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(57) ABSTRACT 

The present invention provides a color transflective liquid 
crystal display that is capable of display with good coloring 
and high visibility in both a reflective mode and a transmis 
Sive mode while Suppressing deterioration in color repro 
duction caused by unevenness of the Spectral properties of 
the illumination light, if any. The liquid crystal display can 
include a liquid crystal display panel including pixels 
formed of a plurality of Sub-pixels each corresponding to 
different colors, and an illumination device, wherein the 
liquid crystal display panel includes a transflective layer and 
a color filter of color corresponding to each of the Sub 
pixels. The transflective layer includes transmissive portions 
for transmitting illumination light, wherein the transmissive 
portion is formed Such that the dimension of the transmis 
Sive area corresponding to the transmissive portion of at 
least one Sub-pixel out of the plurality of Sub-pixels and the 
dimension of the transmissive area corresponding to the 
transmissive portion of another Sub-pixel, differ. 
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LIQUID CRYSTAL DISPLAY AND ELECTRONIC 
APPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of Invention 
0002 The present invention relates to a liquid crystal 
display and to electronic apparatus, and particularly relates 
to a transflective liquid crystal display capable of display 
with good coloring and high visibility in both reflective 
mode and transmissive mode, and also relates to an elec 
tronic apparatus using the same. 
0003 2. Description of Related Art 
0004 Currently, reflective liquid crystal displays are 
advantageous in that electric power consumption is low, 
Since they do not have light Sources Such as back-lights, and 
have conventionally been widely used as accessory display 
units or the like for various types of mobile electronic 
apparatus and So forth. However, reflective liquid crystal 
displays use external light, Such as natural light like Sunlight, 
or illumination light, to perform display. Accordingly, 
reflective liquid crystal displayS can Suffer from the disad 
Vantage that the display is not readily Visually recognized in 
dark situations. 

0005 Accordingly, liquid crystal displays have been pro 
posed wherein external light is used in bright situations in 
the Same manner as with Standard reflective liquid crystal 
displays, and an internal light Source Such as a back-light is 
used in dark situations So as to make the display visible. In 
other words, this liquid crystal displayS employs a display 
method Serving as both reflective type and transmissive 
type. The display method can be switched between a reflec 
tive mode and transmissive mode according to the Surround 
ing brightness, thereby enabling a clear display even in dark 
Situations while reducing electric power consumption. Thus, 
external light contributes to display in a reflection type 
display, and light emitted from an illumination device (back 
light) (this light hereafter referred to as “illumination light') 
contributes to display in a transmissive display. In the 
present Specification, this type of liquid crystal display will 
be referred to as “transflective liquid crystal display”. 
0006 A transflective liquid crystal display generally 
includes a liquid crystal display panel wherein liquid crys 
tals are Sandwiched between a pair of Substrates, and an 
illumination device provided on the opposite Side of the 
liquid crystal display panel in relation to the observation side 
for casting light on the Substrate face of the liquid crystal 
display panel. Further, a reflective layer (transflective layer) 
including a plurality of opening portions is disposed on the 
Substrate at the opposite Side of the liquid crystal display 
panel in relation to the observation Side. 
0007 Also, in recent years, advancements in mobile 
electronic apparatuses and office automation equipment has 
come to demand colorization of liquid crystal displayS. In 
many cases, colorization is requested from electronic appa 
ratuses including the above-described transflective liquid 
crystal display, as well. 
0008 AS for a color transflective liquid crystal display to 
meet these demands, a transflective liquid crystal display 
having a color filter has been proposed. Such a color 
transflective liquid crystal display with a color filter is 
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arranged Such that external light entering the liquid crystal 
display in the reflective mode passes through the color filter, 
is reflected by the reflector, and passes through the color 
filter again. Also, in the transmissive mode, light from the 
back-light also passes through the color filter. The same 
color filter is used for both the reflective mode and the 
transmissive mode. 

SUMMARY OF THE INVENTION 

0009. With the above-described color transflective liquid 
crystal displays, light passes through the color filter twice in 
the reflective mode and once in the transmissive mode, 
thereby realizing a color display as described above. 
0010. Accordingly, in the event that importance is given 
to display in the reflective mode where light passes through 
the color filter twice, for example, and accordingly a color 
filter with light colors is provided, display with good col 
oring cannot be readily obtained in the transmissive mode 
wherein the light passes through the color filter only once. 
However, in the event that, in an attempt to Solve this 
problem, importance is given to the transmissive mode 
where light passes through the color filter once, and accord 
ingly a color filter with dark colors is provided, the display 
in the reflective mode where light passes through the color 
filter twice becomes dark, and consequently Sufficient vis 
ibility cannot be obtained. Thus, with conventional color 
transflective liquid crystal displayS, it has been difficult to 
obtain a display with good coloring and high visibility both 
in the reflective mode and transmissive mode. 

0011. Also, illumination light emitted from illumination 
devices comprising LEDs (Light Emitting Diode) or cold 
cathode tubes or the like as a light Source often do not have 
uniform luminance (intensity) throughout all wavelengths in 
the visible light range. Using Such light with non-uniform 
distribution in luminance to perform transmissive display 
can result also in nonuniformity of the Spectral properties of 
light passing through the liquid crystal display panel and 
emitted towards the observation. As a result, there has been 
the problem of deterioration in color reproduction that the 
display will be bluish in the case of using illumination light 
that has higher luminance in the wavelength corresponding 
to the blue color as compared to the luminance of other 
wavelengths, for example, to perform transmissive display. 

0012. The present invention has been made in view of the 
above problems, and accordingly it is an object thereof to 
provide a color transflective liquid crystal display wherein, 
even in the event that the Spectral properties of the illumi 
nation light used for transmissive display are not uniform, 
resultant deterioration in color reproduction can be Sup 
pressed. Also, with the color transflective liquid crystal 
display employing both a reflective mode and a transmissive 
mode, display with good coloring and high visibility can be 
obtained both in the reflective mode and transmissive mode. 

0013 Also, it is an object of the present invention to 
provide an electronic apparatus including the above-de 
scribed liquid crystal display with excellent visibility. 
0014) A liquid crystal display according to the present 
invention can include a liquid crystal display panel formed 
of liquid crystals Sandwiched between a pair of Substrates 
facing each other, and further include pixels having a 
plurality of Sub-pixels each corresponding to different col 
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ors. The display can also include an illumination device 
provided to the opposite side of the liquid crystal display 
panel in relation to the observation side for illuminating the 
liquid crystal display panel with illumination light. The 
liquid crystal display also has a transflective layer disposed 
on the opposite Side of the liquid crystals in relation to the 
observation Side with a transmissive portion for transmitting 
the illumination light formed thereto, wherein the transmis 
Sive portion is formed Such that the dimension of a trans 
missive area corresponding to the transmissive portion at 
least at one Sub-pixel out of the plurality of Sub pixels, and 
the dimension of a transmissive area corresponding to the 
transmissive portion at another Sub-pixel, differ, and a color 
filter provided corresponding to each of the Sub-pixels, for 
transmitting light of a wavelength corresponding to a color 
of the sub-pixel. 
0.015 According to this liquid crystal display, the per 
centage of transmissive area of any one of the plurality of 
Sub-pixels forming the pixels is made to differ from the 
percentage of transmissive area of other Sub-pixels, thereby 
enabling the essential light transmittance of the Sub-pixels as 
to the illumination light of the illumination device to be 
arbitrarily Selected. Accordingly, even in the event that there 
are irregularities in the Spectral properties of the illumination 
light (luminance and quantity of light of the illumination 
light at each wavelength, spectral energy, etc.), the irregu 
larities of the spectral properties of the light emitted from the 
liquid crystal display panel towards the observation Side can 
be reduced by compensating for the irregularities. Further, 
the percentage of the transmissive area of Sub-pixels of one 
of the colors can be intentionally increased for a color of 
display by the liquid crystal display panel to be Selected. 

0016 Now, with the present invention, the dimension of 
the transmissive area at each Sub-pixel is preferably a 
dimension according to the Spectral properties of the illu 
mination light. Even in the event that there are irregularities 
in spectral properties of the illumination light, making the 
percentage of transmissive area at each Sub-pixel be a 
percentage according to the Spectral properties compensates 
for the irregularities, and excellent color reproduction can be 
realized. Specifically, an arrangement may be conceived 
wherein the dimension of the transmissive area at each 
Sub-pixel is a dimension according to the luminance of the 
wavelength of the illumination light corresponding to the 
color of the Sub-pixel. That is, making the dimension of the 
transmissive area at a Sub-pixel of a color corresponding to 
a wavelength of the illumination light with great luminance 
be Smaller than the dimension of the transmissive area at a 
Sub-pixel of a color corresponding to a wavelength of the 
illumination light with Small luminance, light in the illumi 
nation light with more luminance can be made to have 
relatively less luminance in the observation light. On the 
other hand, light in the illumination light with less lumi 
nance can be made to have relatively more luminance in the 
observation light. In this case, making the dimension of the 
transmissive area at each of the Sub-pixels differ for each 
Sub-pixel corresponding to a different color (i.e., Such that 
the dimension of the transmissive area is the same for 
Sub-pixels corresponding to the same color) is advantageous 
in Simplifying configuration. 

0.017. Also, a case may be conceived wherein the spectral 
properties of the illumination light differ according to the 
position within the Substrate face of the liquid crystal display 
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panel. In this case, the dimension of the transmissive area at 
each of the sub-pixels is preferably made to differ in 
configuration according to the position of the Sub-pixel 
within the Substrate face of the liquid crystal display panel. 
This arrangement allows the irregularities in spectral prop 
erties of the illumination light within the Substrate face (i.e., 
inconsistencies between the Spectral properties at one posi 
tion within the Substrate face and Spectral properties at 
another position) to be compensated, so that color repro 
duction can be more reliably improved. 

0018. Also, a configuration for the transmissive portion 
may be conceived wherein an opening portion correspond 
ing to each of the Sub-pixels is formed in the transflective 
layer. When this configuration is employed, the opening 
portion can be formed by removing by etching or the like a 
part of the transflective layer formed beforehand, and 
accordingly the manufacturing proceSS can be simplified. 
Now, an arrangement wherein one opening portion is pro 
Vided for each Sub-pixel may be conceived, but in this case, 
opening portions will be concentrated on a part of the areas 
of the Sub-pixels, which could lead to occurrence of graini 
neSS of the display. In order to Solve this problem, an 
arrangement may be conceived wherein the opening portion 
comprises opening parts of generally the same dimension 
that are formed mutually Separated for the number according 
to the dimension of the transmissive area at the Sub-pixels. 
Thus, the opening portions can be dispersed over the entirety 
of the Sub-pixel, So that occurrence of grainineSS, as 
described above, can be avoided. 

0019. Also, as a different form of the transflective layer 
in a liquid crystal display according to the present invention, 
the transflective layer may have the transmissive portion 
formed Such that an area along at least one side of a plurality 
of Sides defining each Sub pixel Serves as the transmissive 
aca. 

0020. Also, in order to achieve the above objects, the 
liquid crystal display according to the present invention, 
Serving as a transflective liquid crystal display which per 
forms displaying by Switching between a transmissive mode 
and a reflective mode, may include a liquid crystal layer 
Sandwiched between an upper Substrate and a lower Sub 
Strate facing one another, and a transflective layer which has 
a transmissive area for transmitting light, and a reflective 
area for reflecting incident light from the upper Substrate 
Side, and which is disposed on the inner Side of the lower 
substrate. The display can further include a color filter 
disposed on the upper Side of the transflective layer, upon 
which a plurality of pigment layers of different colors 
according to each of Sub-pixels forming a display area are 
arrayed, and an illumination device disposed on the outer 
Side of the lower Substrate, wherein the pigment layers are 
formed over the entirety of an area overlapping the trans 
missive area in a planar manner and an area overlapping the 
reflective area in a planar manner, and at least one color 
pigment layer is formed only at a part of an area overlapping 
the reflective area in a planar manner. The dimension of the 
pigment layer formation area, where the pigment layers are 
formed, being formed so as to be different between at least 
one color pigment layer of the plurality of pigment layers of 
differing colors, and another color pigment layer. 
0021 With such a liquid crystal display, the pigment 
layers can be formed on the entire area overlapping the 
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transmissive area in a planar manner and an area, excluding 
a part of the area, overlapping the reflective area in a planar 
manner, with a pigment layer formation area where each of 
the pigment layerS is formed, and an area where each of the 
pigment layerS is not provided at part of the area overlapping 
the reflective area (hereafter referred to as "pigment layer 
non-formation area') in a planar manner. A part of the 
incident external light entering the liquid crystal display in 
the reflective mode passes through the pigment layer non 
formation area, and the light passing through the color filter 
twice in the reflective mode is obtained as a light that 
combines uncolored light passing through the pigment layer 
non-formation area and colored light passing through the 
pigment layer formation area. 
0022. On the other hand, light incident from the back 
light and passing through the transmissive area in the 
transmissive mode all passes through pigment layer forma 
tion areas, and the light passing through the color filter once 
in the transmissive mode is all obtained as colored light. 
Thus, the difference in concentration between the light 
obtained by passing through the color filter twice in the 
reflective mode and the light obtained by passing through 
the color filter once in the transmissive mode can be 
reduced. Consequently, a color transflective liquid crystal 
display capable of display with good coloring and high 
visibility both in the reflective mode and transmissive mode, 
can be realized. 

