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REFLECTION-TYPE LIQUID CRYSTAL
DISPLAY APPARATUS COMPRISING A
LIGHT INTERFERENCE REFLECTOR AND
MANUFACTURING METHOD OF THE SAME

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to a reflection-type
liquid crystal display apparatus capable of full-color display.
Particularly, the present invention relates to a reflection-type
liquid crystal display apparatus capable of full-color display
without using any color filters, and to a manufacturing
method thereof.

2. Description of Related Art

As for a reflection-type liquid crystal display apparatus
capable of full-color display, various structures are well
known. FIG. 10 shows an example of a reflection-type liquid
crystal full-color display apparatus. In the example shown in
FIG. 10, a conventional reflection-type liquid crystal display
apparatus 51 is constructed by disposing a color filter 53
adapted to let only light of any one of R, G and B pass
through a pixel portion, a transparent electrode 54 made of
ITO or the like, a liquid crystal 55, and a metal electrode 56
to be used as a reflector, which are provided in this order
from the upper side in the drawing between two glass
substrate, the upper 52-1 and the lower 52-2. In an actual
case, in addition to the elements shown in FIG. 10, a
polarizer, a spacer and the like are included. But such
elements are omitted in the description because of no direct
relation to the present invention.

In the case of the foregoing conventional reflection-type
liquid crystal display apparatus, light passes through the
color filter 53 twice, i.e., at the time of coming in and going
out. Assuming that the incident light intensity is lin; outgo-
ing light intensity is Iout; transmissivity of the color filter is
53 T,; the intensity of the reflector is R,,; and a constant for
others is k, then the relation of these is expressed as follows:

Tout=kT ’R,din 1)
Since the light transmissivity T, of the single color filter 53
is low, a great reduction occurs in brightness of the
reflection-type liquid crystal display apparatus. Therefore, in
the foregoing conventional reflection-type liquid crystal
display apparatus, the quantity of light that results is
inadequate, making it impossible to have full-color display
with sufficient brightness.

In order to solve the foregoing problem, a reflection-type
liquid crystal apparatus using a color filter of two colors has
been presented. This apparatus uses, as a color filter, not
three primary colors of R, G and B but two colors of purplish
red (=red (R)+blue (B)), and green (G). The use of the two
colors instead of the three primary colors enables a trans-
mission spectrum of the color filter to be widened, which can
provide better brightness. However, the use of the two colors
instead of the three primary colors makes it impossible to
produce a full-color display. In addition, because of the use
of the color filters, although only the two colors are used, the
problem of a reduction in brightness still remains to be
solved.

As a method of using no color filters, a reflection-type
liquid crystal display apparatus of an ECB system has been
presented. This apparatus is a system adapted to display
colors by changing a voltage applied to a liquid crystal layer
to cause a change in the inclination of liquid crystal
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molecules, and detecting a resulting change in the birefrin-
gence of the liquid crystal layer by a pair of polarizers. In
other words, since the wavelength of a reflected light is
controlled by an applied voltage, the necessity of a color
filter is eliminated for providing better brightness. With this
system, however, only spectral light is emitted, and the range
of control by a voltage is narrow. Thus, only five colors of
white, black, blue, green and red can be expressed.

Japanese Patent Laid-Open No. 7-175079 discloses a
liquid crystal display apparatus, which includes a reflective
liquid crystal layer adapted to reflect only a circular polar-
ized light in the particular direction of a specified wave-
length through cholesteric liquid crystal. Accordingly, it is
possible to provide a liquid crystal display having high light
utilization efficiency and being capable of vivid display
without using any color filters or polarizers. However, there
have been problems including the inability to produce a gray
scale display and a drastic color change with a viewing
angle. Consequently, the foregoing liquid crystal display has
been used only as a fixed device.

Further, Japanese Patent Laid-Open No. 7-175079 dis-
closes a reflection-type color filter having a multilayer
interference film made of a dielectric multilayer film, and a
liquid crystal display using the same. Accordingly, it is
possible to provide a reflection-type color liquid crystal
display capable of display with brightness sufficient for a
practical purpose without using any reflectors or color
filters. However, there have been problems including much
time and labor for manufacturing the multilayer interference
film made of a dielectric multilayer film, and the difficulty of
realizing the color liquid display because of costs.

