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LIQUID CRYSTAL DISPLAY DEVICE WITH
REFLECTOR HAVING ALTERNATING
RUGGED PATTERNS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a liquid crystal display device
including a light-reflector and the light-reflector, and more
particularly to a liquid crystal using an externally incident
light as a light source by reflecting the externally incident
light to a viewer by means of a light-reflector, and the light-
reflector.

2. Description of the Related Art

A liquid crystal display device is grouped into a light-
reflection type one, a light-transmission type one and a half-
light-transmission type one in accordance with a light source
thereof.

A light-transmission type liquid crystal display device
includes a light source for transmitting backlight by which an
image is displayed.

A light-reflection type liquid crystal display device
includes a light-reflector therein, which reflects en externally
incident light to a viewer. That is, the light-reflector acts as a
light source. Accordingly, unlike a light-transmission type
liquid crystal display device, a light-reflection type liquid
crystal display device does not need to have a backlight
source.

A half-light-transmission type liquid crystal display device
is comprised of a combination of the above-mentioned light-
transmission and light-reflection type liquid crystal display
devices.

A light-reflection type liquid crystal display device con-
sumes smaller power, and can be fabricated thinner and
lighter than a light-transmission type liquid crystal display
device. This is because it is possible in a light-reflection type
liquid crystal display device to use an externally incident light
as a light source by reflecting it at a light-reflector, and hence,
it is not necessary for a light-transmission type liquid crystal
display device to include a backlight source. A light-reflec-
tion type liquid crystal display device is widely used as a
display device mainly in a terminal device such as a cellular
phone.

A presently available light-reflection type liquid crystal
display device is comprised of a liquid crystal of a twisted
nematic (TN) type, a single polarizer type, a super twisted
nematic (STN) type, a guest host (GH) type, a polymer dif-
fusion liquid crystal (PDLC) type, or a cholesteric type, a
switching device for driving a liquid crystal, and a light-
reflector formed inside or outside a liquid crystal cell. A
light-reflection type liquid crystal display device typically
includes a thin film transistor (TFT) or a metal/insulator/
metal (MIM) diode as a switching device in combination with
a light-reflector, and is driven in accordance with an active
matrix driving process which can accomplish high fineness
and high image quality.

For instance, Japanese Patents Nos. 2825713 (B2) and
3012596 (B2) suggest a light-reflection type liquid crystal
display device.

In the suggested light-reflection type liquid crystal display
device, a light-reflector is formed at a surface thereof with a
rugged pattern by the steps of forming an organic insulating
film on the light-reflector, patterning the organic insulating
film by photolithography and etching to thereby form isolated
raised portions, forming an interlayer insulating film on the
raised portions to thereby form a smooth rugged pattern hav-
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ing mountain portions comprised of the raised portions and
valley portions comprised of portions other than the mountain
portions.

FIG. 1 is a plan view illustrating an example of a rugged
pattern formed on a conventional light-reflector.

As illustrated in F1G. 1, the illustrated rugged pattern has a
plurality of raised portions 2 each having a circular cross-
section, formed at a surface of the light-reflector 1. The raised
portions 2 are formed isolated from one another.

The conventional light-reflector 1 has a purpose of scatter-
ing an incident light to some degree, and then, reflecting the
scattered incident light. Hence, the scattered incident light is
reflected almost uniformly such that the reflected light forms
a cone.

FIG. 2 illustrates a relation between an incident light Li and
a light Lr reflected at the light-reflector illustrated in FIG. 1.

As illustrated in FIG. 2, an incident light Li (for instance, a
light emitted from a fluorescent lamp or a sunlight) entering a
light-reflection type liquid crystal display device in a direc-
tion in which a viewer watches a display screen of the light-
reflection type liquid crystal display device is reflected at the
light-reflector 1, and is diffused almost uniformly in every
direction as a reflected light Lr.

The light-reflector 1 having a rugged pattern comprised of
the raised portions 2 each having a circular cross-section
generally receives an intensive direct light in a particular
direction such as a light emitted from a fluorescent lamp in a
room. The light-reflector 1 cannot efficiently reflect a light
entering in a particular direction, towards a viewer in an
atmosphere in which the light-reflector 1 receives a weak
indirect light having been reflected from a wall, and hence, a
light-reflection type liquid crystal display device including
the light-reflector 1 cannot make efficient use of an incident
light entering the light-reflector 1. Accordingly, just a weak
light is reflected to a viewer, and thus, the viewer feels that a
display screen of a light-reflection type liquid crystal display
device including the light-reflector 1 is dark.

In dependence on a shape of a rugged pattern formed at a
surface of the light-reflector 1, lengths of paths along which
lights run are different from one another in accordance with a
location at which the light is reflected in the rugged pattern As
a result, a tone would be remarkably varied due to interfer-
ence caused by a difference among the above-mentioned
lengths of paths, in dependence on an angle formed among a
viewer, the light-reflector, and an incident light. This deterio-
rates display performance of a color liquid crystal display
device.

In order to solve such a problem as mentioned above, the
assignee of the present invention has suggested a light-reflec-
tor and a light-reflection type liquid crystal display device
including the same in Japanese Unexamined Patent Publica-
tion 2002-258272 (A) published on Sep. 11, 2002. The sug-
gested light-reflector can efficiently reflect a light towards a
viewer.

The suggested light-reflector and light-reflection type lig-
uid crystal display device including the same are explained
hereinbelow. However, it should be noted that the explanation
made hereinbelow does not mean that the applicant admits
Japanese Unexamined Patent Publication 2002-258272 (A)
as statutory prior art to the present invention. The Publication
is explained only for the purpose of better understanding of
the present invention.

FIG. 3 is a partial cross-sectional view of the suggested
light-reflection type liquid crystal display device 10.

The suggested light-reflection type liquid crystal display
device 10 is comprised of a lower substrate 11, an opposing
substrate 12 arranged in opposing relation with the lower
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substrate 11, and a liquid crystal layer 13 sandwiched
between the lower substrate 11 and the opposing substrate 12.

The light-reflection type liquid crystal display device 10 is
of an active matrix type, and hence, includes thin film tran-
sistors (TFTs) in each of pixels as a switching device.

The lower substrate 11 is comprised of an electrically
insulating substrate 14, an electrically insulating protection
film 15, a thin film transistor 16, a first electrically insulating
layer 17, raised portions 18, a second electrically insulating
layer 19, and a reflection electrode 20.

The electrically insulating protection film 15 is formed on
the electrically insulating substrate 14, and the thin film tran-
sistor 16 is formed on the electrically insulating protection
film 15. The thin film transistor 16 is comprised of a gate
electrode 16a formed on the electrically insulating substrate
14, a semiconductor layer 16¢ formed on the electrically
insulating protection film 15, covering the gate electrode 16a
therewith, a drain electrode 165 formed on the electrically
insulating protection film 15, making electrical contact with
the semiconductor layer 16¢, and a source electrode 164
formed on the electrically insulating protection film 15, mak-
ing electrical contact with the semiconductor layer 16¢.