0023 Moreover, with the liquid crystal display according 
to the present invention, the dimension of the pigment layer 
formation area is formed to be different between a pigment 
layer of at least one color out of the pigment layers and 
pigment layers of other colors, So that the color properties of 
the color filter can be adjusted by changing the dimension of 
the pigment layer formation area. Color reproduction can 
also be improved, So that a liquid crystal display with 
excellent display quality can be realized. 
0024. Also, with the above-described liquid crystal dis 
play, the pigment layers preferably can include a red layer, 
a green layer, and a blue layer, with the dimension of the 
pigment formation area preferably being formed So as to be 
Smaller for the green layer than for the red layer and blue 
layer. 
0.025 Arranging the liquid crystal display thus allows 
further improvement in color reproduction in the event that 
the pigment layers include a red layer, a green layer, and a 
blue layer, and a liquid crystal display with even more 
excellent display quality can be realized. 
0026. Also, the above-described liquid crystal display 
preferably further includes a transparent film for Smoothing 
the Step between the pigment layer formation area and the 
area where the pigment layers are not provided. 
0.027 Arranging the liquid crystal display thus can elimi 
nate adverse effects, Such as irregularities occurring in cell 
gaps that causes unevenneSS in display, due to the Step 
between the pigment layer formation area and the area 
where the pigment layers are not provided, and accordingly 
the reliability of the liquid crystal display can be improved. 
With the above-described liquid crystal display, the trans 
missive area is formed by the transflective layer being 
opened in a window-like manner. 
0028. Also, the above-described liquid crystal display 
may be configured Such that band-shaped transparent elec 
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trodes are disposed on the inner Side of the lower Substrate, 
and the transmissive area of a band shape is formed in the 
transflective layer by having the transparent electrode pat 
tern width be formed wider than the transflective layer 
pattern width. 
0029. In the above-described liquid crystal display, the 
transflective layer is preferably formed of aluminum or an 
aluminum alloy, with the pigment layer containing a blue 
layer, and the dimension of the pigment layer formation area 
being provided so as to be smaller for the blue layer than for 
the red layer. 
0030. With the liquid crystal display configured thus, the 
dimension of the pigment layer formation area is provided 
so as to be smaller for the blue layer than for the red layer, 
so that even in the event that the light reflected by the 
transflective layer is colored blue due to the transflective 
layer being formed of aluminum, the light is compensated by 
passing through the color filter twice. Thus, a liquid crystal 
display with excellent color reproduction and high display 
quality can be realized. 
0031. Also, in the above-described liquid crystal display, 
the transflective layer is preferably formed of silver or a 
Silver alloy, with the pigment layer containing a red layer 
and blue layer, and the dimension of the pigment layer 
formation area being provided So as to be Smaller for the red 
layer than for the blue layer. 
0032. With the liquid crystal display configured thus, the 
dimension of the pigment layer formation area is provided 
so as to be smaller for the red layer than for the blue layer, 
so that even in the event that the light reflected by the 
transflective layer is colored yellow due to the transflective 
layer being formed of Silver, the light is compensated by 
passing through the color filter twice. Accordingly, a liquid 
crystal display with excellent color reproduction and high 
display quality can be realized. 
0033 Also, with the above-described liquid crystal dis 
play, the color properties of the color filter are preferably 
adjusted by changing the dimension of the pigment layer 
formation area. 

0034. With such a liquid crystal display, the difference in 
color concentration between the light passing through the 
color filter twice in the reflective mode and the light passing 
through the color filter once in the transmissive mode can be 
reduced, while color reproduction is improved. Conse 
quently, a color transflective liquid crystal display capable of 
display with good colorization, high visibility, and excellent 
color reproduction both in the reflective mode and transmis 
Sive mode, can be realized. 

0035 Also, in order to achieve the above objects, the 
liquid crystal display according to the present invention, 
Serving as a transflective liquid crystal display which per 
forms displaying by Switching between a transmissive mode 
and a reflective mode, can include a liquid crystal display 
panel formed of a liquid crystal layer Sandwiched between 
a upper Substrate and lower Substrate facing each other, and 
including pixels that has a plurality of Sub-pixels each 
corresponding to different colors and form a display area, 
and an illumination device provided to the opposite side 
(outer side of the lower substrate) of the liquid crystal 
display panel in relation to the observation Side, for illumi 
nating the liquid crystal display panel with illumination 
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light. The liquid crystal display further can further include a 
transflective layer disposed on the opposite side (inner Side 
of the lower substrate) of the liquid crystal layer in relation 
to the observation side, and a color filter provided above the 
transflective layer with a plurality of pigment layers of 
different colors corresponding to each of the Sub-pixels 
arrayed thereupon, for transmitting light of a wavelength 
corresponding to the color of each Sub-pixel. In the liquid 
crystal display, a transmissive portion for transmitting the 
illumination light is formed on the transflective layer that 
has a transmissive area for transmitting light and a reflective 
area for reflecting incident light from the upper Substrate 
Side, and the transmissive portion is formed Such that the 
dimension of the transmissive area corresponding to the 
transmissive portion at least at one Sub-pixel of the plurality 
of Sub-pixels. The dimension of the transmissive area cor 
responding to the transmissive portion at another Sub-pixel, 
differ. Also, in the liquid crystal display, the pigment layers 
can be formed over the entirety of an area overlapping the 
transmissive area in a planar manner and an area overlap 
ping the reflective area in a planar manner, and at least one 
color pigment layer is formed at a part of an area overlap 
ping the reflective area in a planar manner. Further, in the 
liquid crystal display, the dimension of a pigment layer 
non-formation area where the pigment layers are not formed 
at least at one Sub-pixel of the plurality of Sub-pixels, and the 
dimension of a pigment layer non-formation area at another 
sub-pixel, differ. 

0.036 With such a liquid crystal display, the transmissive 
portion can be formed Such that the dimension of the 
transmissive area corresponding to the transmissive portion 
at least at one Sub-pixel of the plurality of Sub-pixels, and the 
dimension of the transmissive area corresponding to the 
transmissive portion at another Sub-pixel, differ Also the 
dimension of a pigment layer non-formation area where the 
pigment layers are not formed at least at one Sub-pixel of the 
plurality of Sub-pixels, and the dimension of a pigment layer 
non-formation area at another Sub-pixel, differ. 
0037 Accordingly, with such a liquid crystal display, the 
display colors and brightness are adjusted by changing the 
ratio of the transmissive area and reflective area in the 
Sub-pixels, between one of the plurality of Sub-pixels and 
another Sub-pixel. Also, the color properties of the color 
filter can be adjusted by changing the ratio of the dimension 
of the pigment layer formation area and the pigment layer 
non-formation area, between at least one color pigment layer 
of the pigment layerS and another color pigment layer, So 
that the display colors and brightness are adjusted. 

0.038. With conventional transflective liquid crystal dis 
plays, increasing the transmittance by enlarging the trans 
missive area Such that a bright display can be obtained in the 
transmissive mode, has the problem in that the reflectivity 
decreases and the display becomes dark in the reflective 
mode. Thus, it has been difficult to realize a transflective 
liquid crystal display wherein a bright display can be 
obtained in both the reflective mode and transmissive mode. 

0.039 Conversely, with the above-described liquid crystal 
display, even in the event that the transmittance is improved 
by enlarging the transmissive area for a bright display to be 
obtained in the transmissive mode and that the reflective 
area becomes Small, Sufficient reflectivity for a bright dis 
play in the reflective mode can be obtained by enlarging the 
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dimension of the pigment layer non-formation area. Thus, a 
problem does not occur that the display becomes dark in the 
reflective mode. 

0040 Thus, according to the above-described liquid crys 
tal display, the brightness can be effectively adjusted, and a 
bright display can be achieved whether in the reflective 
mode or the transmissive mode. 

0041 Further, with Such a liquid crystal display, the 
display colors can be adjusted by changing the ratio of the 
transmissive area and reflective area in the Sub-pixels. Also, 
the display colors can be adjusted by changing the ratio of 
the dimension of the pigment layer formation area and the 
pigment layer non-formation area for each of the pigment 
layers to adjust the color properties of the color filter. 
Accordingly, the display colors can be effectively adjusted, 
and extremely excellent color reproduction can be obtained. 
0042 Moreover, the above-described liquid crystal dis 
play can include a pigment layer formation area and pigment 
layer non-formation area, So that the difference in concen 
tration of color between the light passing through the color 
filter twice in the reflective mode and the light passing 
through the color filter once in the transmissive mode can be 
reduced. Thus, a color transflective liquid crystal display 
capable of display with Similarly good coloring and high 
visibility both in the reflective mode and transmissive mode, 
can be realized. 

0043 Consequently, using the above-described liquid 
crystal display enables a color transflective liquid crystal 
display with extremely excellent display quality to be real 
ized. 

0044 Also, in order to achieve the above objects, the 
electronic apparatus according to the present invention can 
include one of the above-described liquid crystal displayS. 
For example, the liquid crystal display according to the 
present invention may be used as a display device in various 
types of electronic apparatuses, Such as televisions or moni 
tors, communication equipment Such as cellular telephones 
or PDAS, information processing devices Such as personal 
computers, and So forth. According to the electronic appa 
ratus, even in the event that there are irregularities in Spectral 
properties of the illumination light, this can be compensated 
to realize a display with high color reproduction, thereby 
yielding an electronic apparatus comprising a liquid crystal 
display with excellent visibility. Thus, this is suitable for an 
electronic apparatus requiring particularly high-quality dis 
play. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0045. The invention will be described with reference to 
the accompanying drawings, in which like elements are 
referred to with like numerals, and in which: 
0046 FIG. 1 is a cross-sectional diagram illustrating the 
configuration of a liquid crystal display according to a first 
embodiment of the present invention; 
0047 FIG. 2 is a graph illustrating spectral properties of 
the illumination light cast onto the liquid crystal display 
panel from the illumination device in the liquid crystal 
display; 
0048 FIG. 3 is a plan view illustrating the positional 
relation between the transparent electrodes on the first 
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Substrate and the components formed on the Second Sub 
Strate of the liquid crystal display; 

0049 FIG. 4 is a graph illustrating the transmittance 
properties of the color filters corresponding to each color in 
the liquid crystal display; 
0050 FIG. 5 is a graph illustrating spectral properties of 
the light passing through the liquid crystal display panel and 
emitted towards the observation side in the liquid crystal 
display; 

0051 FIG. 6 is a graph illustrating spectral properties of 
the light passing through the liquid crystal display panel and 
emitted at the observation side in the event that all opening 
portions in the reflective layer are of the same dimension; 
0.052 FIG. 7 is a cross-sectional diagram illustrating an 
example of the configuration of a liquid crystal display 
according to a Second embodiment of the present invention; 
0.053 FIG. 8 is a perspective view illustrating the prin 
cipal portions of the liquid crystal display panel in the liquid 
crystal display; 

0.054 FIG. 9 is a plan view illustrating the positional 
relation between the pixel electrodes on the first substrate 
and the components formed on the Second Substrate of the 
liquid crystal display; 

0.055 FIG. 10 is a cross-sectional diagram illustrating the 
configuration of a liquid crystal display according to a third 
embodiment of the present invention; 
0056 FIG. 11 is a graph illustrating the transmittance 
properties of the color filters corresponding to each color in 
the liquid crystal display; 

0057 FIG. 12 is a plan view illustrating the positional 
relation between the sub-pixels and reflective layer in the 
liquid crystal display; 

0.058 FIG. 13 is a CIE chromaticity diagram showing 
color coordinates of color display by the liquid crystal 
display; 

0059 FIG. 14 is a plan view illustrating the positional 
relation between the transparent electrodes on the first 
Substrate and the components formed on the Second Sub 
Strate, in a liquid crystal display according to a modification 
of the present invention; 
0060 FIG. 15 is a diagram illustrating an example of a 
liquid crystal display according to the present invention, and 
is a partial cross-sectional view illustrating an example of a 
passive matrix transflective color liquid crystal display, 
wherein the color filter is provided on the inner side of the 
lower Substrate; 
0061 FIG. 16 is a diagram illustrating only the trans 
flective layer, color filter and shielding film of the liquid 
crystal display shown in FIG. 15; 

