer; and a composite layer supported by the back base layer,
which has a function of reflecting external light from a side of the front base layer and a
function of driving pixels, the composite layer including electrically conductive bus-lines
which are arranged in matrix and are able to apply voltages for driving the pixels,
CHARACTERIZED in that the bus-lines are formed from a material substantially having
optical low reflectivity.

According to this aspect, even if the liquid crystal portion sandwiched by the
common electrode and the bus-line is driven unnecessarily by a voltage occurring thereacross
(driven to a light-transmissive state, for example), the bus-lines having the above-mentioned
property can absorb, transmit or scatter the incident light coming into the concerned liquid
crystal portion so that the light may not be directly reflected or may almost never be directly
reflected to the outside (the front side). Thus, there is no influence upon the black displayed
image based on the pixel electrodes located adjacently to the concerned liquid crystal portion.
As a result of this, a good black display can be obtained with no light leakage, and the
contrast ratio of the display panel can be improved.

In the above-mentioned display device, the bus-lines may be formed from a
material substantially having optical absorbency, optical transmissivity or optical scattering
property.

Besides, the composite layer may comprise pixel electrodes and such a
structure that the composite layer causes the pixel electrodes and the common electrode to
apply a voltage to the liquid crystal layer for each pixel in accordance with signals supplied
to the bus-lines. . o

Moreover, the pixel electrodes preferably have a function of reflecting external
light from a side of the front base layer.

Another aspect of the invention in order to achieve the aforementioned objects
provides a reflective liquid crystal display device comprising: a liquid crystal layer; a front
base layer and a back base layer which are located on both main surface sides of the liquid
crystal layer; a transparent common electrode supported by the front base layer; and a
composite layer supported by the back base layer, which has a function of reflecting external
light from a side of the front base layer and a function of driving pixels, the composite layer
including electrically conductive bus-lines which are arranged in matrix and are able to apply

voltages for driving the pixels, and including an insulating layer covering the bus-lines,
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CHARACTERIZED in that the insulating layer is formed from a material which does not
substantially have optical direct-reflecting property but substantially has optical non-
transmissivity.

By means of the insulating layer having the above-mentioned property, even if
the liquid crystal portion sandwiched by the common electrode and the bus-line is driven
unnecessarily by a voltage occurring thereacross (driven to a light-transmissive state, for
example), the insulating layer can absorb or scatter the incident light coming into the
concerned liquid crystal portion so that the light may not be directly reflected or may almost
never be directly reflected to the outside (the front side). Thus, there exists no influence upon
the black display image based on the pixel electrodes located adjacently to the concerned
liquid crystal portion. As a result, a good black display with no light leakage can be obtained,
and the contrast ratio of the display panel can be improved.

In the above-mentioned display device, the insulating layer may be formed
from a material substantially having optical absorbency or optical scattering property.

Besides, the composite layer may have pixel electrodes and such a structure

. that the composite layer causes the pixel electrodes and the common electrode to apply a

voltage to the liquid crystal layer for each pixel in accordance with signals supplied to the
bus-lines.

Preferably, the pixel electrodes may have a function of reflecting external light
from a side of the front base layer.

A further aspect of the invention for achieving the aforementioned objects
provides a reflective liquid crystal display device comprising: a liquid crystal layer; a front
base layer and a back base layer which are located on bgth main surface sides of the liquid
crystal layer; a transparent common electrode supportéd \by the front base layer; and a
composite layer supported by the back base layer, which has a function of reflecting external
light from a side of the front base layer and a function of driving pixels, the composite layer
including electrically conductive bus-lines which are arranged in matrix and are able to apply
voltages for driving the pixels, CHARACTERIZED in that: the display device further
comprises a coat layer stacked on the bus-lines via an insulating layer; and the coat layer is
formed from a material which does not substantially have optical direct-reflecting property
but substantially has optical non-transmissivity.

By this structure, even if the liquid crystal portion sandwiched by the common
electrode and the bus-line is driven unnecessarily by a voltage occutring thereacross (driven

to a light-transmissive state, for example), the coat layer having the above-mentioned
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property can absorb or scatter the incident light coming into the concerned liquid crystal
portion so that the light may not be directly reflected or may almost never be directly
reflected to the outside (the front side). Therefore, this structure can contribute to improving
the contrast ratio, too.