The first electrically insulating layer 17 is formed covering
the semiconductor layer 16¢, the drain electrode 165 and the
source electrode 164 therewith. The raised portions 18 are
formed on the first electrically insulating layer 17 and the
source electrode 16d. The second electrically insulating layer
19 covers the raised portions 18, the first electrically insulat-
ing layer 17 and the source electrode 164 therewith, and is
formed with a contact hole 21 therethrough which reaches the
source electrode 164.

The reflection electrode 20 is formed covering the contact
hole 21 and the second electrically insulating layer 19 there-
with. The reflection electrode 20 is electrically connected to
the source electrode 164 of the thin film transistor 16, and acts
as a light-reflector and a pixel electrode.

In a terminal region defined as a marginal region of the
lower substrate 11, a gate terminal 22 is formed on the elec-
trically insulating substrate 14, and a drain terminal 23 is
formed on the electrically insulating protection film 15 par-
tially covering the gate terminal 22 therewith.

The opposing substrate 12 is comprised of an electrically
insulating substrate 26, a color filter 25 formed on the elec-
trically insulating substrate 26, and a transparent electrode 24
formed on the color filter 25. The color filter 24 and the
transparent electrode 24 face the liquid crystal layer 13.

The incident light Li entering the light-reflection type lig-
uid crystal display device 10 through the electrically insulat-
ing substrate 26 reaches the lower substrate 11 through the
liquid crystal layer 13, and then, is reflected at the reflection
electrode 20 as the reflected light Lr. Then, the reflected light
Lr is emitted out of the light-reflection type liquid crystal
display device 10 through the liquid crystal layer 18 and the
opposing substrate 12.

FIG. 4A illustrates the incident light Li directing to the
light-reflector 1, and the reflected light Lr reflected at the
light-reflector 1 and caught by a viewer.

Herein, an incident angle Ti is defined as an angle formed
between the incident light L and a normal line of the light-
reflector 1, and a reflection angle Tr is defined as an angle
formed between the reflected light Lr and the normal line of
the light-reflector 1. Since the incident light Li is reflected at
the reflection electrode 20 formed in a rugged pattern by the
raised portions 18 and the second electrically insulating layer
19, the incident angle Ti and the reflection angle Tr are dif-
ferent from each other.
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FIG. 4B illustrates how a light reaching a point A of the
reflection electrode 20 is reflected. For simplification, only a
surface of the reflection electrode 20 and the light-reflector 1
are illustrated in FIG. 4B.

The incident light Li reaching the point A of the reflection
electrode 20 having a rugged pattern is reflected at a tangen-
tial plane at the point A, and hence, the incident light Li is
reflected in a direction symmetrical about a normal line of the
light-reflector 20 at the point A.

Assuming that an inclination angle point A is defined as an
angle formed between a tangential plane of the reflection
electrode 20 at the point A and the light-reflector 1, a profile
of the reflected light Lr is dependent on a profile of the
inclination angles 6 of a rugged pattern of the reflection
electrode 20. Accordingly, since a viewer P subjectively
evaluates a brightness of the light-reflector 1, it is important to
design a profile of the inclination angles 0 such that a viewer
P feels that a display screen is bright.

Analyzinghow a light-reflection type liquid crystal display
device is used by a user, it is understood that, in almost all
cases, a viewer P catches the reflected light Lr in such man-
ners as illustrated in FIGS. 5A and 5B. In FIG. 5A, the
incident light Li emitted from a light source S located at an
angle between 0 to —60 degrees from a normal line of the
light-reflector 1 is reflected in a direction angled from the
normal line of the light-reflector 1 between —10 and 20
degrees. InFIG. 5B, the incident light i coming in a direction
angled between —20 and 20 degrees about the point A of the
light-reflector 1is reflected in a direction angled between -20
and 20 degrees about the point A of the light-reflector 1.

By designing a rugged pattern of the light-reflector 1 to
have raised and recessed portions extending horizontally as
viewed from a viewer, it would be possible to design the
light-reflector 1 to have such a directivity that the incident
lights Li emitted from the light source S are efficiently
reflected to the viewer P as the reflected lights Lr.

FIG. 6 is a plan view of a rugged pattern formed at a surface
of the light-reflector 1.

In FIG. 6, a hatched area indicates an area in which the
raised portions 18 are formed, and hollow triangles indicate
areas in each of which a recessed portion is formed. Though
the hollow triangles indicating a recessed portion are
arranged regularly, the triangles are actually arranged irregu-
larly to a degree.

In FIG. 6, the raised portions 18 define three sides of each
of the triangles. As an alternative, a plurality of linear raised
patterns may define a closed shape such as a rectangle or an
ellipse.

FIG. 7 is a cross-sectional view of the rugged pattern illus-
trated in F1G. 6.

In FIG. 7, L indicates a distance between centers of the
adjacent raised patterns 18, W indicates a width of the raised
pattern 18, D indicates a height of the raised pattern 18, d
indicates a minimum height of the second electrically insu-
lating layer 19, and AD indicates a difference between a
maximum height of the second electrically insulating layer 19
and a minimum height of the second electrically insulating
layer 19. Since the reflection electrode 20 comprised of an
aluminum film coated on the second electrically insulating
layer 19 is extremely thin, a thickness of the reflection elec-
trode 20 is ignorable, and hence, is not illustrated in FIG. 7.

FIG. 6 illustrates the raised pattern 18 associated with a
pixel.

In the above-mentioned conventional light-reflection type
liquid crystal display device 10, the raised pattern 18 is
uniquely determined in association with a pixel, and when a



US 7,652,733 B2

5

plurality of pixels are arranged, the thus determined raised
pattern 18 is repeatedly arranged.

For instance, when three pixels 30a, 305 and 30c¢ are suc-
cessively arranged, as illustrated in FIG. 8, the raised pattern
18 illustrated in FIG. 6 is repeatedly arranged in association
with every pixel 30a, 305 and 30c.

In these days, a liquid crystal display device is required to
have high fineness. In order to accomplish high fineness in a
liquid crystal display device, a pitch of repetition of the raised
patterns 18, that is, a width of a pixel has to be as small as
possible. If a pixel is designed to have a smaller width, a width
includes the smaller number of triangles or recessed portions.

When a liquid crystal display device is used for displaying
a Black and white image in aportable device such as a cellular
phone, the liquid crystal display device is generally designed
as a light-reflection type one.