SUMMARY OF THE INVENTION

An object of the present invention is to solve the forego-
ing problems. An object of the present invention is to
provide a simply manufactured reflection-type liquid crystal
display apparatus capable of securing sufficient brightness
because of no use of color filters, also capable of gray scale
display and reducing color changes with a viewing angle,
and a manufacturing method of the same.

The invention provides a reflection-type liquid crystal
display apparatus capable of full-color display. This
reflection-type liquid crystal display apparatus comprises a
light interference reflector preferably having a grating struc-
ture and adapted as a reflector to selectively reflect light only
in a particular wavelength range by using light interference.
In this case, the light interference reflector is used, the light
interference reflector selects incident light, and the reflected
light made of only light of receptible wavelength range of R,
G and B are respective pixel portions of R, G and B.
According to the present invention, the light interference
reflector performs the function of a color filter. Thus, it is
possible to provide a reflection-type liquid crystal display
apparatus capable of securing sufficient brightness, gray
scale display and reducing color changes with a viewing
angle without using any color filters.

Furthermore, the present invention provides a manufac-
turing method of a reflection-type liquid crystal display
apparatus using a light interference reflector having a grating
structure. This method comprises the step of forming a
grating structure of a light interference reflector by means of
patterning performed by pressing a die on a surface of a
metal substrate. Accordingly, one light interference reflector
can be formed only by one patterning step performed by
pressing the die on the surface of the metal substrate once.
Therefore, the light interference reflector, that is to say the
reflection-type liquid crystal display apparatus, can be
manufactured easily.
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These and other aspects, features and advantages of the
present invention will be described or become apparent from
the following detailed description, which is to be read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For more complete understanding of the present invention
and the advantages thereof, reference is now made to the
following description taken in conjunction with the accom-
panying drawings.

FIG. 1 is view showing a constitution of an example of a
reflection-type liquid crystal display apparatus of the present
invention.

FIG. 2 is an enlarged view showing an example of a light
interference reflector of the reflection-type liquid crystal
display apparatus of the present invention.

FIG. 3 is a concept view illustrating an exemplary reason
why selective light reflection by interference occurs in the
light interference reflector of FIG. 2.

FIG. 4 is a view illustrating in more detail the concept of
selective light reflection by interference.

FIG. 5 is a view illustrating in more detail the concept of
selective light reflection by interference as in the case of
FIG. 4.

FIG. 6 is a view illustrating in more detail the concept of
selective light reflection by interference as in the case of
FIG. 4.

FIG. 7 is a view showing an exemplary condition when
the reflection-type liquid crystal display apparatus of the
present invention is used.

FIG. 8 is a view showing a constitution of another
example of a light interference reflector used for the
reflection-type liquid crystal display apparatus of the present
invention.

FIG. 9 is a view illustrating an exemplary reason why a
better viewing angle characteristic can be provided in the
example shown in FIG. 8.

FIG. 10 is a view showing a constitution of an example of
a conventional reflection-type liquid crystal display appara-
tus.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 shows an example of a reflection-type liquid
crystal display apparatus of the present invention. In the
example shown in FIG. 1, a reflection-type liquid crystal
display apparatus 1 of the present invention comprises: a
mask 3 defining a pixel portion; a transparent electrode 4
made of a material such as ITO or the like; a liquid crystal
5; and a metal electrode 6 to be used as a reflector. These
elements are disposed between two glass substrates, an
upper 2-1 and a lower 2-2, in the above order from the upper
side of the drawing.

A reflection-type liquid crystal display apparatus having
the foregoing constitution includes the following features:
no use of color filters; and use of light interference reflectors
6-1, 6-2 and 6-3 for sclectively reflecting light only in a
particular wavelength range by utilizing light interference,
which are provided to form a metal electrode 6 to be used as
a reflector. For example, in the example shown in FIG. 1, the
reflector (metal electrode) 6 is formed by arraying the light
interference reflector 6-1 for reflecting only red (R) color,
the light interference reflector 6-2 for reflecting only green
(G) color, and the light interference reflector 6-3 for reflect-
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ing only blue (B) color in this order corresponding to pixel
portions. In the example, each of the light interference
reflectors also operates as a metal electrode. Needless to say,
however, the light interference reflector and the metal elec-
trode may be separately provided. It should also be under-
stood that similar constituting members to those in the
conventional case, other than the color filter, can be used.
Moreover, in an actual case, in addition to the elements
shown in FIG. 1, other elements including a polarizer, a
spacer and the like are provided. But these members are
omitted because of no direct relation to the invention.