In this display device, the coat layer may be formed from a m‘aterial
substantially having optical absorbency or optical scattering property.

Besides, the composite layer may have pixel electrodes and such a structure
that the composite layer causes the pixel electrodes and the common electrode to apply a
voltage to the liquid crystal layer for each pixel in accordance with signals supplied to the
bus-lines.

Moreover, the pixel electrodes may also preferably have a function of
reflecting the external light from a side of the front base layer.

A further aspect of the invention for accomplishing the aforementioned objects
provides a reflective liquid crystal display device comprising: a liquid crystal layer; a front
base layer and a back base layer which are located on both main surface sides of the liquid
crystal layer; a transparent common electrode supported by the front base layer; and a
composite layer supported by the back base layer, which has a function of reflecting external
light from a side of the front base layer and a function of driving pixels, the composite layer
including: electrically conductive bus-lines which are arranged in matrix and are able to
apply voltages for driving the pixels; an insulating layer covering the bus-lines; and pixel
electrodes for applying a voltage to the liquid crystal layer for each pixel in accordance with
signals supplied to the bus-lines, CHARACTERIZED in that the pixel electrodes are stacked
on the bus—line via the insulating layer. o

By virtue of this, since the electric potehﬁal of the buss-line is shielded against
the liquid crystal layer by the pixel electrodes, the liquid crystal portion corresponding to the
covered bus-line portions may not behave to unfavorably influence the contrast ratio because
that portions are driven only by the concerned pixel electrodes. In addition, resultingly the
areas of the pixel electrodes can be favorably increased, which contributes to improving the
aperture ratio.

In the display device, the bus-lines may be formed from a material
substantially having optical low reflectivity.

Besides, the insulating layer may be formed from a material which does not
substantially have optical direct-reflecting property but substantially has optical non-

transmissivity.
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The display device may further comprise a coat layer stacked on the bus-line
via the insulating layer in an area of part of the bus-line, on which the pixel electrodes are not
covered, and the coat layer may be formed from a material which does not substantially have

optical direct-reflecting property but substantially has optical non-transmissivity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view schematically showing a part of the display panel
structure of a reflective liquid crystal display device in accordance with the first embodiment
of the invention;

Fig. 2 is a sectional viéw schematically showing a part of the display panel
structure of a reflective liquid crystal display device in accordance with the second
embodiment of the invention;

Fig. 3 is a sectional view schematically showing a part of the display panel
structure of a reflective liquid crystal display device in accordance with the third embodiment
of the invention;

Fig. 4 is a sectional view schematically showing a part of the display panel
structure of a reflective liquid crystal display device in accordance with the fourth
embodiment of the invention;

Fig. 5 is a plan view corresponding to the structure illustrated in Figure 4; and

Fig. 6 is a sectional view schematically showing a part of the display panel
structure of a reflective liquid crystal display device in accordance with the fifth embodiment

of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Fig. 1 schematically shows a partial sectional-structure of the display panel of
a reflective liquid crystal display device according to the first embodiment of the invention.

The display panel 100 in Fig. 1 comprises a rear side substrate 1 as one base
layer. On the substrate 1, there is provided a composite layer 2 that comprises an insulating
layer 21, a plurality of TFTs (thin film transistors), not shown, formed in association with
pixels, source and gate bus-lines 22’ to which pixel information signals and scanning line
control signals are supplied for driving the TFTs and pixel electrodes 23 which are
respectively connected to the drain electrodes of the TFTs. The display panel 100 also
comprises a liquid crystal layer 3 located above the composite layer 2. The display panel 100

further comprises a transparent front side substrate 5 as another base layer which sandwiches
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the liquid crystal layer 3 with the substrate 1. The front side substrate 5 is formed from e.g.
glass. A transparent common electrode 4 is formed all over the front side substrate 5. The
substrate 5 is provided with a color filter (not shown herein). Besides, a polarizing plate 6 is
attached to one front side principal plane of the substrate 5.