However, if a liquid crystal display device is used for
displaying colorimages inaportable device, a light-reflection
type liquid crystal display device is accompanied with a prob-
lem of shortage in a brightness. Hence, in these days, a liquid
crystal display device used for displaying color images is
designed as a half-light-transmission type one including a
first area in which an incident light is reflected and a second
area in which a back light transmits therethrough, in a single
pixel in order to compensate for shortage of brightness. Such
a half-light-transmission type liquid crystal display device
includes a backlight source for the second area, and hence,
makes it possible to display bright images even in dark atmo-
sphere.

FIG. 9 is a plan view of a half-light-transmission type
liquid crystal display device.

Similarly to the light-reflection type liquid crystal display
device illustrated in FIG. 8, the illustrated half-light-trans-
mission type liquid crystal display device includes three pix-
els 300a, 3005 and 300¢. Each of the pixels 300q, 3005 and
300¢ is designed to have a light-reflection area 301a, 3015
and 301c¢ in which a light-reflector is formed, and a light-
transmission area 302a, 3025 and 302¢ in which a light passes
therethrough, respectively. Each of the light-reflection area
301a, 8015 and 301c¢ occupies about one-third in an area of
the pixels 300a, 3005 and 300c¢, and each of the light-trans-
mission area 302a, 3025 and 302¢ occupies two-thirds in an
area of the pixels 300a, 3005 and 300c.

A rate of a light-reflection area and a light-transmission
area in a pixel is dependent on a device to be used, but, an area
occupied by a light-reflector in a pixel in a half-light-trans-
mission type liquid crystal display device is smaller than an
area occupied by a light-reflector in a pixel in a light-reflec-
tion type liquid crystal display device. Accordingly, the num-
ber of triangles or recessed portions included in a pixel in a
half-light-transmission type liquid crystal display device is
smaller than the same in a light-reflection type liquid crystal
display device.

An area of a triangle or a recessed portion is dependent on
a capacity of an apparatus for fabricating a liquid crystal
display device, such as an accuracy with which a photoresist
is exposed to a light, and hence, an area of a triangle or a
recessed portion cannot be formed too small.

As mentioned above, reduction in the number of triangles
or recessed portions to be included in a pixel, due to require-
ment to high fineness and tendency of fabrication of a liquid
crystal display device as a half-light-transmission type one,
causes aproblem of interference of the reflected lights Lr with
each other (see FIG. 2). This is because if the number of
triangles or recessed portions included in a pixel is reduced, it
would be difficult to cancel interference of the reflected lights
with each other in a pixel.
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A light-reflector is generally designed to have a pattern of
repeating a pixel, and hence, if it is not possible to cancel
interference of the reflected lights with each other in a pixel,
it would not be possible to cancel interference of the reflected
lights with each other also in a plurality of pixels. Interference
of the reflected lights Lr with each other would degrade
display performance of a liquid crystal display device.

SUMMARY OF THE INVENTION

In view of the above-mentioned problem in the conven-
tional liquid crystal display device, it is an object of the
present invention to provide a light-reflector which has a
small area in association with a pixel, but can prevent inter-
ference of reflected lights with each other.

In one aspect of the present invention, there is provided a
light-reflector used in a liquid crystal display device which
uses an externally incident light as a light source by reflecting
the externally incident light to a viewer, wherein the light-
reflector is formed at a surface thereof with a rugged pattern
comprised ofalternately formed recessed and raised portions,
and the rugged pattern is formed periodically repeatedly
every two pixels.

The light-reflector in accordance with the present invention
1s designed to have a rugged pattern repeatedly arranged over
aplurality of pixels. Accordingly, unlike a conventional liquid
crystal display device in which the same rugged pattern is
repeatedly formed in every pixel, it would be possible to seta
greater and desired pitch of repetition of a rugged pattern. As
a result, the light-reflector in accordance with the present
invention can prevent interference of reflected lights with
each other.

For instance, it is preferable that a pitch of repetition of the
rugged pattern is equal to or smaller than 0.5 mm.

For instance, the raised portion may be comprised of a
plurality of linear shapes, and the recessed portion is sur-
rounded by the raised portion to define a closed shape.

For instance, the closed shape is a triangle.

It is preferable that the rugged pattern is formed succes-
sively over at least two pixels.

There is further provided a light-reflector used in a liquid
crystal display device which uses an externally incident light
as a light source by reflecting the externally incident light to
a viewer, wherein the light-reflector is formed at a surface
thereof with a rugged pattern comprised of alternately formed
recessed and raised portions, the rugged pattern is formed
periodically repeatedly every two pixels, and a cycle of rep-
etition of the rugged pattern is equal to N wherein N is a
positive integer other than three (3).

For instance, the cycle may be set equal to two.

There is still further provided a light-reflector used in a
liquid crystal display device which uses an externally incident
light as a light source by reflecting the externally incident
light to a viewer, the liquid crystal display device including a
plurality of pixels in each of which the light-reflector is
formed, wherein N pixels are formed periodically and repeat-
edly in a first direction wherein N is an integer equal to or
greater than two, the N pixels having N colors different from
one another, M pixels are formed periodically and repeatedly
in the first direction wherein M is an integer equal to or greater
than two, each of the M pixels having a light-reflector having
M rugged patterns, and pixels arranged in the first direction
by a least common multiple (LCM) of the N and the M have
a length equal to or smaller than 0.5 mm.

A liquid crystal display device may be designed to include
the above-mentioned light-reflector to thereby using an exter-
nally incident light as a light source by reflecting the exter-
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nally incident light to a viewer. Herein, the term “a liquid
crystal display device” includes a light-reflection type one
and a half-light-transmission type one.

The advantages obtained by the aforementioned present
invention will be described hereinbelow.

Thelight-reflector in accordance with the present invention
is designed to have a rugged pattern repeatedly arranged over
aplurality of pixels. Accordingly, unlike a conventional liquid
crystal display device in which the same rugged pattern is
repeatedly formed in every pixel, it would be possible to seta
greater and desired pitch of repetition of a rugged pattern. As
a result, the light-reflector can prevent interference of
reflected lights with each other, and hence, generation of a
stripped pattern at a surface of a display screen of a liquid
crystal display device.

The above and other objects and advantageous features of
the present invention will be made apparent from the follow-
ing description made with reference to the accompanying
drawings, in which like reference characters designate the
same or similar parts throughout the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an example of a rugged pattern
formed at a surface of a conventional light-reflector.

FIG. 2 is a perspective view illustrating a relation between
an incident light Li and a light Lr reflected at the light-
reflector illustrated in FIG. 1.

FIG. 3 is a partial cross-sectional view of a conventional
light-reflection type liquid crystal display device.

FIGS. 4A and 4B show a relation between an incident light
and a reflected light.

FIGS. 5A and 5B show a positional relation among a light
source, a light-reflector and a viewer.

FIG. 6 isa plan view of a rugged pattern formed at a surface
of a conventional light-reflector.

FIG. 7 is a cross-sectional view of the rugged pattern illus-
trated in FIG. 6.