0062 FIG. 16(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 

0063 FIG. 16(B) is a cross-sectional view along A-A 
shown in FIG. 16(A); 
0.064 FIG. 17 is a diagram illustrating only the trans 
flective layer and the color filter and the transparent elec 
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trodes on the lower Substrate in the liquid crystal display 
according to the fifth embodiment; 
0065 FIG. 17(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 
0066 FIG. 17(B) is a cross-sectional view along line 
C-C" shown in FIG. 17(A); 
0067 FIG. 18 is a diagram illustrating another example 
of a liquid crystal display according to the present invention, 
and is a partial cross-sectional view illustrating an example 
of a passive matrix transflective color liquid crystal display, 
wherein the color filter is provided on the inner side of the 
upper Substrate; 
0068 FIG. 19 is a diagram illustrating only the trans 
flective layer and color filter of the liquid crystal display 
shown in FIG. 18; 

0069 FIG. 19(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 

0070 FIG. 19(B) is a cross-sectional view along B-B' 
shown in FIG. 19(A); 
0071 FIG. 20 is a diagram illustrating further another 
example of a liquid crystal display according to the present 
invention, and is a partial cross-sectional view illustrating an 
example of a passive matrix transflective color liquid crystal 
display wherein transparent electrodes are directly provided 
on the transflective layer; 
0072 FIG. 21 is a diagram illustrating only the trans 
flective layer and color filter and transparent electrodes on 
the lower Substrate, in the liquid crystal display shown in 
FIG. 20; 

0.073 FIG. 21(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 

0074 FIG. 21.(B) is a cross-sectional view along line 
D-D' shown in FIG. 21(A); 
0075 FIG. 22 is a perspective view illustrating an 
example of a cellular telephone; 

0076 FIG. 23 is a perspective view illustrating an 
example of a wristwatch-type electronic device; 
0077 FIG. 24 is a perspective view illustrating an 
example of a mobile information processing device, Such as 
a word processor or a personal computer; 

0078 FIG. 25 is a diagram illustrating only the trans 
flective layer and color filter and transparent electrodes on 
the lower Substrate of the liquid crystal display according to 
the test example 2, 

0079 FIG. 25(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 

0080 FIG. 25(B) is a cross-sectional view of FIG. 
25(A); 
0081 FIG. 26 is a diagram illustrating only the trans 
flective layer and color filter and transparent electrodes on 
the lower Substrate of the liquid crystal display according to 
the test example 3, 

0082 FIG. 26(A) is a plan view for describing the 
overlapping of the transflective layer and the color filter; 
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0083 FIG. 26(B) is a cross-sectional view of FIG. 
26(A); 
0084 FIG. 27 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 1, 

0085 FIG. 27(A) is a chromaticity diagram of the light 
obtained in the reflective mode; 

0.086 FIG. 27(B) is a chromaticity diagram of the light 
obtained in the transmissive mode, 

0087 FIG. 28 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 2, 

0088 FIG. 28(A) is a chromaticity diagram of the light 
obtained in the reflective mode; 

0089 FIG. 28(B) is a chromaticity diagram of the light 
obtained in the transmissive mode, 

0090 FIG. 29 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 3, 

0091 FIG. 29(A) is a chromaticity diagram of the light 
obtained in the reflective mode; 

0092 FIG. 29(B) is a chromaticity diagram of the light 
obtained in the transmissive mode, 

0093 FIG. 30 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 4; 

0094 FIG. 30(A) is a chromaticity diagram of the light 
obtained in the reflective mode; 

0.095 FIG. 30(B) is a chromaticity diagram of the light 
obtained in the transmissive mode, 

0.096 FIG. 31 is a diagram illustrating the spectral prop 
erties of the color filter used in the liquid crystal display 
according to the test example 4, and is a graph illustrating 
the relation between the transmittance of the color filter and 
the wavelengths, 

0097 FIG. 32 is a diagram illustrating the transflective 
layer and color filter in the liquid crystal display according 
to an eighth embodiment, and 
0.098 FIG. 33 is a diagram illustrating the transflective 
layer and color filter in the liquid crystal display according 
to a ninth embodiment. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0099] The embodiments of the present invention will be 
described as follows with reference to the drawings. It 
should be understood that the embodiments illustrate one 
form of the present invention, but do not limit the invention, 
and modifications may be made without departing from the 
Spirit and the Scope of the present invention. 

0100 First, the first embodiment, wherein the present 
invention is applied to a passive matrix transflective liquid 
crystal display, will be described with reference to FIG. 1. 
Note that in FIG. 1 and the subsequent drawings, the scale 
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of the layers and members differ one from another, in order 
to make the layerS and members of a recognizable Size in the 
drawings. 

0101 AS shown in FIG. 1, this liquid crystal display has 
a liquid crystal display panel (liquid crystal panel) 500 
including a first Substrate (upper Substrate) 3 and a second 
substrate (lower substrate) 2 attached to each other with a 
seal member 503, and liquid crystals (a liquid crystal layer) 
4 Sandwiched therebetween, and has an illumination device 
(a so-called back-light unit) 5 disposed at the Second Sub 
strate 2 side of the liquid crystal display panel 500. Also note 
that in the following description, the opposite Side of the 
liquid crystal display panel 500 in relation to the illumina 
tion device 5 as shown in FIG. 1 will be referred to as the 
“observation side”. That is to say, the “observation side' is 
the Side at which an observer viewing images displayed on 
the liquid crystal display is situated. 

0102) The illumination device 5 can include a plurality of 
LEDs 621 (only one is shown in FIG. 1) and a light guide 
plate 622. The plurality of LEDs 621 are arrayed facing the 
Side edge face of the light guide plate 622, and cast light onto 
this side edge face. The light guide plate 622 is a plate 
shaped member for guiding light from the LEDs 621 inci 
dent on the Side edge face to the Substrate face of the liquid 
crystal display panel 500 (the surface of the second substrate 
2) in a uniform manner. Also, a Scattering plate or the like 
is attached to the face of the light guide plate 622 facing the 
liquid crystal display panel 500 so as to scatter the light 
emitted from the light guide plate 622 with respect to the 
liquid crystal display panel 500 in a uniform manner, while 
a reflector is attached to the opposite face of the light guide 
plate 622 So as to reflect light heading from the light guiding 
plate 622 in the direction opposite from the liquid crystal 
display panel 500, toward the liquid crystal display panel 
500 (both omitted in the drawings). 
0103) Now, FIG. 2 is a graph illustrating an example of 
spectral properties of the illumination light (the relation of 
the wavelength and luminance of the illumination light) cast 
onto the liquid crystal display panel 500 from the illumina 
tion device 5. 

0.104) That is, in the graph in FIG. 2, the horizontal axis 
shows the wavelength, and the vertical axis shows the 
luminance of the illumination light at each of the wave 
lengths, as a relative value wherein a predetermined lumi 
nance is set as “1.00 as a reference value. As shown in this 
drawing, in the present embodiment, a case is assumed 
wherein there are irregularities in the luminance in the 
illumination light over the wavelengths within the visible 
light range, i.e., wherein the Spectral properties of the 
illumination light are not uniform. Specifically, while the 
luminance of the illumination light according to the present 
embodiment is greatest at a wavelength close to 470 nm 
which corresponds to blue through green light, the lumi 
nance at around wavelengths 520 nm or above correspond 
ing to yellow light through red light is comparatively 
weaker. Though the details will be described in greater detail 
below, according to the liquid crystal display of the present 
embodiment, even in cases of performing transmissive dis 
play using illumination light with Such irregularities in 
Spectral properties, the influence of the irregularities in the 
Spectral properties in the light emitted towards the observa 
tion side from the liquid crystal display panel 500 (i.e., the 
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light viewed by the observer, and hereafter referred to as 
“observation light') is Suppressed, and good color repro 
duction can be realized. Note that with the present embodi 
ment, a case is assumed wherein illumination light with the 
spectral properties shown in FIG. 2 is cast onto the entire 
substrate face of the liquid crystal display panel 500. 
0105. Returning to FIG. 1, the first substrate 3 and the 
second substrate 2 of the liquid crystal display panel 500 are 
plate-shaped transmissive members, Such as glass or quartz, 
plastic, etc. 
0106 A plurality of transparent electrodes 511 are formed 
on the inner surface (the liquid crystals 4 side) of the first 
substrate 3. The transparent electrodes 511 are band-shaped 
electrodes extending in a predetermined direction (the left 
and right directions in FIG. 1), and are formed of a trans 
parent conductive material such as ITO (Indium Tin Oxide) 
or the like. Further, the Surface of the first Substrate 3 where 
the transparent electrodes 511 are formed is covered by an 
alignment layer 15. This alignment layer 15 is an organic 
thin film, Such as polyimide or the like, and has been 
Subjected to rubbing processing for stipulating the orienta 
tion of the liquid crystals 4 when Voltage is not applied. 

0107 Also, on the outer side of the first substrate 3 (the 
Surface of the outer Side), a retardation film 17 and an upper 
polarizer 13 are layered and disposed in that order. 
0108. On the other hand, a reflective layer (transflective 
layer) 521 having a plurality of opening portions 521a 
(described in detail later) is disposed on the inner (liquid 
crystal 4 side) surface of the second substrate 2 and formed 
of a material with light reflecting property, Such as alumi 
num or silver for example. The incidental light from the 
observation side of the liquid crystal display panel 500 is 
reflected at the surface of this transflective layer 521 (more 
Specifically, at the Surface other than the area where the 
opening portions 521a are formed) and is emitted towards 
the observation Side, thereby realizing a reflective display. 
Now, the inner Surface of the second Substrate 2 is made to 
be coarse So as to form a Scattering structure (unevenness) 
at the surface of the transflective layer 521, but this is 
omitted in the figures. 
0109) Also, a 4 wavelength plate 18 and a lower polar 
izer 14 are disposed on the outer Side (the Surface of the 
outer Side) of the Second Substrate 2. 
0110. Further, formed on the inner side surface of the 
second substrate 2 covered by the transflective layer 521 are 
a color filter 522 (522R, 522G, 522B), a shielding layer 523, 
an overcoat layer (Smoothing layer) 524 for Smoothing the 
unevenness formed by the color filter 522 and the shielding 
layer 523, a plurality of transparent electrodes 525, and an 
alignment layer 9 the same as the above-described alignment 
layer 15. 
0111. The transparent electrodes 525 are band-shaped 
electrodes formed of a transparent conductive material on 
the surface of the overcoat layer 524. Now, FIG. 3 sche 
matically shows the positional relation between the trans 
parent electrodes 511 (shown by single-dot broken lines), on 
the first substrate 3, the transparent electrodes 525 on the 
Second Substrate 2, and the color filter 522. As shown in the 
figure, the transparent electrodes 525 extend in a direction 
intersecting the transparent electrodes 511 (vertical to the 
paper in FIG. 1). The liquid crystals 4 sandwiched between 
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the first Substrate 3 and the Second Substrate 2 change in 
orientation thereof in response to Voltage being applied 
between the transparent electrodes 511 and the transparent 
electrodes 525. In the following description, areas where the 
transparent electrodes 511 and the transparent electrodes 525 
face one another as shown in FIG. 3 will be referred to as 
“sub-pixels 551 (551R, 551G, 551B)”. In other words, the 
sub-pixels 551 can also be described as the smallest units of 
areas wherein the orientation of liquid crystal changes 
according to application of Voltage. 
0112 The shielding layer 523 is formed in a lattice-like 
shape So as to cover the gap portions between the Sub-pixels 
551 arrayed in matrix fashion (that is to say, areas other than 
the areas where the transparent electrodes 511 and the 
transparent electrodes 525 face one another), Serving to 
shield from light the gaps between the sub-pixels 551. The 
color filter 522 is a layer formed of a resin material or the 
like corresponding to the Sub-pixels 551, and as shown in 
FIG. 3, is colored, with a dye or pigment, either R (red), G 
(green), or B (blue). In the following, Sub-pixels correspond 
ing to the color filters 522R, 522G, and 522B, will-respec 
tively be referred to as sub-pixels 551R, 551G, and 551B. 
These three sub-pixels 551R, 551G, and 551B with mutually 
differing colors form a pixel (dot) 615, which is the smallest 
unit of the display image. 
0113 Now, FIG. 4 is a graph representing the transmit 
tance properties of each of the color filters 522R, 522G, and 
522B, with the horizontal axis as the wavelength of light 
incident on the color filter 522, and the vertical axis as 
transmittance (the percentage of light emitted as to the 
amount of incident light). As shown in the figure, the color 
filter 522R exhibits high transmittance for light with a 
wavelength 600 nm or more which corresponds to red, the 
color filter 522G exhibits high transmittance for light with a 
wavelength of 500 through 600 nm which corresponds to 
green, and the color filter 522B exhibits high transmittance 
for light with a wavelength of 400 through 500 nm which 
corresponds to blue light. 
0.114) Next, description will be made regarding the form 
of the opening portions 521 a formed in the transflective 
layer 521 again with reference to FIG. 3. 
0115 First, the opening portions 521a are provided near 
the center of each of the sub-pixels 551 on the transflective 
layer 521. Illumination light form the illumination device 5 
passes through the opening portions 521a and is emitted 
towards the observation Side of the liquid crystal display 
panel 500, thereby realizing transmissive display. In the 
following description, of the area of the sub-pixels 551, the 
area corresponding to the opening portions 521a, i.e., the 
area through which illumination light from the illumination 
device 5 passes, will be referred to as "light-transmitting 
area (transmissive area)”. 
0116 Further, the opening portions 521 a formed on the 
transflective layer 521 have the dimension thereof selected 
Such that the dimension of the light-transmitting areas differs 
for each of the three sub-pixels 551R, 551G, and 551B, 
making up each pixel 615. More specifically, the dimension 
of the opening portions 521 a corresponding to each of the 
sub-pixels 551R, 551G, and 551B corresponds to the spec 
tral properties of the illumination light emitted from the 
illumination device 5. 