The pixel electrodes 23 are formed from a light-reflective material in this
embodiment, and have not only a function of applying voltages according to the pixels’
information to be displayed to the liquid crystal layer 3 but also a function of reflecting the
external light coming from the front side. This enables these pixel electrodes and the
corresponding liquid crystal portion to optically modulating the coming external light in
accordance with the image and to optically reflecting for displaying the modulated result on
the front side.

In this structure, the liquid crystal portion 7 between the bus-lines 22' and the
common electrode 4 may be undesirably driven by the voltage that may occur thereacross. As
a result, the contrast ratio may be deteriorated as mentioned above.

So, in this embodiment, the bus-lines 22' are formed from a material that has
electrical conductivity but has a low optical reflectivity. "Low optical reflectivity” herein
referes to low optical direct-reflecting property, that is, a property including characteristics
regarding optical absorbency, optical transmissivity and optical scattering property.

By virtue of the bus-lines having such a property, even if the liquid crystal
portion 7 is unnecessarily driven by a voltage between them sandwiching it (for example,
driven to a light-transmissive state), the bus-lines 22' absorb, transmit or scatter the light
incident on the liquid crystal portion 7 so that the incident light may not be directly reflected
or may almost never be reflected to the outside (the front side). Thus, there is no influence
upon the black displayed image based on the neighbof I;ixel electrode. As a result, a good
black display with no light leakage can be obtained, and the contrast ratio of the display panel
can be improved.

It should be noted that the insulating layer 21 in this embodiment is
transparent.

Fig. 2 shows a cross-sectional structure of a part of the display panel of a
reflective liquid crystal display device of the second embodiment according to the invention.

The difference in structure of Fig. 2 from Fig. 1 is that the insulating layer 21'
covering the bus-lines 22 is formed from a material which has no optical direct-reflecting

property but has an optical non-transmissive property while the bus-lines 22 leave formed
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from a reflective material as usual. The material property for the insulating layer 21’ herein
specifically means optical absorbency or optical scattering property.

By virtue of the insulating layer having such a property, even if the liquid
crystal portion 7 is driven unnecessarily by an voltage occurring thereacross (for example,
driven to a light-transmissive state), the insulating layer 21’ can absorb or scatter the incident
light coming into the concerned liquid crystal portion so that the incident light may not be
directly reflected or may almost never be directly reflected to the outside (the front side).
Thus, there exists no influence upon the black displayed image based on the neighbor pixel
electrodes. As a result, a good black display with no light leakage can be obtained, and
contrast ratio of the display panel can be improved.

It is noted that the reason why the property of the insulating layer 21° does not
include an optical transmission property is that if the insulating layer is transmissive and the
bus-lines are optically reflective, the external light may be allowed to enter into the bus-lines
22 due to unnecessary driving of the liquid crystal portion and then the incident external light
at the bus-lines may be reflected toward the front side, which may bring out some influence
on the display.

Fig. 3 shows a cross-sectional structure of a part of the display panel of a
reflective liquid crystal display device of the third embodiment according to the invention.

The difference in structure of Fig. 3 from Fig. 1 is that: alfhough the bus-lines
22 leave formed from a reflective material as usual, a coat layer 8 stacked on the insulating
layer 21 and covering the bus-lines 22 is formed, the coat layer being formed from a material
which does not have an optical direct—reﬂécting property and has optical non-transmissivity.
The material property for the coat layer 8 herein specifically means optical absorbency or
light scattering property. .

By virtue of the coat layer 8 having such a property, even if the liquid crystal
portion 7 is driven unnecessarily by a voltage occurring thereacross (driven to a light-
transmissive state, for example), the coat layer 8 can absorb or scatter the incident light
coming into the concerned liquid crystal portion so that the incident light may not be directly
reflected or may substantially never be directly reflected to the outside (the front side). Thus,
this structure can also contribute to improving the contrast ratio, similarly,

It is noted that the reason why the property of the coat layer 8 does not include
optical transmissivity is that: for example, if the bus-lines 22 are optically reflective and the
insulating layer 21 is optically transmissive, the external light may be allowed to enter into

the bus-lines 22 due to unnecessary driving of the liquid crystal portion, whereby the incident
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external light at the bus-lines may be reflected toward the front side and may influence the
display.