FIG. 8 is a plan view illustrating arrangement of a plurality
of light-reflectors in a light-reflection type liquid crystal dis-
play device.

FIG. 9 is a plan view illustrating arrangement of a plurality
of light-reflectors in a half-light-transmission type liquid
crystal display device.

FIG. 10 is a plan view of a light-reflector and a half-light-
transmission type liquid crystal display device including the
light-reflector, in accordance with the first embodiment of the
present invention.

FIG. 11 is a plan view of a light-reflector and a light-
reflection type liquid crystal display device including the
light-reflector, in accordance with the second embodiment of
the present invention.

FIG. 12 is a plan view of a light-reflector and a light-
reflection type liquid crystal display device including the
light-reflector, in accordance with the third embodiment of
the present invention.

FIG. 13 is a plan view of a light-reflector and a light-
reflection type liquid crystal display device including the
light-reflector, in accordance with the fourth embodiment of
the present invention.

FIGS. 14A to 14D are cross-sectional views of a liquid
crystal display device including the light-reflector in accor-
dance with any one of the first to fourth embodiments, illus-
trating respective steps of a process of fabricating the same.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Preferred embodiments in accordance with the present
invention will be explained hereinbelow with reference to
drawings.

First Embodiment

FIG. 10 is a plan view of a light-reflector 40A and a half-
light-transmission type liquid crystal display device 400A
including the light-reflector 40A, in accordance with the first
embodiment.

The half-light-transmission type liquid crystal display
device 400A includes vertically two rows and horizontally
four rows of pixels. That is, the liquid crystal display device
400A includes totally eight pixels each having a width H and
a height V. Among the eight pixels, pixels P1, P2, P3 and P4
are located at an upper row, and pixels P5, P6, P7 and P8 are
located at a lower row. The pixels P1 to P8 include light-
reflection areas R1 to R8 and light-transmission areas Q1 to
Q8, respectively. In each of the light-reflection areas R1 to
R8, there is formed a light-reflector 40A.

The light-reflector 40 A illustrated in FIG. 10 is formed at a
surface thereof with a rugged pattern, similarly to the light-
reflector 1 illustrated in FIG. 6. Specifically, the rugged pat-
tern is comprised of raised linear patterns extending in ran-
dom directions, and recessed patterns surrounded by the
raised linear patterns and defining a triangle are formed at a
surface of the light-reflector 40A.

In light-reflector 40A, a first type rugged pattern A is
formed in the pixel P1 located at the upper row, and a second
type rugged pattern B is formed in the pixel P2 located adja-
cent to the pixel P1. In addition, these first type rugged pattern
A and second type rugged pattern B are successively formed.

The first type rugged pattern A is formed in the pixel P3
located adjacent to the pixel P2, and the second type rugged
pattern B is formed in the pixel P4 located adjacent to the
pixel P3. In addition, these first type rugged pattern A and
second type rugged pattern B are successively formed.

Similarly, the first type rugged pattern A is formed in the
pixel P5 located at the lower row, and the second type rugged
pattern B is formed in the pixel P6 located adjacent to the
pixel P5. In addition, these first type rugged pattern A and
second type rugged pattern B are successively formed.

The first type rugged pattern A is formed in the pixel P7
located adjacent to the pixel P6, and the second type rugged
pattern B is formed in the pixel P8 located adjacent to the
pixel P7. In addition, these first type rugged pattern A and
second type rugged pattern B are successively formed.

As mentioned above, the light-reflector 40A used in the
half-light-transmission type liquid crystal display device
400A in accordance with the first embodiment is designed to
have the same rugged pattern repeatedly formed every adja-
cent two pixels. Specifically, a combination of the rugged
patterns A and B is formed every two pixels, and the rugged
patterns A and B are successive to each other.

By merely repeatedly forming a combination of the rugged
patterns A and B, it would be possible to cancel interference
of reflected lights with each other, in the two pixels. For
instance, repetition of a combination of the rugged patterns A
and B makes it easier to cancel interference of reflected lights
with each other than repetition only of the rugged pattern A or
B. In addition, successive formation of the rugged patterns A
and B would make it further easier to cancel of interference of
reflected lights with each other.
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Second Embodiment

FIG. 11 is a plan view of a light-reflector 40B and a light-
reflection type liquid crystal display device 400B including
the light-reflector 40B, in accordance with the second
embodiment.

Similarly to the half-light-transmission type liquid crystal
display device 400A in accordance with the first embodiment,
the light-reflection type liquid crystal display device 400B
includes vertically two rows and horizontally four rows of
pixels. That s, the liquid crystal display device 400B includes
totally eight pixels each having a width H and a height V.
Among the eight pixels, pixels P1, P2, P3 and P4 are located
at an upper row, and pixels P5, P6, P7 and P8 are located at a
lower row. The light-reflection type liquid crystal display
device 400B includes only light-reflection areas in each of
which there is formed a light-reflector 40B.

Similarly to the light-reflector 40A, the light-reflector 40B
illustrated in FIG. 11 is formed at a surface thereof with a
rugged pattern, Specifically, the rugged pattern is comprised
of raised linear patterns extending in random directions, and
recessed patterns surrounded by the raised linear patterns and

defining a triangle are formed at a surface of the light-reflector
40B.

In light-reflector 40B, a first type rugged pattern A is
formed in the pixel P1 located at the upper row, and a second
type rugged pattern B is formed in the pixel P2 located adja-
cent to the pixel P1. In addition, these first type rugged pattern
A and second type rugged pattern B are successively formed.

The first type rugged pattern A is formed in the pixel P3
located adjacent to the pixel P2, and the second type rugged
pattern B is formed in the pixel P4 located adjacent to the
pixel P3. In addition, these first type rugged pattern A and
second type rugged pattern B are successively formed.

Similarly, the second type rugged pattern B is formed in the
pixel P5 located at the lower row, and the first type rugged
pattern A is formed in the pixel P6 located adjacent to the
pixel P5. In addition, these second type rugged pattern B and
first type rugged pattern A are successively formed.

The second type rugged pattern B is formed in the pixel P7
located adjacent to the pixel P6, and the first type rugged
pattern A is formed in the pixel P8 located adjacent to the
pixel P7. In addition, these second type rugged pattern B and
first type rugged pattern A are successively formed.

In addition, the first type rugged pattern A in the pixel P1
and the second type rugged pattern B in the pixel P5 are
successively formed.

Similarly, the second type rugged pattern B in the pixel P2
and the first type rugged pattern A in the pixel P6 are succes-
sively formed. The first type rugged pattern A in the pixel P3
and the second type rugged pattern B in the pixel P7 are
successively formed. The second type rugged pattern B in the
pixel P4 and the first type rugged pattern A in the pixel P8 are
successively formed.