0117. With the present embodiment, as shown in FIG.2, 
of the illumination light emitted from the illumination 
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device 5, the luminance of the wavelengths from blue light 
to green light is relatively great, while the luminance of the 
wavelength corresponding to red light is relatively Small. 
Accordingly, with regard to the sub-pixels 551G where the 
green color filter 522G corresponding to the wavelength 
with the greatest luminance is formed, the dimension of the 
opening portion 521 a corresponding thereto is formed 
smaller in comparison to the sub-pixels 551R and 551B 
corresponding to the other colors. Conversely, with regard to 
the sub-pixels 551R where the red color filter 522R corre 
sponding to the wavelength with the least luminance of the 
illumination light is, the dimension of the opening portion 
521a corresponding thereto is formed larger in comparison 
to the sub-pixels 551G and 551B corresponding to the other 
colors. FIG.3 shows an arrangement wherein the dimension 
ratio of the opening portions 521 a corresponding to the 
respective sub-pixels 551R, 551G, and 551B is set at “sub 
pixel 551R:551G:551B=4:1:2”. 

0118 Now, FIG. 5 is a graph illustrating the spectral 
properties of the observed light emitting to the observation 
side from the liquid crystal display panel 500 in the event 
that transmissive display is carried out with the above 
described configuration. On the other hand, FIG. 6 illus 
trates the Spectral properties of the observed light in the 
event that transmissive display is carried out with an 
arrangement wherein all light-transmitting areas are of the 
same dimension for all sub-pixels 551 (hereafter referred to 
as “conventional configuration”), as a comparative example 
with that shown in FIG. 5. In either drawing, the spectral 
properties of the observed light in the event that transmissive 
display is carried out using the illumination light with the 
spectral properties shown in FIG. 2, is shown. In both FIG. 
5 and FIG. 6, the horizontal axis shows the wavelength, and 
the vertical axis shows the luminance of each of the 
observed light as a relative value with reference to a pre 
determined luminance (the same luminance in both FIG. 5 
and FIG. 6) set as a reference value “1,00”. 
0119) As shown in FIG. 6, in the event that the conven 
tional configuration is employed, the observed light visually 
recognized by the observer is light which has an extremely 
high luminance near the wavelength 470 nm. Accordingly, 
the image light visually recognized by the observer will be 
a blue-greenish image. Conversely, with the configuration 
according to the present embodiment wherein the ratio of the 
light-transmitting areas in the sub-pixels 551R, 551G, and 
551B is 4:1:2, the luminance in the observed light near the 
wavelength 470 nm is comparatively lower than that in the 
case shown in FIG. 6, as shown in FIG. 5. Accordingly, a 
Situation wherein that the image light visually recognized by 
the observer is a blue-greenish image can be avoided even 
in the event that transmissive display is carried out using 
illumination light wherein the luminance at wavelengths 
corresponding to blue through green colors is greater than 
the luminance at other wavelengths. 

0120 Thus, with the configuration according to the 
present embodiment, of the illumination light, light at wave 
lengths with relatively small luminance is allowed to suffi 
ciently pass through the transflective layer 521, while light 
at wavelengths with relatively great luminance is restricted 
to pass through the transflective layer 521, thereby SuppreSS 
ing the influence that irregularities in the Spectral properties 
of the illumination light have on the observed light. 
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0121 That is to say, the non-uniformity in the spectral 
properties of the illumination light is compensated, So that 
good color reproduction can be realized. 
0122) Next, the second embodiment, wherein the present 
invention is applied to an active matrix transflective liquid 
crystal display, will be described. Note that the following 
description illustrates a case using TFDS (Thin Film Diode) 
which are two-terminal Switching devices as Switching 
devices. Also, of the components in the figures described 
below, the components which are in common with the 
components shown in FIG. 1 are given with the same 
reference numerals as in FIG. 1, and description thereof will 
be omitted. 

0123 First, FIG. 7 is a cross-sectional view schemati 
cally showing an example of the configuration of the liquid 
crystal display according to the present embodiment, and 
FIG. 8 is a perspective diagram illustrating the configuration 
of the principal components of the liquid crystal display 
panel making up the liquid crystal display. The cross-section 
along A-A in FIG. 8 is equivalent to FIG. 7. As shown in 
these figures, a plurality of pixel electrodes 513 arrayed in 
matrix fashion, and a plurality of Scanning lines 514 extend 
ing in a predetermined direction (the direction vertical to the 
paper in FIG. 7) in the gap portions of the pixel electrodes 
513, are formed on the inner side Surface of the first Substrate 
3. Each of the pixel electrodes 513 is formed of a transparent 
conductive material, Such as ITO or the like, for example. 
Further, each of the pixel electrodes 513 and the scanning 
lines 514 adjacent to the pixel electrodes 513 are connected 
by TFDs 515. Each of the TFDs 515 is a two-terminal 
Switching device with a non-linear current/voltage property. 
0.124. On the other hand, as with the liquid crystal display 
according to the first embodiment above, formed on the 
inner Side Surface of the Second Substrate 2 are a transflective 
layer 521 including a plurality of opening portions 521a, a 
color filter 522, a shielding layer 523, and an overcoat layer 
524 for covering the surface of the second substrate 2 where 
these are formed. Further, a plurality of data lines 527 
extending in a direction interSecting with the Scanning lines 
514 are formed on the surface of the overcoat layer 524. As 
shown in FIGS. 7 and 8, the data lines 527 are band-shaped 
electrodes formed of an transparent conductive material. 
0125 FIG. 9 shows the positional relation between the 
pixel electrodes 513 (shown by single-dot broken lines) and 
the data lines 527. As shown in the figure, the data lines 527 
face the plurality of pixel electrodes 513 arrayed in rows on 
the first substrate 3. With this configuration, the liquid 
crystals 4 Sandwiched between the electrodes change in 
orientation State in response to Voltage being applied 
between the pixel electrodes 513 on the first Substrate 3 and 
the data lines 527 on the second Substrate 2. In other words, 
with the present embodiment, the areas where the pixel 
electrodes 513 and the data lines 527 face one another are 
equivalent to the sub-pixels 551 (more specifically, Sub 
pixels 551R, 551G, and 551B, corresponding to the respec 
tive color filters 522R, 522G, and 522B). 
0.126 AS with the above-described first embodiment, 
opening portions 521a are formed at positions correspond 
ing to the vicinity of the center portion of each of the 
sub-pixels 551 on the transflective layer 521 in accordance 
with the present embodiment as well, as shown in FIG. 9. 
The dimension of each of the opening portions 521a is 
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determined Such that the percentage of the transmissive area 
in each of the sub-pixels 551R, 551G, and 551B, is a 
percentage corresponding to the Spectral properties of the 
illumination light from the illumination device 5. Now, the 
present embodiment also assumes performing transmissive 
display using the illumination light with the spectral prop 
erties shown in FIG. 2 referred to above. Accordingly, at the 
sub-pixel 551G where the green color filter 522G corre 
sponding to the wavelength which has the greatest lumi 
nance of the illumination light, the dimension of the opening 
portion 521 a corresponding thereto is Smaller in comparison 
to the dimension of the opening portions 521 a correspond 
ing to the sub-pixels 551R or 551B corresponding to the 
other colors. 

0127. That is, the percentage of the light-transmitting 
area in the sub-pixel 551G is smaller than the percentage of 
the light-transmitting areas in the sub-pixels 551R or 551B 
of the other colors. Conversely, at the sub-pixel 551R 
corresponding to the wavelength which has the Smallest 
luminance of the illumination light, the dimension of the 
opening portion 521 a corresponding thereto is greater and 
the percentage of light-transmitting area in the Sub-pixel 
551R is greater in comparison to that of the sub-pixels 551G 
or 551B of the other colors. In the example shown in FIG. 
9, a case is illustrated wherein the dimension ratio of the 
opening portions 521a in the sub-pixels 551R, 551G, and 
551B, is “4:1:2”. 
0128. The same advantages as those of the first embodi 
ment can be obtained by this configuration, as well. 
0129. In the first and second embodiments, examples of 
a configuration wherein opening portions 521a are provided 
near the center of areas corresponding to the Sub-pixels 551 
of the transflective layer 521, with-the light-transmitting 
area being positioned at the center of the sub-pixels 551, has 
been shown. Conversely, in accordance with the present 
embodiment, the transmissive areas are areas along the 
edges of the sub-pixels 551. 
0130 FIG. 10 is a cross-section diagram illustrating the 
configuration of the liquid crystal display according to the 
present embodiment. Note that the components shown in 
FIG. 10 that are in common with the components in FIG. 1 
shown above are denoted by the same reference numerals. 
As shown in the figure, the liquid crystal panel 500 accord 
ing to the present embodiment differs from the liquid crystal 
panel 500 described in the above embodiments in that the 
color filter 522 (522R, 522G, 522B), a shielding layer 523, 
and a overcoat layer 524 are formed on the first substrate 3, 
and in that the transparent electrodes 511 and alignment 
layer 15 are formed on the surface of the overcoat layer. 
Further, the transmittance properties of the color filter 522 
according to the present embodiment differs from the trans 
mittance properties of the color filter 522 according to the 
above-described embodiments shown in FIG. 4. 

0131 Now, FIG. 11 is a graph illustrating the transmit 
tance properties of the color filters 522R, 522G, and 522B, 
according to the present embodiment. AS can be understood 
by comparing this drawing with the above-described FIG. 4, 
the color purity of the color filters 522 according to the 
present embodiment, and particularly the color purity of the 
color filter 522G corresponding to the green color is higher 
than the color purity of the color filters 522 according to the 
above-described embodiments. More specifically, this is 
explained as follows. 
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0.132. Now, taking into account a numerical value Tmax/ 
Tmin, wherein Tmax represents the maximum transmittance 
of each of the color filters 522 in the wavelength range of 
380 nm through 780 nm and Tmin represents the minimum 
transmittance in the same wavelength range, as a parameter 
for evaluating color purity (that is to say, the greater the 
numerical value Tmax/Tmin is, the higher the color purity 
is). At this time, while the numerical value Tmax/Tmin of 
the green color filter 522G shown in the above-described 
FIG. 4 is "1.8”, the numerical value Tmax/Tmin of the color 
filter 522G according to the present embodiment is “8”, and 
accordingly it can be understood that the color purity of the 
color filter 522G according to the present embodiment is 
markedly higher than the color purity of the color filter 522G 
according to the above-described embodiments. 

0.133 Also, in accordance with the present embodiment, 
the form of the transflective layer 528 differs from that of the 
first and second embodiments. That is, in the above-de 
Scribed embodiments, examples of configuration were 
described wherein the form of the transflective layer 521 
(more specifically, the form of the opening portions 521a in 
the transflective layer 521) is selected such that the areas 
positioned at the center of the sub-pixels 551 serve as the 
light-transmitting areas. Conversely, with the present 
embodiment, the form of the transflective layer 528 is 
Selected Such that the areas along two opposing Sides of the 
four sides defining each sub-pixel 551 that is substantially 
rectangular (the two sides extending in the Y direction) are 
made to be the light-transmitting areas. The following is a 
description of the specific form of the transflective layer 528, 
with reference to FIG. 12. 