Fig. 4 shows a cross-sectional structure of a part of the display panel of a
reflective liquid crystal display device of the fourth embodiment according to the invention,
and Fig. 5 is a plan view corresponding to the structure illustrated in Fig. 4 (a cross section of
the portion broken by the line A-A in Fig. 5 is shown in Fig. 4).

The difference in structure of Fig. 4 from Fig. 1 is that: although the bus-lines
22 leave formed as usual, the pixel electrodes 23 are extended in such a manner that they step
over (straddle) and cover the bus-lines 22. Namely, as also shown in Fig. 5, the pixel
electrode 23 which is located adjacently on the right, left, front or rear side of the bus-lines
22 is formed so as to cover the bus-lines 22. Thus, in comparison with the structure of Fig, 1,
an area occupied by the pixel electrodes 23 is expanded proportionally to such stepping-over
portion.

By virtue of the pixel electrodes 23 of such formation, most of the liquid
crystal portion 7 that is unnecessarily driven as described above may disappear. Namely,
since the electric potential of the buss-lines 22 is shielded by the pixel electrodes 23 that
cover the bus-lines, the liquid crystal portion corresponding to the covered bus-line portion
may not be driven at all by the potential. Thus, the liquid crystal portion which may be
unnecessarily driven can be minimized and the contrast ratio of the display panel can be
improved.

Besides, since the liquid crystal portion corresponding to the covered bus-line
portion is driven only by the pixel electrodes, the areas of the pixel electrodes can be
resultantly increased, so that a hlgher aperture ratio can be advantageously obtained.

It should be noted that a bus-line portlon x which may not be covered by the
pixel electrodes 23 remains as shown in Fig. 5 in this embodiment. This portion x may a
portion to unnecessarily drive the corresponding liquid crystal portion. In fact, it is possible
to get an enough advantage regarding a contrast ratio and an aperture ratio even if the portion
X, remains, but a further improvement can be obtained if this embodiment is further arranged
so as to include the features described in conjunction with the other embodiments shown in
Fig. 1 through Fig. 3. In particular, improvement can be made easily and effectively by
means of adopting an insulating layer 21’ having optical absorbency or light scattering
property or of adopting an optical absorbing or light-scattering coat layer 8 stacked in

association with the portion x.
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Fig. 6 schematically shows a cross-sectional structure of a part of the display
panel of a reflective liquid crystal display device of the fifth embodiment according to the
invention.

The essential difference in structure of Fig. 6 from Fig. 1 is that the pixel
electrodes 23 are optically transmissive and a separate optical reflective layer 10 is provided
at the back side of the display panel. For this kind of structure, the rear side substrate 1’ needs
to be transparent and another polarizing plate 9 is disposed between the reflective layer 10
and the substrate 1°. This structure may be called a dual polarizing plate type of reflective
liquid crystal display device, whereas the structure shown in Figs. 1-5 may be called a single
polarizing plate type of reflective liquid crystal display device. The reflecting layer 10 should
be regarded as a part of the aforementioned composite layer 2.

The aforementioned features which are peculiar to the invention can be also
applied to this embodiment of the liquid crystal display device and the equivalent
effects/advantages can be expected as well.

Notably, it is of course that the features described in each of the

. aforementioned embodiments can be appropriately combined with each other or all together.

Besides the invention is not intended to exclude a reflective type liquid crystal
display device that comprises the so-called front-light system.

Thus, the preferable embodiments disclosed in this specification are for the
exemplary purpose and are not limitative examples. The scope of the invention is defined by
the claims, and accordingly all variations falling within the meanings of those claims should

be included in the invention.
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CLAIMS:

1. A reflective liquid crystal display device comprising:

- a liquid crystal layer;

- a front base layer and a back base layer which are located on both main
surface sides of the liquid crystal layer;

- a transparent common electrode supported by the front base layer; and

- a composite layer supported by the back base layer, which has a function of
reflecting external light from a side of the front base layer and a function of driving pixels,

- the composite layer including electrically conductive bus-lines which are
arranged in matrix and are able to apply voltages for driving the pixels,

characterized in that the bus-lines are formed from a material substantially having optical low

reflectivity.