In the light-reflector 40A used in the half-light-transmis-
sion type liquid crystal display device 400A in accordance
with the first embodiment, the same rugged pattern is repeat-
edly formed only in a single direction, specifically, horizon-
tally, every two pixels located adjacent to each other. In con-
trast, in the light-reflector 40B in the second embodiment, the
same rugged pattern A+B or B+A is repeatedly formed in two
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directions, specifically, both horizontally and vertically,
every two pixels located adjacent to each other.

Third Embodiment

FIG. 12 is a plan view of a light-reflector 40C and a light-
reflection type liquid crystal display device 400C including
the light-reflector 40C, in accordance with the third embodi-
ment.

The light-reflection type liquid crystal display device 400C
includes vertically two rows and horizontally eight rows of
pixels. That s, theliquid crystal display device 400C includes
totally sixteen pixels each having a width H and a height V.
Among the sixteen pixels, pixels P1, P2, P3, P4, P5, P6, P7
and P8 are located at an upper row, and pixels P9, P10, P11,
P12, P13, P14, P15 and P16 are located at a lower row. The
light-reflection type liquid crystal display device 400C
includes only light-reflection areas in each of which there is
formed a light-reflector 40C.

Similarly to thelight-reflector 40A in the firstembodiment,
the light-reflector 40C illustrated in FIG. 12 is formed at a
surface thereof with a rugged pattern. Specifically, the rugged
pattern is comprised of raised linear patterns extending in
random directions, and recessed patterns surrounded by the
raised linear patterns and defining a triangle are formed at a
surface of the light-reflector 40C.

In light-reflector 40C, a first type rugged pattern Al is
formed in the pixel P1 located at the upper row, a second type
rugged pattern B1 is formed in the pixel P2 located adjacent
to the pixel P1, a third type rugged pattern C1 is formed in the
pixel P3 located adjacent to the pixel P2, and a fourth type
rugged pattern D1 is formed in the pixel P4 located adjacent
to the pixel P3. In addition, these first to fourth type rugged
patterns A1, B1, C1 and D1 are successively formed.

The first type rugged pattern Al is formed in the pixel P53
located adjacent to the pixel P4, the second type rugged
pattern B1 is formed in the pixel P6 located adjacent to the
pixel P5, the third type rugged pattern C1 is formed in the
pixel P7 located adjacent to the pixel P6, and the fourth type
rugged pattern D1 is formed in the pixel P8 located adjacent
to the pixel P7. In addition, these first to fourth type rugged
patterns Al, B1, C1 and D1 are successively formed.

Similarly, a fifth type rugged pattern A2 is formed in the
pixel P9 located at the lower row, a sixth type rugged pattern
B2 is formed in the pixel P10 located adjacent to the pixel P9,
a seventh type rugged pattern C2 is formed in the pixel P11
located adjacent to the pixel P10, and an eighth type rugged
pattern D2 is formed in the pixel P12 located adjacent to the
pixel P11. In addition, these fifth to eighth type rugged pat-
terns A2, B2, C2 and D2 are successively formed.

The fifth type rugged pattern A2 is formed in the pixel P13
located adjacent to the pixel P12, the sixth type rugged pattern
B2 is formed in the pixel P14 located adjacent to the pixel
P13, the seventh type rugged pattern C2 is formed in the pixel
P15 located adjacent to the pixel P14, and the eighth type
rugged pattern D2 is formed in the pixel P16 located adjacent
to the pixel P15. In addition, these fifth to eighth type rugged
patterns A2, B2, C2 and D2 are successively formed.

In the light-reflector 40C used in the light-reflection type
liquid crystal display device 400C in accordance with the
third embodiment, the same rugged pattern is repeatedly
formed in the upper row every four pixels located in series.
Specifically, the rugged pattern (A1+B1+C1+D1) is repeat-
edly formed every four pixels located in series.

Similarly, the same rugged pattern is repeatedly formed in
the lower row every four pixels located in series. Specifically,
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the rugged pattern (A2+B2+C2+D2) is repeatedly formed
every four pixels located in series.

The first to fourth type rugged patterns Al, B1, C1 and D1
may be formed in the lower pixels P9, P10, P11 and P12
and/or P13, P14, P15 and P16, similarly to the upper pixels P1
to P8.

Fourth Embodiment

FIG. 13 is a plan view of a light-reflector 40D and a light-
reflection type liquid crystal display device 400D including
the light-reflector 40D, in accordance with the fourth embodi-
ment.

The light-reflection type liquid crystal display device 400D
includes vertically four rows and horizontally eight rows of
pixels. That s, the liquid crystal display device 400D includes
totally thirty-two pixels each having a width H and a height V.
Among the thirty-two pixels, pixels P1, P2, P3, P4, P5, P6, P7
and P8 are located at an uppermost row, pixels P9, P10, P11,
P12, P13, P14, P15 and P16 are located at a second row
immediately below the uppermost row, pixels P17, P18, P19,
P20, P21, P22, P23 and P24 are located at a third row imme-
diately below the second row, and pixels P25, P26, P27, P28,
P29, P30, P31 and P32 are located at a lowermost row imme-
diately below the third row. The light-reflection type liquid
crystal display device 400D includes only light-reflection
areas in each of which there is formed a light-reflector 40D.

Similarly to the light-reflector 40A in the first embodiment,
the light-reflector 40D illustrated in FIG. 13 is formed at a
surface thereof with a rugged pattern. Specifically, the rugged
pattern is comprised of raised linear patterns extending in
random directions, and recessed patterns surrounded by the
raised linear patterns and defining a triangle are formed at a
surface of the light-reflector 40D.

In light-reflector 40D, a first type rugged pattern Al is
formed in the pixel P1 located at the uppermost row, a second
type rugged pattern Bl is formed in the pixel P2 located
adjacent to the pixel P1, a third type rugged pattern C1 is
formed in the pixel P3 located adjacent to the pixel P2, and a
fourth type rugged pattern D1 is formed in the pixel P4
located adjacent to the pixel P3. In addition, these first to
fourth type rugged patterns Al, B1, C1 and D1 are succes-
sively formed.

The first type rugged pattern Al is formed in the pixel P5
located adjacent to the pixel P4, the second type rugged
pattern B1 is formed in the pixel P6 located adjacent to the
pixel P5, the third type rugged pattern C1 is formed in the
pixel P7 located adjacent to the pixel P6, and the fourth type
rugged pattern D1 is formed in the pixel P8 located adjacent
to the pixel P7. In addition, these first to fourth type rugged
patterns A1, B1, C1 and D1 are successively formed.

The second type rugged pattern B1 is formed in the pixel
P9 located at the second row, the third type rugged pattern C1
is formed in the pixel P10 located adjacent to the pixel P9, the
fourth type rugged pattern D1 is formed in the pixel P11
located adjacent to the pixel P10, and the first type rugged
pattern Al is formed in the pixel P12 located adjacent to the
pixel P11. In addition, these second to first type rugged pat-
terns B1, C1 D1 and Al are successively formed.