0134). As shown in FIG. 12, the transflective layer 528 
according to the present embodiment has a plurality of 
portions extending in the Y direction on the Second Substrate 
2. On the other hand, the transparent electrodes 525 are of 
the same form as that shown in the above-described embodi 
ments, but differ in that they are formed so as to cover the 
transflective layer 528. Thus, the transflective layer 528 
according to the present embodiment is formed in Stripes. So 
as to correspond to the transparent electrodes 525. In other 
words, it can be said that transmissive portions (portions for 
transmitting illumination light from the illumination device) 
528a are formed along the gap portions of the transparent 
electrodes 525 on the transflective layer 528. As a result of 
transmissive portions 528a thus formed on the transflective 
layer 528, the areas along the opposing Sides extending in 
the Y direction, of the four sides defining the perimeter of the 
generally rectangular Sub-pixel 551, Serve as light-transmit 
ting areas, as shown in FIG. 12. 

0135) In accordance with the present embodiment as 
well, the form of the transflective layer 528 is selected such 
that the dimension of the light-transmitting area at least in 
one sub-pixel 551 differs from the dimension of the light 
transmitting areas in the other sub-pixels 551, as with the 
above-described first and second embodiments. 

0136. More specifically, as shown in FIG. 12, a width Wr 
of a reflective layer corresponding to a row of Sub-pixels 
551R and a width Wb of a reflective layer corresponding to 
a row of Sub-pixels 551B are approximately equal, and a 
width Wb of a reflective layer corresponding to a row of 
sub-pixels 551G is wider than the width Wr and the width 
Wb. Accordingly, the dimension Sr of the light-transmitting 
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area in the sub-pixel 551R and the dimension Sb of the 
light-transmitting area in the Sub-pixel 551B are approxi 
mately equal, while the dimension Sg of the light transmit 
ting area in the sub-pixel 551G is smaller than the dimension 
Sr or dimension Sb. 

0.137 Here, a case where the ratio of dimension Sr and 
dimension Sg and dimension Sb is “Sr:Sg:Sb=1.5:1:1.5” is 
assumed. 

0.138. Now, as shown in FIG. 4, the transmittance of the 
green color filter 522G shown in the above embodiment is 
markedly higher relative to the transmittance of the other 
color filters 522R or 522b of the other colors. Accordingly, 
in order to perform ideal white display by using the color 
filter 522 with the transmittance properties shown in FIG. 4 
(i.e., color reproduction compensation), it is required to 
make the dimension of the light-transmitting area in the 
green sub-pixel 551G markedly smaller than the dimension 
of the light-transmitting area in the other color Sub-pixels 
551R or 551B. The transmittance of the color filter 522G 
with the transmittance properties shown in FIG. 11 is 
Suppressed to a lower transmittance than the color filter 
522G shown in FIG. 4, so that the difference between the 
dimension of the light-transmitting area in the green Sub 
pixel 551G and the dimension of the light-transmitting area 
in the other color sub-pixels 551R or 551B does not need to 
be Secured at as high a level as in the case of using the color 
filter 522 shown in FIG. 4. That is to say, using the color 
filter 522G with the transmittance properties shown in FIG. 
11 does away with the need for making the dimension of the 
light-transmitting area in the green sub-pixel 551G all that 
Smaller. 

0139 FIG. 13 is a CIE chromaticity diagram indicating 
color coordinates of colors displayed by the liquid crystal 
display according to the present embodiment. In FIG. 13, 
the color coordinates of colors displayed by a liquid crystal 
display of a conventional configuration are shown as a 
comparative example with the present embodiment. Note 
that a “conventional configuration' of a liquid crystal dis 
play employs a color filter with the transmittance properties 
shown in FIG. 13 and has the same dimension for the 
transmissive areas for all Sub-pixels. 
0140. In the CIE chromaticity diagram, the color coor 
dinate in the event of performing ideal white display is 
generally (x, y)=(0.310, 0.316), with this point being indi 
cated in FIG. 13 by an “X”. As can be clearly seen from the 
figure, the color coordinates in the case of performing white 
display with the liquid crystal display according to the 
present embodiment are closer to the color coordinates of 
the ideal white display as compared to the color coordinates 
in the case of performing white display with the liquid 
crystal display according to the conventional configuration. 
In other words, good color reproduction can be realized with 
the liquid crystal display according to the present embodi 
ment. 

0.141. The advantages of suppressing the effects which 
irregularities in the Spectral properties of the illumination 
light may have on the observed light and realizing good 
color reproduction are obtained with the present embodi 
ment as with the above-described embodiments. 

0142. As indicated in the present embodiment and the 
above-described embodiments, in accordance with the 
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present invention, as long as the percentage of the light 
transmitting area in one of the Sub-pixels making up a pixel 
and the percentage of the light-transmitting area in the other 
Sub-pixels making up the pixel differ, the form of the 
light-transmitting areas of the Sub-pixels, i.e., the form of the 
transmissive portion (opening portion 521a or transmissive 
portion 528a) in the transflective layer 521 may be any form. 
Also, the term “transmissive portion' in the present inven 
tion can mean “a portion in the transflective layer through 
which illumination light from the illumination device is 
transmitted”, and is not restricted to opening portions (i.e., 
holes) formed in the transflective layer. 
0143. The above has been a description of an embodi 
ment of the present invention, but the above-described 
embodiment is only an example, and it should be understood 
that various modifications may be made to the above 
embodiment without departing from the Spirit and Scope of 
the present invention. Modifications Such as given below 
may be made, for example. 

0144. In the above first and second embodiments, the 
arrangement is Such that the dimension of the opening 
portions 521 a corresponding to the sub-pixels 551 is made 
to differ according to the Spectral properties of the illumi 
nation light from the illumination device 5, but the arrange 
ment may be as follows. That is, as shown in FIG. 14, the 
dimension of the opening portions 521a provided in the 
transflective layer 521 are generally the same, while on the 
other hand, the number of opening portions 521a provided 
for each sub-pixel 551 is of a number according to the 
Spectral properties of the illumination light. 

0145 For example, in the above-described embodiments, 
the dimension ratio of the opening portions 521 a corre 
sponding to the sub-pixels 551R,551G, and 551B, is “4:1:2” 
to correspond to the Spectral properties of the illumination 
light above illustrated in FIG. 2, but with the present 
modification, the ratio of the number of the opening portions 
521a corresponding to the Sub-pixels 551R, 551G, and 
551B, is made to be “4:1:2”, as shown in FIG. 4. The same 
advantages as those of the above embodiments can be 
obtained with this configuration as well. Also, as shown in 
the embodiments, while it is conceivable that grainineSS 
might occur in the image Visually recognized by an observer 
as the results of deviation in the position of the opening 
portions 521a in the Sub-pixels 615, in the event that the 
opening portions 521a are formed corresponding to only a 
part of the sub-pixels 551. However, according to the 
configuration illustrated by the present modification, the 
opening portions 521 a can be Scattered throughout the 
sub-pixels 551, and thus it is advantageous that such prob 
lems can be avoided. 

0146 In the above embodiments, the percentage of light 
transmitting area in the sub-pixels 551 is made to differ for 
each of the sub-pixels 551 corresponding to the same color. 
Irregularities in the spectral properties of the illumination 
light can be Sufficiently compensated with this configuration 
in the event that the Spectral properties of the illumination 
light from the illumination device 5 are the same through the 
entire Substrate Surface of the liquid crystal display panel 
500. However, there may be cases wherein the spectral 
properties of the illumination light from the illumination 
device 5 differ according to places in the substrate face. For 
example, Some places in the Substrate face may be irradiated 
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with illumination light with the Spectral properties shown in 
FIG. 2, while other places may be irradiated with illumi 
nation light with spectral properties other than those shown 
in FIG. 2. 

0147 In Such cases, the percentage of the light-transmit 
ting area may be changed according to the position of the 
sub-pixels 551 in the substrate face (i.e., dimension of the 
opening portions 52.1a may be made to differ). For example, 
while the dimension ratio of the light-transmitting area in the 
sub-pixels 551R, 551G, and 551B, may be “4:1:2” at a pixel 
615 situated at a position wherein illumination light with the 
spectral properties illustrated in FIG. 2 is irradiated, the 
dimension ratio of the light-transmitting area in the Sub 
pixels 551R, 551G, and 551B, maybe “3:1:2 at a pixel 615 
Situated at a position wherein illumination light with Some 
what less luminance in the blue light through the green light 
as compared to the above illumination light is irradiated. In 
this way, there is no particular need for the percentage of the 
light-transmitting area of the Sub-pixels 551 corresponding 
to the same color to be all the same throughout the Sub 
pixels 551. According to the present modification, in addi 
tion to the advantages shown with the above embodiments, 
non-uniformity of Spectral properties of the illumination 
light in the Substrate face can be compensated, and thus an 
advantage that color reproduction can be more reliably 
improved is obtained. 

0148 While the above embodiments illustrate examples 
wherein the illumination light from the illumination device 
exhibit the spectral properties illustrated in FIG. 2, it should 
be apparent that the Spectral properties of the illumination 
light are not restricted to these. That is, even in cases of 
using illumination light exhibiting spectral properties other 
than those shown in FIG. 2 for transmissive display, advan 
tages are obtained that irregularities in the Spectral proper 
ties of the illumination light can be compensated and good 
color reproduction can be realized, by Setting the dimension 
according to the Spectral properties of the illumination light, 
Such as making the dimension of the light-transmitting area 
in Sub-pixels of a color corresponding to a wavelength of the 
illumination light with great luminance be Smaller than the 
dimension of the light-transmitting area in Sub-pixels of a 
color corresponding to a wavelength with less luminance. 

0149 Moreover, the dimension of the light-transmitting 
area of the Sub-pixels does not necessarily need to corre 
spond to the Spectral properties of the illumination light. For 
example, when the dimension of the light-transmitting area 
in the sub-pixels 551G corresponding to green or the dimen 
sion of the light-transmitting area in the Sub-pixels 551B 
corresponding to blue (i.e., the dimension of the opening 
portions 521a corresponding to these sub-pixels 551) is 
arranged to be greater than the dimension of the light 
transmitting area in the Sub-pixels 551R corresponding to 
red regardless of the spectral properties of the illumination 
light, it is possible for the display to be intentionally made 
blue-greenish. That is, in accordance with the present inven 
tion, all that is necessary is for the dimension of the opening 
portion 521a in the transflective layer 521 to be set such that 
the dimension of the light-transmitting area for one Sub 
pixel 551 is different from the dimension of the light 
transmitting area for another sub-pixel 551. 

0150. In the above third embodiment, a case is illustrated 
wherein the form of the transflective layer 528 is selected 
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Such that the areas along two opposing Sides of the four sides 
defining each Sub-pixel are made to be the light-transmitting 
areas, but the form of the transflective layer 528 may be 
Selected Such that the area along one Side, three sides, or all 
sides (four sides) of the four sides is used as the light 
transmitting area. In other words, in the case of Setting the 
area along the edges of the Sub-pixel to be the light 
transmitting area, all that is necessary is to make an area 
along at least one of the plurality of Sides defining the 
Sub-pixels be the light-transmitting area. Also, in the third 
embodiment, a transflective layer 528 in a form of being 
aligned over a plurality of Sub-pixels 551 has been illus 
trated, but the transflective layer 528 may be of a form 
separated for each sub-pixel 551. 
0151. Though the above embodiments illustrate an 
example of a case of using a Stripe array, wherein the color 
filters 522 of the same color form a row, other forms of 
arraying the color filterS 522, Such as mosaic arrays or delta 
arrays, may be used. 
0152 Also, the above embodiments illustrate a case 
wherein the transflective layer 521 is formed on the inner 
Surface of the Second Substrate 2, but an arrangement may be 
conceived wherein the transflective layer 521 is formed on 
the outer Surface of the Second Substrate 2. In Short, a 
configuration wherein the transflective layer 521 is situated 
at the opposite Side of the liquid crystal 4 in relation to the 
observation side will Suffice. 