In the reflection-type liquid crystal display apparatus 1 of
the present invention having the foregoing constitution,
incident light is transmitted through the upper glass substrate
2-1, the transparent electrode 4 and the liquid crystal § to
enter the light interference reflectors 6-1, 6-2 and 6-3.
Reflected light having particular colors reflected by the light
interference reflectors 6-1, 6-2 and 6-3 is emitted from the
liquid crystal display apparatus 1 through the liquid crystal
5, the transparent electrode 4 and the glass substrate 2-1.
Specifically, in the example shown in FIG. 1, assuming that
pixel portions defined by the masks 3 are 7-1, 7-2 and 7-3,
reflected light of red color reflected by the light interference
reflector 6-1 for reflecting only red color is emitted as a light
of red color through the pixel portion 7-1, reflected light of
green color reflected by the light interference reflector 6-2
for reflecting only green color is emitted as light of green
color through the pixel portion 7-2, and reflected light of
blue color reflected by the light interference reflector 6-3 for
reflecting only blue color is emitted as light of blue color
through the pixel portion 7-3. Accordingly, full-color display
can be performed in the reflection-type liquid crystal display
apparatus 1 of the present invention.

As described above, the reflection-type liquid crystal
display apparatus 1 of the present invention not only enables
full-color display to be performed as in the conventional
case, but also advantageously provides brighter display
without any attenuation of incident and reflected light,
which is realized without use of color filters. Specifically, the
emitted light intensity Iout in the expression (1) given for the
conventional reflection-type liquid crystal display apparatus
51 can be represented by the following expression (2):

Tout=kR,Jdin 2)

Accordingly, the following is obtained:

Tout(inventiony/fout(conventional)=1/T.>

€]

It can be understood that the emitted light intensity from the
reflection-type liquid crystal display apparatus 1 of the
present invention is larger by 1/T_? than that of the conven-
tional case. As is known, since light attenuation is large in
the color filter, a value of 1/T.* is also large, and thus an
advantage of the reflection-type liquid crystal display appa-
ratus 1 of the present invention is apparent.

Next, descriptions will be made for the light interference
reflector 6-1 (6-2, or 6-3) of the foregoing reflection-type
liquid crystal display apparatus 1 of the present invention.
FIG. 2 is an enlarged view showing an example of the light
interference reflector 6-1 of the reflection-type liquid crystal
display apparatus 1 of the present invention. In the example
shown in FIG. 2, the interference reflector 6-1 has a grating
structure on a portion corresponding to one of pixel portions
of R, G and B, i.., the entire upper surface of the light
interference reflector 6-1 being composed of concave and
convex portions 11 and 12 has the grating structure. The
grating structure comprised of the concave and convex
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portions 11 and 12 are provided on the surface of the light
interference reflector 6-1 made of metal. By forming the
grating structure comprised of the concave and convex
portions 11 and 12 on the surface of the light interference
reflector 6-1 made of metal, and controlling the height of the
steps defined by the concave and convex portions 11 and 12,
it is possible to selectively reflect only each of wavelength
ranges of each of colors R, G and B for each pixel. As an
example, regarding a perpendicular incident light, the height
of the step is set equal to 310 nm to selectively reflect red
color light (620 nm), the height of the step is set equal to 275
nm to selectively reflect green color light (550 nm), and the
height of the step is set equal to 225 nm to selectively reflect
blue color light (450 nm).

FIG. 3 is a concept view illustrating an exemplary reason
why selective light reflection occurs by interference in the
light interference reflector described above with reference to
FIG. 2. FIG. 3 illustrates where in the light interference
reflector 6-1, the height of the step is set equal to 310 nm in
order to selectively reflect red color. In FIG. 3, as indicated
by a O mark, the reflected red color light at the lower and
upper sides of the step defined by the concave and convex
portions 11 and 12, become identical in phase to strengthen
each other. On the other hand, regarding green and blue
light, as indicated by a x mark, the reflected light at the lower
and upper sides of the step defined by the concave and
convex portions 11 and 12 are shifted from each other in
phase so as to cancel each other. Accordingly, selective light
reflection by interference occurs in the light interference
reflector of the grating structure.