The second type rugged pattern B1 is formed in the pixel
P13 located adjacent to the pixel P12, the third type rugged
pattern C1 is formed in the pixel P14 located adjacent to the
pixel P13, the fourth type rugged pattern D1 is formed in the
pixel P15 located adjacent to the pixel P14, and the first type
rugged pattern Al is formed in the pixel P16 located adjacent
to the pixel P15. In addition, these second to first type rugged
patterns 13, C1 D1 and Al are successively formed.
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The third type rugged pattern C1 is formed in the pixel P17
located at the third row, the fourth type rugged pattern D1 is
formed in the pixel P18 located adjacent to the pixel P17, the
first type rugged pattern A1 is formed in the pixel P19 located
adjacent to the pixel P18, and the second type rugged pattern
B1 is formed in the pixel P20 located adjacent to the pixel
P19. In addition, these third to second type rugged patterns C1
D1 Al and B1 are successively formed.

The third type rugged pattern C1 is formed in the pixel P21
located adjacent to the pixel P20, the fourth type rugged
pattern D1 is formed in the pixel P22 located adjacent to the
pixel P21, the first type rugged pattern Al is formed in the
pixel P23 located adjacent to the pixel P22, and the second
type rugged pattern B1 is formed in the pixel P24 located
adjacent to the pixel P23. In addition, these third to second
type rugged patterns C1 D1 Al and B1 are successively
formed.

The fourth type rugged pattern D1 is formed in the pixel
P25 located at the lowermost row, the first type rugged pattern
Al is formed in the pixel P26 located adjacent to the pixel
P25, the second type rugged pattern B1 is formed in the pixel
P27 located adjacent to the pixel P26, and the third type
rugged pattern C1 is formed in the pixel P28 located adjacent
to the pixel P27. In addition, these fourth to third type rugged
patterns D1 A1 B1 and C1 are successively formed.

The fourth type rugged pattern D1 is formed in the pixel
P29 located adjacent to the pixel P28, the first type rugged
pattern A1 is formed in the pixel P30 located adjacent to the
pixel P29, the second type rugged pattern B1 is formed in the
pixel P31 located adjacent to the pixel P30, and the third type
rugged pattern C1 is formed in the pixel P32 located adjacent
to the pixel P31. In addition, these fourth to third type rugged
patterns D1 A1 B1 and C1 are successively formed.

In the light-reflector 40D used in the light-reflection type
liquid crystal display device 400D in accordance with the
fourth embodiment, the same rugged pattern is repeatedly
formed in the uppermost, second, third and lowermost rows
every four pixels located in series. Specifically, the rugged
pattern (A1+B1+C1+D1) is repeatedly formed in the upper-
most row every four pixels located in series. Similarly, the
rugged pattern (B1+C1+D1+A1) is repeatedly formed in the
second row every four pixels located in series, the rugged
pattern (C1+D1+A1+B1) is repeatedly formed in the third
row every four pixels located in series, and the rugged pattern
(D1+A1+B1+C1) is repeatedly formed in the lowermost row
every four pixels located in series.

In addition, in a leftmost column of pixels, the first type
rugged pattern Al, the second type rugged pattern B1, the
third type rugged pattern C1 and the fourth type rugged pat-
tern D1 are arranged in an order starting an uppermost one
towards a lowermost one for the pixels P1, P9, P17 and P25,
respectively.

Inasecond column of pixels located to the lefimost column
of pixels, the second type rugged pattern B1, the third type
rugged pattern C1, the fourth type rugged pattern D1 and the
first type rugged pattern Al are arranged in an order starting
an uppermost one towards a lowermost one for the pixels P2,
P10, P18 and P26, respectively.

In a third column of pixels located to the second column of
pixels, the third type rugged pattern C1, the fourth type rug-
ged pattern D1, the first type rugged pattern Al and the
second type rugged pattern B1 are arranged in an order start-
ing an uppermost one towards a lowermost one for the pixels
P3, P11, P19 and P27, respectively.

In a fourth column of pixels located to the third column of
pixels, the fourth type rugged pattern D1, the first type rugged
pattern A1, the second type rugged pattern B1 and the third
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type rugged pattern C1 are arranged in an order starting an
uppermost one towards a lowermost one for the pixels P4,
P12, P20 and P28, respectively.

Similarly, the rugged patterns are arranged in fifth to eighth
columns of pixels in the same way as in the leftmost, second,
third and fourth columns, respectively.

The first to fourth type rugged patterns Al to D1 formed in
the pixels P1, P9, P17 and P25, respectively, are successively
formed. Similarly, the four type rugged patterns Al to D1
formed in the pixels arranged vertically in the columns are
successively formed.

Inthe light-reflector 40C in the third embodiment, the same
rugged pattern is repeatedly formed only in a single direction,
specifically, horizontally, every four pixels located in series.
In contrast, in the light-reflector 40D in the fourth embodi-
ment, the same rugged pattern (A1+4B1+C1+D1), (B1+C1+
D1+A1), (C1+D1+A1+B1) or (D1+A1+B1+C1) is repeat-
edly formed in two directions, specifically, both horizontally
and vertically, every four pixels located in series.

In accordance with the above-mentioned light-reflectors
40A, 40B, 40C and 40D in the first to fourth embodiments, a
rugged pattern is repeatedly formed over a plurality of pixels.
Accordingly, unlike a conventional liquid crystal display
device in which a rugged pattern is repeatedly formed in every
pixel, it would be possible to set a greater and desired pitch of
repetition of a rugged pattern. As a result, the light-reflectors
40A, 40B, 40C and 40D can prevent interference of reflected
lights with each other, which could not be solved in the
conventional light-reflector.

In the fourth embodiment, the rugged patterns Al, B1, C1
and D1 may be successively arranged horizontally, or may be
successively arranged vertically. The successively formed
pattern further prevent interference of reflected lights with
each other. As an alternative, only the patterns Al and B1 or
C1 and D1 may be successively formed.

Though the same rugged pattern is repeatedly formed over
two or four pixels in the above-mentioned light-reflectors
40A, 408, 40C and 40D in the first to fourth embodiments,
the same pattern may be repeatedly formed over three pixels,
in which case, R (red), G (green) and B (blue) pixels may be
selected as the three pixels.
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However, when a rugged pattern is repeatedly formed ever
RGB three pixels, a light-reflector has different reflectance
for each of RGB, and hence, there might be generated a
difference in chromaticity for RGB. Accordingly, it is pref-
erable that a repetition cycle of a rugged pattern is set equal to
N wherein N is an integer except three (3). That is, it is
preferable that a rugged pattern is repeatedly formed every
two, four, five or more pixels.