0153. Though the above second embodiment describes 
an example of an active matrix liquid crystal display using 
TFDs 515 as the Switching devices, it should be understood 
that the applicable Scope of the present invention is not 
restricted to this, and can also be applied to liquid crystal 
displays using three-terminal Switching devices, of which 
TFTs (Thin Film Transistor) are representative. Note that in 
the case of using TFTs, a counter electrode can be formed on 
the entire face of one Substrate, while a plurality of Scanning 
lines and a plurality of data lines can be formed on the other 
Substrate So as to extend in the directions where they 
interSect each other, and pixel electrodes connected to both 
of these via TFTs are arrayed in matrix fashion. In this case, 
the areas where the pixel electrodes and the counter elec 
trode face one another function as the Sub-pixels. 
0154) Though the above embodiments illustrate a case 
wherein the transflective layer 521 and the transparent 
electrodes 525 (data lines 527 in the second embodiment) 
are formed Separately, but an arrangement may be made 
wherein an electrode for applying Voltage to the liquid 
crystal 4 is formed of a conductive material including 
light-reflecting properties, So that this electrode also func 
tions as the transflective layer 521. That is, as shown in FIG. 
1, the transflective layer 521 is not provided, and a reflecting 
electrode of the same form as the transparent electrode 525 
is provided in place thereof. In this case, opening portions of 
the forms illustrated as examples in the above embodiments 
and modifications are provided at a portion of the areas of 
the reflecting electrode corresponding to the Sub-pixels (i.e., 
the areas facing the transparent electrode 511 on the first 
substrate 30). 
O155 FIG. 15 is a diagram illustrating an example of the 
liquid crystal display according to the present invention, and 
is a partial croSS-Sectional diagram illustrating an example of 
a passive matrix transflective color liquid crystal display 
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wherein a color filter is provided on the inner side of the 
lower Substrate. Also, FIG. 16 is a diagram illustrating only 
the transflective layer and color filter and shielding film of 
the liquid crystal display shown in FIG. 15, wherein FIG. 
16(A) is a plan view for describing the overlapping of the 
transflective layer and the color filter, and FIG. 16(B) is a 
cross-sectional view along A-A shown in FIG. 16(A). 
0156 Note that in the following drawings, the ratio of the 
film thickneSS and dimensions of the components are 
changed as appropriate to facilitate Viewing of the drawings. 
0157. The liquid crystal display shown in FIG. 15 has a 
Schematic configuration including a liquid crystal panel 
(liquid crystal display panel) 1, and a back-light (illumina 
tion device) disposed at the rear side of the liquid crystal 
panel 1 (at the outer side of the lower substrate 2). 
0158 Also, the liquid crystal panel 1 has a schematic 
configuration including a liquid crystal layer 4 of STN 
(Super Twisted Nematic) liquid crystals or the like sand 
wiched between the lower Substrate 2 and upper substrate 3 
disposed facing one another. 
0159. The lower substrate 2 is formed of glass, resin or 
the like, with a transflective layer 6 disposed on the inner 
face side of the lower substrate 2, a color filter 10 layered on 
the upper Side of the transflective layer 6, and with a 
shielding film 41 of a black-colored resin material or the like 
provided between the pigment layers 11R, 10G, and 11B 
making up the color filter 10. Also, a transparent Smoothing 
film 12 for smoothing the unevenness formed by the color 
filter 10 is layered on the color filter 10. Further, stripe 
shaped transparent electrodes (segment electrodes) 8 formed 
of a transparent electroconductive film Such as indium tin 
oxide (hereafter referred to as “ITO”) or the like are 
extended in the vertical direction to the paper on the Smooth 
ing film 12, and an alignment layer 9 of polyimide or the like 
is disposed above the transparent electrodes 8 So as to cover 
the transparent electrodes 8. 
0160 Also, a 4 wavelength plate 18, a lower polarizer 
14, and a reflecting polarizer 19, are disposed on the outer 
side of the lower Substrate 2. 

0.161. On the other hand, the upper substrate 3 is formed 
of glass or resin or the like, with Stripe-shaped transparent 
electrode (common electrode) 7 formed of a transparent 
conductive film Such as ITO or the like on the inner side of 
the upper Substrate 3, extending in the direction orthogonal 
to the transparent electrodes 8 provided on the lower Sub 
Strate 2 (the Sideways direction in the drawing), and with an 
alignment layer 15 of polyimide or the like disposed below 
the transparent electrode 7 So as to cover the transparent 
electrode 7. 

0162 Also, on the outer side of the upper substrate 3, a 
forward Scattering plate 16, a retardation film 17, and an 
upper polarizer 13 are layered and disposed in that order on 
the upper Substrate 3. 
0163 Also, a reflector 51 is disposed on the lower face 
side of the back-light 5 (the side opposite from the liquid 
crystal panel 1). 
0164. Next, the planar overlapping of the transflective 
layer 6 and the color filter 10 in the liquid crystal display 
shown in FIG. 15 will be described. The transflective layer 
6 is formed of a metal film with high reflectivity such as 
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aluminum or the like, and as shown in FIG. 16, is formed 
by opening the metal film in the form of windows. The 
transflective layer 6 comprises, for each pixel, transmissive 
areas 6a for transmitting light emitted from the back-light 5 
and incident light from the upper Substrate 3 Side, and a 
reflective area 6b for reflecting incident light from the upper 
Substrate 3 side. 

0165. On the other hand, the color filter 10 is provided 
corresponding to each pixel making up the display area, 
having pigment layerS repeatedly arrayed in the order of the 
red layer 11R, the green layer 11G, and the blue layer 11B, 
with the red layer 11R, the green layer 11G and the blue 
layer 11B extending in the direction vertical to the paper So 
as to be orthogonal to the transparent electrode 7 provided 
on the upper substrate 3 described above. 
0166 The pigment layers 11R, 10G, and 11B can be 
provided on the entirety of the area overlapping the trans 
missive areas 6a of the transflective layer 6 in a planar 
manner, and an area excluding a part of an area overlapping 
the reflective area 6b of the transflective layer 6 in a planar 
manner with the pigment layers 11R, 10G, and 11B opened 
in window fashion, as shown in FIG. 16. Thus, the color 
filter 10 includes a pigment layer formation area wherein the 
pigment layerS 11R, 11G, and 11B are provided, and pig 
ment layer non-formation areas 11D, 11E, and 11F which are 
a part of an area overlapping with the reflective area 6b in 
a planar manner and where the pigment layerS 11R, 11G, and 
11B are not provided. Also, with this liquid crystal display, 
the dimension of the pigment layer formation area, i.e., the 
dimension of the pigment layers 11R, 11G, and 11B, is set 
to be smaller in the order of the red layer 11R, blue layer 
11B, and green layer 11G. 
0.167 As shown in FIG. 15, with such a liquid crystal 
display, external light 30a cast into the liquid crystal display 
from the upper Substrate 3 Side in the reflective mode passes 
through the color filter 10, is reflected by the reflective area 
6.b of the transflective layer 6, passes through the color filter 
10 again, and is emitted externally from the upper Substrate 
3 side. External light 30b incident onto the liquid crystal 
display from the upper substrate 3 side in the reflective mode 
does not pass through the color filter 10 but is reflected by 
the reflective area 6b, and is emitted externally from the 
upper substrate 3 side. External light 30c incident on the 
liquid crystal display from the upper Substrate 3 Side in the 
reflective mode passes through the transmissive areas 6a, 
and accordingly does not become reflected light. 
0.168. In other words, as the reflected light, there are light 
30a which passes through the pigment layers 11R, 11G, and 
11B, and light 30b which passes through the pigment layer 
non-formation areas 11D, 11E, and 11F, and only the light 
30a which has passed through the pigment layers 11R, 11G, 
and 11B is colored, and the light 30b which has passed 
through the pigment layer non-formation areas 11D, 11E, 
and 11F is not colored. 

0169. Accordingly, the light emitted externally from the 
upper substrate 3 side when in the reflective mode is the sum 
of the colored light 30a which has passed through the 
pigment layers 11R, 11G, and 11B and the uncolored light 
30b which has passed through the pigment layer non 
formation areas 11D, 11E, and 11F. 
0170 Also, the light 50a cast into the liquid crystal 
display from the back-light 5 when in the transmissive mode 
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passes through the transmissive areas 6a, passes through the 
pigment layers 11 of the color filter 10, and is colored. Also, 
the light 50b cast into the liquid crystal display from the 
back-light 5 when in the transmissive mode is shielded by 
the transflective layer 6. 
0171 Accordingly, the light emitted externally from the 
upper Substrate 3 Side when in the transmissive mode 
becomes light 50a which has passed through the pigment 
layers 11 of the color filter 10 once and is colored. 
0172. With Such a liquid crystal display, there are pig 
ment layer non-formation areas 11D, 11E, and 11F at a part 
of an area overlapping with the reflective area 6b in a planar 
manner. Thus, as described above, the light obtained in the 
reflective mode is the sum of the uncolored light 30b which 
has passed through the pigment layer non-formation areas 
11D, 11E, and 11F and the colored light 30a which has 
passed through the pigment layerS 11. On the other hand, the 
light obtained in the transmissive mode is only the light 50a 
which passes through the pigment layer 11 and is colored. 
0173 Accordingly, the difference in color concentration 
between the light passing through the color filter 10 twice in 
the reflective mode and the light passing through the color 
filter 10 once in the transmissive mode can be reduced. 
Consequently, a color transflective liquid crystal display 
capable of a bright display with high visibility both in the 
reflective mode and transmissive mode, can be realized. 
0.174 Moreover, with the liquid crystal display shown in 
FIG. 15, the pigment layer 11 is formed of the red layer 11R, 
the green layer 11G, and the blue layer 11B, with the 
dimension of the pigment layers 11R, 11G, and 11B being 
smaller in the order of the red layer 11R, blue layer 11B, and 
green layer 11G. The color properties of the color filter 10 
are adjusted by changing the dimension of the pigment 
layers 11R, 11G, and 11B, so that the color reproduction can 
be improved even further, and a liquid crystal display with 
even more excellent display quality can be realized. 
0175 Also, the liquid crystal display shown in FIG. 15 
has a transparent film 12 for Smoothing the Steps between the 
areas where the pigment layers 11R, 11G, and 11B are 
provided and the pigment layer non-formation areas 11D, 
11E, and 11F, so adverse effects due to steps between the 
areas where the pigment layers 11R, 11G, and 11B are 
provided and the pigment layer non-formation areas 11D, 
11E, and 11F can be avoided, thereby improving the reli 
ability of the liquid crystal display. 

0176 Also, the transflective layer fabricated of a thin 
metal film absorbs light in addition to reflecting and trans 
mitting light, but with the liquid crystal display shown in 
FIG. 15, the transflective layer 6 is opened in a window-like 
manner, thereby forming the transmissive areas 6a. Thus, 
there is no absorbing of light, thereby improving the reflec 
tivity and transmittance. 
0177. With the fifth embodiment, the overall configura 
tion of the liquid crystal display is the same as the fourth 
embodiment shown in FIG. 15, and accordingly detailed 
description will be omitted. 
0.178 Also, the difference between the liquid crystal 
display according to the fifth embodiment and the liquid 
crystal display according to the fourth embodiment is only 
the forms of the transflective layer and the color filter, and 
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thus description of the transflective layer and the color filter 
will be given in detail with reference to FIG. 17. 
0179 FIG. 17 is a diagram illustrating only the trans 
flective layer, the color filter, and the transparent electrodes 
on the lower Substrate in the liquid crystal display according 
to the fifth embodiment, wherein FIG. 17(A) is a plan view 
for describing the overlapping of the transflective layer and 
the color filter, and FIG. 17(B) is a cross-sectional diagram 
along line C-C shown in FIG. 17(A). 
0180. Note that in FIG. 17, the components held in 
common with the fourth embodiment are denoted with the 
Same reference numerals. 

0181. As with the transparent electrodes 8 provided on 
the lower substrate 2, the transflective layer 61 is extended 
and provided in a Stripe form in the direction vertical to the 
paper So as to be orthogonal to the transparent electrode 7 
provided on the upper substrate 3, and provided with the 
Same pitch as the transparent electrodes 8 provided on the 
lower substrate 2. Then, as shown in FIG. 17(B), the width 
of the pattern of the transparent electrodes 8 provided on the 
lower substrate 2 is formed so as to be greater than the width 
of the metal film pattern making up the transflective layer 
61, So that band-shaped areas where the metal film making 
up the transflective layer 61 and the transparent electrodes 8 
do not overlap in a parallel manner Serve as transmissive 
areas 61a, and the entire area where the metal film is 
provided serves as a reflective area 61b. 
0182 On the other hand, as with the fourth embodiment, 
the color filter 101 is provided for each of the pixels making 
up the display area, including pigment layerS 111 repeatedly 
arrayed in the order of the red layer 111R, the green layer 
111G, and the blue layer 111B, with the red layer 111R and 
green layer 111G and blue layer 111B extending in the 
direction vertical to the paper So as to be orthogonal to the 
transparent electrode 7 provided on the upper Substrate 3. 
0183) As shown in FIG. 17, the pigment layers 111R, 
111G, and 111B are provided on the entirety of the area 
overlapping the transmissive areas 61a of the transflective 
layer 61 in a planar manner, and an area excluding a part of 
an area overlapping the reflective area 61b of the transflec 
tive layer 61 in a planar manner with the pigment layers 
111R, 111G, and 111B opened in stripe forms. 
0184. Accordingly, the color filter 101 includes a pigment 
layer formation area where the pigment layers 111R, 111G, 
and 111B are formed, and pigment layer non-formation 
areas 111D, 111E, and 111F which are a part of an area 
overlapping with the reflective area 61b in a planar manner 
and where the pigment layers 111R, 111G, and 111B are not 
provided. 