2. The display device as defined in Claim 1, characterized in that the bus-lines
are formed from a material substantially having optical absorbency, optical transmissivity or

optical scattering property.

3. The display device as defined in Claim 1 or 2, characterized in that the
composite layer comprises pixel electrodes and such a structure that the composite layer
causes the pixel electrodes and the common electrode toapply a voltage to the liquid crystal

layer for each pixel in accordance with signals supplied to the bus-lines.

4. The display device as defined in Claim 3, characterized in that the pixel

electrodes have a function of reflecting external light from a side of the front base layer.

5. A reflective liquid crystal display device comprising:

- a liquid crystal layer;

- a front base layer and a back base layer which are located on both main
surface sides of the liquid crystal layer;

- a transparent common electrode supported by the front base layer; and
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- a composite layer supported by the back base layer, which has a function of
reflecting external light from a side of the front base layer and a function of driving pixels,
- the composite layer including electrically conductive bus-lines which are
arranged in matrix and are able to apply voltages for driving the pixels, and including an
insulating layer covering the bus-lines,

characterized in that the insulating layer is formed from a material which does not
substantially have optical direct-reflecting property but substantially has optical non-

transmissivity.

6. The display device as defined in Claim 5, characterized in that the insulating

layer is formed from a material substantially having optical absorbency or optical scattering

property.

7. The display device as defined in Claim 5 or 6, characterized in that the
composite layer has pixel electrodes and such a structure that the composite layer causes the
pixel electrodes and the common electrode to apply a voltage to the liquid crystal layer for

each pixel in accordance with signals supplied to the bus-lines.

8. The display device as defined in Claim 7, characterized in that the pixel

electrodes have a function of reflecting external light from a side of the front base layer.

9. A reflective liquid crystal display device comprising:

- ~aliquid crystal layer;

- a front base layer and a back base layer vsfhich are located on both main
surface sides of the liquid crystal layer;

- a transparent common electrode supported by the front base layer; and

- a composite layer supported by the back base layer, which has a function of
reflecting external light from a side of the front base layer and a function of driving pixels,
- the composite layer including electrically conductive bus-lines which are
arranged in matrix and are able to apply voltages for driving the pixels,

characterized in that:

- the display device further comprises a coat layer stacked on the bus-lines via

an insulating layer; and
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- the coat layer is formed from a material which does not substantially have

optical direct-reflecting property but substantially has optical non-transmissivity.

10. The display device as defined in Claim 9, characterized in that the coat layer is

formed from a material substantially having optical absorbency or optical scattering property.

11. The display device as defined in Claim 9 or 10, characterized in that the
composite layer has pixel electrodes and such a structure that the composite layer causes the
pixel electrodes and the common electrode to apply a voltage to the liquid crystal layer for

each pixel in accordance with signals supplied to the bus-lines.

12, The display device as defined in Claim 11, characterized in that the pixel

electrodes have a function of reflecting external light from a side of the front base layer.

13. A reflective liquid crystal display device comprising:

- a liquid crystal layer;

- a front base layer and a back base layer which are located on both main -
surface sides of the liquid crystal layer;

- a transparent common electrode supported by the front base layer; and

- a composite layer supported by the back base layer, which has a function of
reflecting external light from a side of the front base layer and a function of driving pixels,
- the composite layer including: electrically conductive bus-lines which are
arranged in matrix and are able to apply voltages for driving the pixels; an insulating layer
covering the bus-lines; and pixel electrodes for applying a voltage to the liquid crystal layer
for each pixel in accordance with signals supplied to the bus-lines,

characterized in that the pixel electrodes are stacked on the bus-line via the insulating layer.

14. The display device as defined in Claim 13, characterized in that the bus-lines

are formed from a material substantially having optical low reflectivity.

15. The display device as defined in Claim 13 or 14, characterized in that the
insulating layer is formed from a material which does not substantially have optical direct-

reflecting property but substantially has optical non-transmissivity.
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16. The display device as defined in Claim 13, characterized in that:
- the display device further comprises a coat layer stacked on the bus-line via

the insulating layer in an area of part of the bus-line, on which the pixel electrodes are not

covered; and
- the coat layer is formed from a material which does not substantially have

optical direct-reflecting property but substantially has optical non-transmissivity.
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