In the above-mentioned the light-reflectors 40A, 40B, 40C
and 40D, the raised pattern is formed in a triangle. However,
the raised pattern is not to be limited to a triangle, but may be
formed in any shape unless the shape is closed. For instance,
the raised pattern may be formed in a polygon or an ellipse.

The first embodiment relates to a half-light-transmission
type liquid crystal display device and a light-reflector to be
used therein, and the second to fourth embodiments relate to
a light-reflection type liquid crystal display device and a
light-reflector to be used therein. However, any one of the first
to fourth embodiments may be applied to a half-light-trans-
mission type liquid crystal display device and a light-reflector
to be used therein, and a light-reflection type liquid crystal
display device and a light-reflector to be used therein.

The inventors conducted the experiments as follows in
order to determine an optimal pitch in horizontal repetition of
a rugged pattern.

R, G and B pixels were horizontally formed in this order.
There were formed first to fourth light-reflectors. The first
light-reflector was formed at a surface thereof with a rugged
pattern A, the second light-reflector was formed at a surface
thereof with a rugged pattern A+B, the third light-reflector
was formed at a surface thereof with a rugged pattern A+B+C,
and the fourth light-reflector was formed at a surface thereof
with a rugged pattern A+B+C+D. Then, a repetition cycle
determined by a combination of the f, G, B pixels and the
rugged patterns was defined as the number of pixels in a
fundamental cycle, and a length of the fundamental cycle was
defined as a total length of the rugged pattern.

The inventors evaluated each one of the combinations. The
results of the evaluation is shown in Table 1.
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In Table 1, case Nos. 1 and 5 show conventional ones.

In case No. 2, a horizontal length of a pixel is set equal to
80 micrometers, and the number of different rugged patterns
is set equal to 2. Accordingly, a total length of the rugged
patterns is equal to 480 micrometers, and the number of pixels
in a fundamental cycle is equal to 6. In case No. 2, reflected
lights did not interfere with one another. In Table 1, whether
reflected lights interfered with one another is shown.

When pixels each having a light-reflector in which N pixels
having N different colors from one another are repeatedly
periodically arranged in a first direction wherein N is an
integer equal to or greater than 2, and in which M rugged
patterns different from one another are repeatedly formed
every M pixels in the first direction wherein M is an integer
equal to or greater than 2, are periodically and repeatedly
formed, the pixels are differently watched by a viewer in
dependence on a color and a rugged pattern. As a result, there
is generated a stripped pattern which is differently seen by a
viewer in the first direction at a cycle of a least common
multiple (LCM) of N and M of pixels. That is, such a stripped
pattern extends in a direction perpendicular to the first direc-
tion.

However, if a cycle is sufficiently short, a viewer cannot
watch such a stripped pattern, that is, a viewer cannot recog-
nize a stripped pattern. In the evaluation conducted by the
inventors, since the first direction was defined as a horizontal
direction, the above-mentioned stripped pattern was defined
as a vertical pattern. In Table 1, whether such a stripped
pattern was generated is shown.

In the evaluation, the number of pixels was set equal to
three (3) in association with RGB pixels.

However, it should be noted that the first direction may be
defined as a horizontal or oblique direction, and the number of
pixels may be set equal to two, four or more.

Asmentioned above, since reflectance is different for RGB
pixels, there is generated a difference in chromaticity, if the
number of different rugged patterns is equal to the number of
RGB pixels, that is, three. In Table 1, whether a difference in
chromaticity is generated, is also shown.

As a result of conducting the experiments for the seven
cases Nos. 1 to 7, the following conclusions were obtained in
view of Table 1.

(2) If the number of different rugged patterns is setequal to
or greater than two (2), reflected lights do not interfere
with each other.

(b) If a total length of rugged patterns is equal to or smaller
than 0.5 mm, a viewer cannot recognize a vertical
stripped pattern. If a total length of rugged patterns is
over 0.5 mm, a viewer can recognize a vertical stripped
pattern.

(¢) If the number of different rugged patterns is equal to the
number of RGB pixels, that is, three (3), there is gener-
ated a difference in chromaticity. If the number of dif-
ferent rugged patterns is equal to two, four or greater, a
difference in chromaticity is not generated.

With respect to the light-reflectors 40 A, 40B, 40C and 40D
in the above-mentioned first to fourth embodiments, a hori-
zontal pitch L1 of repetition of rugged patterns illustrated in
FIGS. 10 to 13 or a vertical pitch L2 of repetition of rugged
patterns illustrated in FIGS. 11 to 13 is preferably equal to
about 0.5 mm or smaller.

By using the light-reflectors 40A, 40B, 40C and 40D in the
above-mentioned first to fourth embodiments, as a light-re-
flector in a liquid crystal display device, it would be possible
to solve a problem that reflected lights interfere with each
other and there is generated a difference in chromaticity,
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which problem could not be solved in a conventional light-
reflection type liquid crystal display device.

In order to suppress generation of a vertical stripped pat-
tern, since pixels are different from one another with respect
to a horizontal length, it is preferable that a horizontal total
length of rugged patterns is set equal to or smaller than 0.5
mm.

When rugged patterns are horizontally formed, a vertical
stripped patternis generated, as mentioned above. In contrast,
it is considered that when rugged patterns are vertically
formed, a horizontal stripped pattern is generated. Hence,
when rugged patterns are vertically formed, it is preferable
that a vertical total length of rugged patterns is set equal to or
smaller than 0.5 mm.

Hereinbelow is explained a method of fabricating a light-
reflection type liquid crystal display device including one of
the light-reflectors 40A, 40B, 40C and 40D in the above-
mentioned first to fourth embodiments.

FIGS. 14A to 14D are cross-sectional views of a light-
reflection type liquid crystal display device, illustrating
respective steps of a process of fabricating the same.

First, as illustrated in FIG. 14 A, a thin film transistor (TFT)
16 is fabricated on an electrically insulating substrate 14 as a
switching device.

Specifically, a gate electrode 16a is formed on the electri-
cally insulating substrate 14, and then, an electrically insu-
lating protection film 15 is formed on the electrically insulat-
ing substrate 14, covering the gate electrode 16a therewith.
Then, on the electrically insulating protection film 15 are
formed a drain electrode 165, a semiconductor layer 16¢ and
a source electrode 164.

Then, a first electrically insulating layer 17 is formed over
the thin film transistor 16.

Then, photosensitive organic resin is coated over the first
electrically insulating layer 17. Then, the resin is exposed to
a light through a mask, and thereafter, is developed. As a
result, a plurality of raised portions 18 are formed, as illus-
trated in FIG. 14B.

Then, as illustrated in FIG. 14C, the raised portions 18
composed of the organic resin are baked, resulting in that the
raised portions 18 are rounded at theirs corners.