0185. Also, with this liquid crystal display, the dimension 
of the pigment formation area, i.e., the dimension of the 
pigment layers 111R, 111G, and 111B, is set so as to be 
smaller in the order of the red layer 111R, the blue layer 
111B, and the green layer 111G, as with the fourth embodi 
ment. 

0186 Such a liquid crystal display also has pigment layer 
non-formation areas 111D, 111E, and 111F at a part of an 
area overlapping with the reflective area 61b of the trans 
flective layer 61 in a planar manner, as with the fourth 
embodiment, So that a part of the external light incident on 
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the liquid crystal display in the reflective mode passes 
through the pigment layer non-formation areas 111D, 111E, 
and 111F, and the light passing through the color filter 101 
twice in the reflective mode is the sum of the uncolored light 
which has passed through the pigment layer non-formation 
areas 111D, 111E, and 111F and the colored light which has 
passed through the pigment layerS 111. On the other hand, 
the light which is incident from the back-light 5 in the 
transmissive mode and passes through the transmissive areas 
61a all passes through the pigment layer 111, So that light 
passing through the color filter 101 once in the transmissive 
mode is all colored. Accordingly, the difference in color 
concentration between the light passing through the color 
filter twice in the reflective mode and the light passing 
through the color filter once in the transmissive mode can be 
reduced. 

0187 Consequently, a color transflective liquid crystal 
display capable of display with good coloring and high 
visibility both in the reflective mode and transmissive mode 
can be realized. 

0188 Moreover, with the liquid crystal display according 
to the present embodiment as well, the pigment layer 111 is 
formed of the red layer 111R, the green layer 111G, and the 
blue layer 111B, with the dimension of the pigment layers 
111R, 111G, and 111B being smaller in the order of the red 
layer 111R, the blue layer 111B, and the green layer 111G. 
The color properties of the color filter 101 are adjusted by 
changing the dimension of the pigment layerS 111R, 111G, 
and 111B, so that the color reproduction can be improved 
even further, and a liquid crystal display with even more 
excellent display quality can be realized. 
0189 Also, in accordance with Such a liquid crystal 
display, with regard to the transflective layer 61, the width 
of the pattern of the transparent electrodes 8 provided on the 
lower substrate 2 is formed so as to be greater than the width 
of the metal film pattern making up the transflective layer 
61, thereby forming band-shaped transmissive areas 61a and 
reflective areas 61b are formed. Thus, irregularities in the 
longitudinal direction of the openings are reduced as com 
pared to a transflective layer with window-like openings, 
providing Stability from the perspective of manufacturing. 

0.190 FIG. 18 is a diagram illustrating an example of 
another liquid crystal display according to the present inven 
tion, and is a partial croSS-Sectional view illustrating an 
example of a passive matrix transflective color liquid crystal 
display wherein a color filter is provided on the inner side of 
the upper substrate. Also, FIG. 19 is a diagram illustrating 
only the transflective layer and color filter of the liquid 
crystal display shown in FIG. 18, wherein FIG. 19(A) is a 
plan view for describing the overlapping of the transflective 
layer and the color filter, and FIG. 19(B) is a cross-sectional 
view along B-B' shown in FIG. 19(A). 
0191) Note that in FIG. 18 and FIG. 19, the components 
held in common with the fourth embodiment are denoted 
with the same reference numerals, and accordingly detailed 
description thereof will be omitted. 
0192 The liquid crystal display shown in FIG. 18 has a 
Schematic configuration having a liquid crystal panel 100 
and a back-light (illumination device) 5 disposed at the rear 
side of the liquid crystal panel 100 (at the outer side of the 
lower substrate 2). 
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0193 Also, the liquid crystal panel 100 has a schematic 
configuration including a liquid crystal layer 4 Sandwiched 
between the lower substrate 2 and upper substrate 3 disposed 
facing one another, as with the fourth embodiment. 
0194 The lower substrate 2 has on the inner side thereof 
a transflective layer 6 and an insulating film 23 in that order, 
with a stripe-shaped transparent electrode 8 (a common 
electrode here) formed of a transparent conductive film Such 
as ITO or the like extending Sideways in the drawing upon 
the insulating film 23, and with an alignment layer 9 
disposed above the transparent electrode 8 So as to cover the 
transparent electrode 8. Also, a /4 wavelength plate 18, a 
lower polarizer 14, and a reflecting polarizer 19, are dis 
posed on the outer side of the lower substrate 2, as with the 
fourth embodiment. 

0195 On the other hand, a color filter 20 is layered on the 
inner side of the upper substrate 3, with a shielding film 42 
of a black-colored resin material or the like provided 
between the pigment layerS 21R, 21G, and 21 B making up 
the color filter 20. Also, a transparent smoothing film 22 for 
smoothing the unevenness formed by the color filter 20 is 
layered below the color filter 20. Further, stripe-shaped 
transparent electrodes (segment electrodes here) 7 formed of 
a transparent conductive film such as ITO or the like are 
extended in a direction orthogonal to the transparent elec 
trode 8 disposed on the lower substrate 2 (in the vertical 
direction to the paper) under the Smoothing film 22, and an 
alignment layer 15 is disposed below the transparent elec 
trodes 7 so as to cover the transparent electrodes 7. 
0196. Also, a forward scattering plate 16, a retardation 
film 17, and an upper polarizer 13 are layered and disposed 
in that order on the Outer Side of the upper Substrate 3, as 
with the fourth embodiment. Also, a reflector 51 is disposed 
on the lower face side of the back-light 5 (the side opposite 
from the liquid crystal panel 1), as with the fourth embodi 
ment. 

0.197 Next, the planar overlapping of the transflective 
layer and the color filter in the liquid crystal display shown 
in FIG. 18 will be described. With the liquid crystal display 
shown in FIG. 18, the position of the liquid crystal display 
according to the fourth embodiment shown in FIG. 15 and 
the position of the color filter thereof are different, but the 
planar Overlapping of the transflective layer and the color 
filter is the same as that in the fourth embodiment. 

0198 The transflective layer 6 is the same as that in the 
fourth embodiment and, as shown in FIG. 19, is formed by 
opening metal film in the form of windows, including, for 
each pixel, transmissive areas 6a and a reflective area 6b. 
0199. On the other hand, the color filter 20 includes 
pigment layerS 21 repeatedly arrayed in the order of the red 
layer 21R, green layer 21G, and blue layer 21B, with the red 
layer 21R, the green layer 21G, and the blue layer 21B 
extending in the direction vertical to the paper So as to be 
orthogonal to the transparent electrode 8 provided on the 
lower Substrate 2. 

0200. As shown in FIG. 19, the pigment layers 21R, 
21G, and 21B are provided on the entirety of the area 
overlapping the transmissive areas 6a of the transflective 
layer 6 in a planar manner, and an area excluding a part of 
an area overlapping the reflective area 6b of the transflective 
layer 6 in a planar manner with the pigment layerS 21R,21G, 
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and 21B opened in window fashion. Thus, the color filter 20 
includes a pigment layer formation area wherein the pigment 
layerS 21 are provided, and pigment layer non-formation 
areas 21D, 21E, and 21F which are a part of an area 
overlapping with the reflective area 6b in a planar manner 
and where the pigment layers 21R, 21G, and 21B are not 
provided. Also, with this liquid crystal display, the dimen 
Sion of the pigment formation area, i.e., the dimension of the 
pigment layers 21R,21G, and 21B, is set to be smaller in the 
order of the red layer 21R, the blue layer 21B, and the green 
layer 21G, as with the fourth embodiment. 
0201 AS shown in FIG. 18, with such a liquid crystal 
display as well, as the light which is emitted externally from 
the upper Substrate 3 Side in the reflective mode, there are 
light 30a which passes through the pigment layerS 21R, 
21G, and 21B, and light 30b which passes through the 
pigment layer non-formation areas 21D, 21E, and 21F, and 
only the light 30a which has passed through the pigment 
layers 21R,21G, and 21B is colored, and the light 30b which 
has passed through the pigment layer non-formation areas 
21D, 21E, and 21F is not colored. Accordingly, as with the 
fourth embodiment, with Such a liquid crystal display, the 
light emitted externally from the upper substrate 3 side in the 
reflective mode is the sum of the uncolored light 30b and the 
colored light 30b. 
0202 On the other hand, the light externally emitted from 
the upper Substrate 3 side in the transmissive mode also 
becomes colored light 50a which has passed through the 
pigment layers 21 of the color filter 20 once, as with the 
fourth embodiment. 

0203 Accordingly, with the liquid crystal display accord 
ing to the present embodiment as well, the difference in 
color concentration between the light passing through the 
color filter 20 twice in the reflective mode and the light 
passing through the color filter 20 once in the transmissive 
mode can be reduced. Consequently, a color transflective 
liquid crystal display capable of display with good coloring 
and a high visibility both in the reflective mode and trans 
missive mode can be realized. 

0204 Moreover, with the liquid crystal display shown in 
FIG. 19, the pigment layer 21 is formed of the red layer 21R, 
the green layer 21G, and the blue layer 21B, with the 
dimension of the pigment layers 21R, 21G, and 21 B being 
smaller in the order of the red layer 21R, the blue layer 21B, 
and the green layer 21G. The color properties of the color 
filter 20 are adjusted by changing the dimension of the 
pigment layerS 21R,21G, and 21B, So that the color repro 
duction can be improved even further, and a liquid crystal 
display with even more excellent display quality can be 
realized. 

0205 FIG. 20 is a diagram illustrating an example of 
another liquid crystal display according to the present inven 
tion, and is a partial croSS-Sectional view illustrating an 
example of a passive matrix transflective liquid crystal 
display wherein transparent electrodes are directly provided 
on the transflective layer. Also, FIG. 21 is a diagram 
illustrating only the transflective layer, a color filter and 
transparent electrodes on the lower Substrate, in the liquid 
crystal display shown in FIG. 20, wherein FIG. 21(A) is a 
plan view for describing the overlapping of the transflective 
layer and the color filter, and FIG.21(B) is a cross-sectional 
view along D-D' shown in FIG. 21(A). 
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0206 Note that in FIG. 20 and FIG. 21, the components 
held in common with the fourth embodiment are denoted 
with the same reference numerals, and accordingly, detailed 
description will be omitted. 
0207. The liquid crystal display shown in FIG. 20 has a 
Schematic configuration having a liquid crystal panel 200 
and a back-light (illumination device) 5 disposed at the rear 
side of the liquid crystal panel 200 (at the outer side of the 
lower substrate 2). Also, the liquid crystal panel 200 has a 
Schematic configuration including a liquid crystal layer 4 
Sandwiched between the lower Substrate 2 and upper Sub 
Strate 3 disposed facing one another, as with the fourth 
embodiment. 

0208. The lower substrate 2 includes on the inner side 
thereof a transflective layer 62 formed of a metal film with 
high light reflecting property Such as aluminum or the like, 
and Stripe-shaped transparent electrodes 8 (Segment elec 
trodes here) disposed directly on the transflective layer 62 
and formed of a transparent electroconductive film Such as 
ITO or the like, both extending vertically in the drawing, and 
an alignment layer 9 disposed above the transparent elec 
trodes 8 So as to cover the transparent electrodes 8. Also, a 
/4 wavelength plate 18, a lower polarizer 14, and a reflecting 
polarizer 19, are disposed on the outer side of the lower 
Substrate 2, as with the fourth embodiment. 

0209. On the other hand, a color filter 104 is layered on 
the inner side of the upper substrate 3, with a shielding film 
43 provided between the pigment layers 114R, 114G, and 
114B making up the color filter 104. Also, a transparent 
smoothing film 32 for smoothing the unevenness formed by 
the color filter 104 is layered below the color filter 104. 
Further, a stripe-shaped transparent electrode (a common 
electrode here) 7 formed of a transparent conductive film 
ITO or the like is extended in a direction orthogonal to the 
transparent electrodes 8 disposed on the lower Substrate 2 (in 
the Sideways direction to the paper) under the Smoothing 
film 32, and an alignment layer 15 is disposed below the 
transparent electrode 7 So as to cover the transparent elec 
trode 7. 