Next, detailed descriptions will be made for a concept of
the foregoing selective light reflection by interference with
reference to FIGS. 4 to 6. First, as shown in FIG. 4, two
incident light rays enter at angle 6 with axes perpendicular
to the surface of the light interference reflector. One of the
light rays is reflected on the convex surface of the convex
portion 12, and the other is reflected on the bottom surface
of the concave portion 11. It is assumed herein that the
height of the step defined by the concave and convex
portions 11 and 12 is d, and the distance between the incident
position of the surface of the convex portion 12 for the entry
of one incident light and the incident position of the bottom
surface of the concave portion 11 for the entry of the other
incident light, along the surface of the light interference
reflector is w. In the example shown in FIG. 4, an optical
path difference 1 between one incident light and the other
incident light is 1=1,+1,.

Hereupon, as shown in FIG. 5, assuming that a line
(length a) connecting the incident positions at the bottom
surface of the concave portion 11 and at the upper surface of
the convex portion 12 for the entries of two incident light,
and the surface of the light interference reflector make an
angle 0, an optical path different 1, can be expressed as
follows:

I,=asin (@+0)=(>+w?)"? sin (¢p+0)

Similarly, as shown in FIG. 6, an optical path difference 1,
can be expressed as follows:

L=asin (@-0)=(d*+w*)"? sin (¢-0)

Accordingly, an optical path difference 1 can be expressed as
follows:

I=1,+1,=a{sin (p+O)+sin (¢—0)}=2asin®cosO=2a(d/a) cosO=
2dcos0
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Therefore, for example, to reflect only light having a wave-
length of 650 nm at 8=0 (perpendicular case), the following
is established:

d=650/2=325 nm

Considering the condition of an actual use of the forego-
ing reflection-type liquid crystal display apparatus 1 of the
present invention, as shown in FIG. 7, light interference
occurs when an optical path difference between light 11 and
12 entering a viewing point satisfies an interference condi-
tion. Thus, a path difference between two lights has no
relation to light interference.

In the present example, since the light 11 and 12 are
approximately 30 cm while h (w in the foregoing example)
is about 300 nm in the example shown in FIG. 7, calculation
of an interference condition can be made assuming that the
light 11 and 12 are parallel to each other without any
problem. Further, the foregoing height d of the step of the
light interference reflector varies depending on an angle 0,
which is between the incident light and the surface of the
light interference reflector. Accordingly, when the height d
of the step of the light interference reflector is actually
designed corresponding to R, G and B, the angle which
should be used as a reference is not clear. In this regard,
according to the present invention, considering that for most
instances a viewing point is located right in front of the
reflection-type liquid crystal display apparatus 1, i.e., the
angle is 0=0, d 1s calculated in the case of 6=0 for use. In this
case, a viewing angle characteristic (that is, no change
occurs in a wavelength of a visible light or color even if an
angle is changed) is a problem. However, for the use of the
reflection-type liquid crystal display apparatus 1 of the
present invention, it has been verified that a viewing angle
characteristic is not deteriorated even if the viewing angle
changes by +30 degrees.

FIG. 8 shows the constitution of another example of a
light interference reflector used for the reflection-type liquid
crystal display apparatus of the present invention. In the
example shown in FIG. 8, the bottom surface of the concave
portion 11 and the convex surface of the convex portion 12,
respectively having grating structures, are formed in circular
arc shapes protruding outward. In this example, viewing
angle characteristics improve as compared with the forego-
ing embodiment in which the bottom surface of the concave
portion 11 and the convex surface of the convex portion 12,
respectively having the grating structures, have all flat
surfaces.