Then, an interlayer insulating film composed of organic
resin is coated over the raised portions 18 such that the raised
portions 18 are entirely covered with the interlayer insulating
film, and that the interlayer insulating film has a smooth
rugged surface. Then, a contact hole 21 is formed by photo-
lithography and etching such that the contact hole 21 reaches
the source electrode 164.

Then, as illustrated in FIG. 14D, the interlayer insulating
film is baked to thereby turn the interlayer insulating film into
a second electrically insulating film 19.

Then, a thin aluminum film is formed covering the contact
hole 21 and the second electrically insulating film 19 there-
with. Then, the thin aluminum film is processed by photoli-
thography and etching. As a result, there is formed a reflection
electrode (see FIG. 3) composed of aluminum.

The thus formed reflection electrode 20 has the same struc-
ture as that of the light-reflector 40A, 4013, 40C or 40D used
in the half light-transmission type liquid crystal display
device 400A, the light-reflection type liquid crystal display
device 400B, 400C or 400D, illustrated in FIGS. 10 to 18,
respectively.

While the present invention has been described in connec-
tion with certain preferred embodiments, it is to be under-
stood that the subject matter encompassed by way of the
present invention is not to be limited to those specific embodi-
ments. On the contrary, it is intended for the subject matter of
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the invention to include all alternatives, modifications and
equivalents as can be included within the spirit and scope of
the following claims.
The entire disclosure of Japanese Patent Application No.
2001-843533 filed on Nov. 8, 2001 including specification,
claims, drawings and summary is incorporated herein by
reference in its entirety.
What is claimed is:
1. A light-reflector for use in a liquid crystal display device
which uses externally incident light as a light source by
reflecting the externally incident light to a viewer and which
includes a plurality of rows of pixels, each row including a
plurality of pixels,
wherein each of the plurality of pixels comprises a plurality
of pixel areas, the light reflector comprising a plurality
of light reflector portions, said light reflector portions
being formed inone ofthe plurality of pixel areas of each
of said pixels,
wherein the light-reflector includes a plurality of thin film
transistor switching devices each corresponding to one
of the light reflector portions in the plurality of pixels,

wherein each light reflector portion is formed with a rug-
ged pattern, including an alternating pattern of N pixel
pattern areas, each pixel pattern area of the alternating
pattern of N pixel pattern areas positioned to overlie a
respective one pixel of said plurality of pixels of said
plurality of rows of pixels of the liquid crystal display
device, each of the N pixel pattern areas of the alternat-
ing pattern being different,

wherein each pixel pattern area of the alternating pattern is

comprised of recessed and raised portions,

wherein said rugged pattern is repeated in every row of

pixel areas, and

wherein N is an integer greater than one, other than three.

2. The light-reflector as set forth in claim 1, wherein a pitch
of repetition of said rugged pattern is equal to or smaller than
0.5 mm.

3. The light-reflector as set forth in claim 1, wherein said
raised portions are comprised of a plurality of linear shapes,
and said recessed portions are surrounded by said raised
portions to define closed shapes.

4. The light-reflector as set forth in claim 3, wherein said
closed shapes include a triangle.

5. The light-reflector as set forth in claim 1, wherein N
equals two.

6. The light-reflector as set forth in claim 1, wherein N
equals four.

7. The light-reflector as set forth in claim 1, wherein each
pixel of said plurality of pixels corresponds to only one of said
plurality of pixel areas.

8. The light-reflector as set forth in claim 1, wherein each
pixel area of said plurality of pixel areas corresponds to an
entire area of each pixel of said plurality of pixels.

9. The light-reflector as set forth in claim 1, wherein said
rugged pattern corresponds to a first pixel of said plurality of
pixels, and said alternating pattern corresponds to a pixel
other than said first pixel of said plurality of pixels.

10. The light-reflector as set forth in claim 1, wherein each
of said pixel areas overlies less than an entirety of said cor-
responding plurality of pixels.

11. The light-reflector as set forth in claim 1, wherein said
rugged pattern corresponds to a first pixel of said plurality of
pixels.

12. A liquid crystal display device comprising a light-
reflector, said liquid crystal display device using externally

5

20

25

40

50

55

60

20

incident light as a light source by reflecting the externally
incident light to a viewer and including a plurality of rows of
pixels, each row including a plurality of pixels,
wherein each ofthe plurality of pixels comprises a plurality
of pixel areas, the light reflector comprising a plurality
of light reflector portions, said light reflector portions
being formed inone ofthe plurality of pixel areas of each
of said pixels,
wherein the light-reflector includes a plurality of thin film
transistor switching devices each corresponding to one
of the light reflector portions in the plurality of pixels,

wherein each light reflector portion is formed with a rug-
ged pattern, including an alternating pattern of N pixel
pattern areas, each pixel pattern area of the alternating
pattern of N pixel pattern areas positioned to overlie a
respective pixel of said plurality of pixels of said plural-
ity of rows of pixels of the liquid crystal display device,
each of the N pixel pattern areas of the alternating pat-
tern being different,

wherein the alternating pattern is comprised of recessed

and raised portions,

wherein said rugged pattern is repeated in every row of

pixel areas, and
wherein N is an integer greater than one, other than three.
13. The liquid crystal display device as set forth in claim
12, wherein a pitch of repetition of said rugged pattern is
equal to or smaller than 0.5 mm.
14. The liquid crystal display device as set forth in claim
12, wherein said raised portions are comprised of a plurality
of linear shapes, and said recessed portions are surrounded by
said raised portions to define closed shapes.
15. The liquid crystal display device as set forth in claim
14, wherein said closed shapes include a triangle.
16. The liquid crystal display device as set forth in claim
12, wherein N equals two.
17. The liquid crystal display device as set forth in claim
12, wherein N equals four.
18. A light-reflector for use in a liquid crystal display
device which uses externally incident light as a light source
by reflecting the externally incident light to a viewer and
which includes a plurality of rows of pixels, each row includ-
ing a plurality of pixels,
wherein each of the plurality of pixels comprises a plurality
of pixel areas, the light reflector comprising a plurality
of light reflector portions, said light reflector portions
being formed inone ofthe plurality of pixel areas of each
of said pixels,
wherein the light-reflector includes a plurality of thin film
transistor switching devices each corresponding to one
of the light reflector portions in the plurality of pixels,

wherein each light reflector portion is formed with a rug-
ged pattern, including an alternating pattern of N pixel
pattern areas, each pixel pattern area of the alternating
pattern of N pixel pattern areas positioned to completely
overlie arespective one pixel of said plurality of pixels of
said plurality of rows of pixels of the liquid crystal
display device, each of the N pixel pattern areas of the
alternating pattern being different,

wherein each pixel pattern area of the alternating pattern is

comprised of recessed and raised portions,

wherein said rugged pattern is repeated in every row of

pixel areas, and

wherein N is an integer greater than one, other than three.
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