FIG. 9 is a view illustrating a reason why a better viewing
angle characteristic can be provided in the example of FIG.
8. As shown in FIG. 9, consideration is now given to a case
where a grating surface having a depth d and a width w is
a circular arc with a curvature radius R. Assuming that an
angle between incident light made incident perpendicularly
to the reflector and a reflected light in this case is 0, this
angle 0 varies depending on a reflection position on the
grating surface, and its value is expressed as follows:

0=

1y is an angle between the grating surface and a surface
parallel to the reflector, and can be expressed as follows:

y=Asin (w/(2R))
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Considering red color light having a wavelength of 650 nm,
the following is established:

d=w=650 (nm)
Thus, for example, if a curvature radius R is as follows:
R=620 (nm)
then, the following is established:
8=2to 30 [deg]

Reflected light is widened in the range of O to +30 degrees
with respect to the incident light perpendicularly to the
reflector. From such a result, it can be understood that the
circular-arc formation of the grating surface improves view-
ing angle characteristic.

Next, descriptions will be made for a manufacturing
method of the reflection-type liquid erystal display apparatus
according to an aspect of the present invention. The manu-
facturing method of the reflection-type liquid crystal display
apparatus of the present invention is basically similar to that
of the conventional reflection-type liquid crystal display
apparatus, but excludes a color filter and involves use of a
light interference reflector having the foregoing constitution
as a reflector. Thus, the like manufacturing steps are omitted.
With the present invention, it is not necessary to incorporate
any color filters, but as shown in FIG. 1, the mask 3 must be
provided to define a pixel portion between the glass sub-
strate 2-1 and the transparent electrode 4. Accordingly, a
mask manufactured by removing a color striped layer of R,
G and B from the color filter layer used in the conventional
reflection-type liquid crystal display apparatus, is preferably
provided between the glass substrate 2-1 and the transparent
electrode 4. In addition, for the light interference reflector,
especially for one having a grating structure, its grating
structure can be formed by pressing a die on the surface of
a metal substrate and patterning. Three kinds of dies having
different step heights must be prepared corresponding to
individual colors of R, G and B. Once the dies are prepared,
the light interference reflector having the grating structure
can be obtained in simple steps, and thus this method is
suitably used as a technology for mass production of
reflection-type liquid crystal display apparatus.

As apparent from the foregoing, according to the present
invention, since the light interference reflector performs the
function of the color filter, the reflection-type liquid crystal
display apparatus manufactured by a simple process can
secure sufficient brightness without using any color filters,
and can perform gray scale display, and also reduce color
changes caused by the viewing angle.

Although illustrative embodiments of the present inven-
tion have been described herein with reference to the accom-
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panying drawings, it is to be understood that the present
invention is not limited to those precise embodiments, and
that various other changes and modifications may be
affected therein by one skilled in the art without departing
from the scope or spirit of the invention. All such changes
and modifications are intended to be included within the
scope of the invention as defined by the appended claims.

What is claimed is:

1. A reflection-type liquid crystal display apparatus
capable of color display, comprising:

a light interference reflector adapted to selectively reflect
light in a particular wavelength range by using light
interference, wherein the light interference reflector
selectively reflects incident light, and the selectively
reflected light in the wavelength range of R, G and B
enters into respective pixel portions of R, G and B,

wherein each of the portions of the light interference
reflector corresponding to the pixel portions of R, G
and B has a grating structure comprised of concave and
convex portions, and

wherein each bottom surface of the concave portion and
each surface of the convex portion comprising the
grating structure have a curvature protruding in a
circular-arc shape for improving a viewing angle of the
liquid crystal display apparatus.

2. The reflection-type liquid crystal display apparatus
according to claim 1, wherein each portion of the grating
structure corresponding to each of the pixel portions of R, G
and B reflects only respective light wavelength range or R,
G and B by controlling the height of steps defined by the
concave and convex portions.

3. The reflection-type liquid crystal display apparatus
according to claim 1, wherein each of the portions of the
light interference reflector corresponding to each pixel por-
tions of R, G and B is a metal electrode.

4. A manufacturing method of the reflection-type liquid
crystal display apparatus of claim 1, comprising the step of:

forming a patterned grating structure by pressing a die on
a surface of a metal substrate.

5. The reflection-type liquid crystal display apparatus
capable of color display of claim 1, further comprising:

a mask provided between a glass substrate and a trans-

parent electrode for defining each pixel portion; and

a liquid crystal material deposited between the light
interference reflector and the transparent electrode.

6. The reflection-type liquid crystal display apparatus
capable of color display of claim S, wherein the incident
light passes through the glass substrate, transparent
electrode, and liquid crystal material before striking the light
interference reflector.
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