0210 Also, at the outer side of the upper substrate 3, a 
forward Scattering plate 16, a retardation film 17, and an 
upper polarizer 13 are layered and disposed in that order, as 
with the fourth embodiment. Also, a reflector 51 is disposed 
on the lower face side of the back-light 5 (the side opposite 
from the liquid crystal panel 1), as with the fourth embodi 
ment. 

0211 Next, the planar overlapping of the transflective 
layer and the color filter in the liquid crystal display shown 
in FIG. 20 will be described. 

0212. The transflective layer 62, as with the fifth embodi 
ment, is provided with the same pitch as the transparent 
electrodes 8 provided on the lower substrate 2, and as shown 
in FIG. 21.(B), the width of the pattern of the transparent 
electrodes 8 provided on the lower Substrate 2 is formed so 
as to be greater than the width of the metal film pattern 
making up the transflective layer 62, So that band-shaped 
areas where the metal film making up the transflective layer 
62 and the transparent electrodes 8 do not overlap in a planar 
manner Serve as transmissive areas 62a, and the entire area 
where the metal film is provided Serves as a reflective area 
62b. 
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0213. On the other hand, the color filter 104 is provided 
corresponding to each of the pixels making up the display 
area as with the fourth embodiment, and includes pigment 
layers 114 repeatedly arrayed in the order of the red layer 
114R, the green layer 114G, and the blue layer 114B, with 
the red layer 114R, green layer 114G, and blue layer 114B 
extending in the direction vertical to the paper So as to be 
orthogonal to the transparent electrode 7 provided on the 
upper Substrate 3. 

0214. As shown in FIG. 21, the green layer 114G is 
provided on the entirety of the area overlapping the trans 
missive areas 62a of the transflective layer 62 in a planar 
manner, and an area excluding a part of an area overlapping 
the reflective area 62b of the transflective layer 62 in a planar 
manner with the green layer 114G opened in Stripe fashion. 
Thus, the color filter 104 has a pigment layer formation area 
wherein the pigment layers 114R, 114G, and 114B are 
provided, and a pigment layer non-formation area 114E 
which is a part of an area overlapping with the reflective area 
62b in a planar manner and where the green layer 114G is 
not provided. Also, with this liquid crystal display, the 
dimension of the pigment formation area, i.e., the dimension 
of the pigment layers 114R, 114G, and 114B, is set to be 
smaller in the order of the red layer 114R, the blue layer 
114B, and the green layer 114G. 

0215. As shown in FIG. 20, with such a liquid crystal 
display as well, as the light which is emitted externally from 
the upper Substrate 3 Side in the reflective mode, there are 
light 30a which passes through the pigment layers 114R, 
114G, and 114B, and light 30b which passes through the 
pigment layer non-formation area 114E, and only the light 
30a which has passed through the pigment layers 114R, 
114G, and 114B is colored, and the light 30b which has 
passed through the pigment layer non-formation area 114E 
is not colored. Accordingly, with Such a liquid crystal 
display as well, the light emitted externally from the upper 
Substrate 3 side when in the reflective mode is the Sum of the 
uncolored light 30b and the colored light 30b, as with the 
forth embodiment. 

0216. On the other hand, the light externally emitted from 
the upper Substrate 3 side in the transmissive mode also 
becomes colored light 50a which has passed through the 
pigment layers 114 of the color filter 104 once, as with the 
fourth embodiment. 

0217. Accordingly, with the liquid crystal display accord 
ing to the present embodiment as well, the difference in 
color concentration between the light passing through the 
color filter 104 twice in the reflective mode and the light 
passing through the color filter 104 once in the transmissive 
mode can be reduced. Consequently, a color transflective 
liquid crystal display capable of display with good coloring 
and a high visibility both in the reflective mode and trans 
missive mode can be realized. 

0218 Moreover, with the liquid crystal display according 
to the present embodiment, the pigment layer 114 is formed 
of the red layer 114R, the green layer 114G, and the blue 
layer 114B, with the dimension of the pigment layers 114R, 
114G, and 114B being smaller for the green layer 114G than 
for the red layer 114R and blue layer 114B, and the color 
properties of the color filter 104 are adjusted by changing the 
dimension of the green layer 114G, So that the color repro 
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duction can be improved even further, and a liquid crystal 
display with even more excellent display quality can be 
realized. 

0219. Further, the pigment layer non-formation area 
114E is provided only to the green layer 114G which 
contributes to colorization of green, which is the most 
Visually effective color, So that excellent colorization can be 
obtained, and deterioration of reflectance due to providing 
the pigment layer non-formation area 114E can be reduced. 

0220) Further, with the liquid crystal display according to 
the present embodiment, the transparent electrodes 8 formed 
of a transparent electroconductive film are directly disposed 
on the transflective layer 62 formed of a metal film, so that 
the resistance value of the transparent electrodes 8 can be 
reduced, thereby reducing color unevenneSS in display. 

0221) With the eighth embodiment, the overall configu 
ration of the liquid crystal display is the same as the fourth 
embodiment shown in FIG. 15, and accordingly detailed 
description will be omitted. 

0222 Also, the liquid crystal display according to the 
eighth embodiment has different area for the transmissive 
areas of the sub-pixels as with the above-described first 
embodiment, and also is formed So that the dimensions of 
the pigment layer non-formation areas in the pigment layer 
differ as with the above-described fourth embodiment. 
Accordingly, detailed description of the configurations 
which are the Same as the liquid crystal display according to 
the first embodiment and the liquid crystal display according 
to the fourth embodiment will be omitted, and description of 
the forms of the transflective layer and a color filter which 
are the characteristic parts of the liquid crystal display 
according to the eighth embodiment will be given in detail, 
with reference to the drawings. 

0223 Note that in the eighth embodiment, description 
will be made regarding a case of using illumination light 
wherein the luminance of wavelengths corresponding to 
green is Stronger that the luminance of other wavelengths, 
and wherein the luminance of wavelengths corresponding to 
blue is weaker than the luminance of other wavelengths. 

0224 FIG. 32 is a diagram illustrating the transflective 
layer and color filter of the liquid crystal display according 
to the eighth embodiment, and is a diagram corresponding to 
FIG. 16(A) described in the fourth embodiment. 
0225. In FIG. 32, reference numeral 703 denotes a trans 
flective layer. The transflective layer 703 has, for each pixel, 
transmissive areas 701 formed by opening the metal film in 
window fashion for transmitting light emitted from the 
back-light 5 or incident light from the upper substrate 3, and 
reflective area 702 (hatched diagonally upwards toward the 
right in FIG.32) for reflecting incident light from the upper 
Substrate 3, as with the fourth embodiment. 

0226 However, unlike the fourth embodiment, in the 
present embodiment as shown in FIG. 32, the transflective 
layer 703 is such that the dimension of the opening portions 
corresponding to each of the Sub-pixels 751R, 751G, and 
751B, making up each pixel 751, that is to say, the dimen 
Sion of the transmissive areas 701R, 701G, and 701B, 
making up the transflective layers 703R, 703G, and 703B, 
and the dimension of the reflective areas 702R, 702G, and 
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702B, are at dimension ratioS according to the Spectral 
properties of the illumination light emitted from the illumi 
nation device 5. 

0227. On the other hand, as with the fourth embodiment, 
the color filter is provided for each of the pixels making up 
the display area, including pigment layerS 711 repeatedly 
arrayed in the order of the red layer 711R, green layer 711G, 
and blue layer 711B, with the red layer 711R and green layer 
711G and blue layer 711B extending so as to be orthogonal 
to the transparent electrode 7 provided on the upper Sub 
strate 3. 

0228) As shown in FIG. 32, the pigment layers 711R, 
711G, and 711B, are provided on the entirety of the area 
overlapping the transmissive areas 701R, 701G, and 701B of 
the transflective layers 703R, 703G, and 703B in a planar 
manner, and an area excluding a part of an area overlapping 
the reflective areas 702R, 702G, and 702B in a planar 
manner with the pigment layers 711R, 711G, and 711B 
opened in window forms. Accordingly, the color filter 
includes a pigment layer formation area where the pigment 
layers 711R, 711G, and 711B are formed, and pigment layer 
non-formation areas 711D, 711E, and 711F which are a part 
of an area overlapping with the reflective areas 702R, 702G, 
and 702B in a planar manner and where the pigment layers 
711R, 711G, and 711B are not provided. 

0229. With the present embodiment, with regard to the 
sub-pixel 751G where the green layer (green color filter) 
711G is formed, the dimension of the transmissive area 
701G corresponding thereto is smaller in comparison to the 
sub-pixels 751R and 751B corresponding to the other colors. 
Conversely, with regard to the sub-pixel 751B where the 
blue layer (blue color filter) 711B is formed, the dimension 
of the transmissive area 701B corresponding thereto is larger 
in comparison to the sub-pixels 751R and 751G correspond 
ing to the other colors. 
0230. Also, with this liquid crystal display, the dimension 
of the pigment layer formation area, i.e., the dimension of 
the pigment layers 711R, 711G, and 711B is set to be smaller 
in the order of the blue layer 711B, the red layer 711R, and 
the green layer 711G. 

0231. With Such a liquid crystal display, the display 
colors and brightness are adjusted by performing both of the 
following first adjustment and Second adjustment. 

0232 For the first adjustment, the brightness is adjusted 
Such that transmittance Sufficient for obtaining bright light 
can be obtained in the transmissive mode by changing the 
ratio of the transmissive areas 701R, 701G, and 701B, and 
the reflective areas 702R, 702G, and 702B. 

0233. Also, the sub-pixel 751G where the green layer 
711G is formed is made to be smaller in comparison with the 
other sub-pixels 751R and 751B, and the sub-pixel 751B 
where the blue layer 711B is formed is made to be larger in 
comparison with the other sub-pixels 751R and 751G, 
thereby changing the ratio of the transmissive areas 701R, 
701G, and 701B, and the reflective areas 702R, 702G, and 
702B. Thus, there is sufficient light of the wavelengths 
corresponding to the red light and blue light which have 
comparatively low luminance in the illumination light pass 
ing through the transflective layer 703, while light with the 
wavelength corresponding to green which have compara 
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tively high luminance is restricted to pass through the 
transflective layer 703, thereby adjusting the color display. 
0234 For the second adjustment, the brightness is 
adjusted Such that transmittance Sufficient for obtaining 
bright light in the reflective mode can be obtained by 
changing the ratio of the dimension of the pigment layer 
formation area which is the dimension of the pigment layers 
711R, 711G, and 711B, and the dimension of the pigment 
layer non-formation areas 711D, 711E, and 711F. 
0235 Also, the dimension of the pigment layers 711R, 
711G, and 711B, is set to be smaller in the order of the blue 
layer 711B, the red layer 711R, and the green layer 711G, 
and the ratio of the dimension of the pigment layer formation 
area which is the dimension of the pigment layers 711R, 
711G, and 711B, as to the dimension of the pigment layer 
non-formation areas 711D, 711E, and 711F, is changed. 
Thus, the color properties of the color filter are adjusted, and 
display color is adjusted. 

0236 Note that display color in the reflective mode is 
changed in the first adjustment by changing the dimension of 
the reflective areas 702R, 702G, and 702B accompanying 
changing the ratio of the transmissive areas 701R, 701G, and 
701B and the reflective areas 702R, 702G, and 702B. Even 
in the event that the display color in the reflective mode has 
changed due to the first adjustment, the Second adjustment 
performs compensation, and change in the display color in 
the reflective mode due to the first adjustment can be 
prevented from causing problems in the display color in the 
actual reflective mode when the Second adjustment is per 
formed in consideration of the change in display color by the 
first adjustment. 
0237 With the liquid crystal display according to the 
present embodiment, both the first adjustment which can be 
carried out by changing the ratio of the transmissive areas 
701R, 701G, and 701B, and the reflective areas 702R, 702G, 
and 702B, and the second adjustment which can be carried 
out by changing the ratio of the dimension of the pigment 
layer formation area and the dimension of the pigment layer 
non-formation areas 711D, 711E, and 711F, are performed, 
So in the event that the transmissive areas 701R, 701G, and 
701B are enlarged to improve transmittance in the first 
adjustment So that bright display can be obtained in the 
transmissive mode, and the reflective areas 702R, 702G, and 
702B become small, reducing the dimension of the pigment 
layer non-formation areas 711D, 711E, and 711F in the 
Second adjustment allows reflectance Sufficient for obtaining 
bright light in the reflective mode to be obtained. Accord 
ingly, there is no problem that the display in the reflective 
mode becomes dark even in the event that the transmissive 
areas 701R, 701G, and 701B are enlarged so that bright 
display can be obtained in the transmissive mode. 
0238. Thus, according to the above-described liquid crys 
tal display, brightness can be effectively adjusted, and a 
bright display can be made both in the reflective mode and 
the transmissive mode. 

0239). With the liquid crystal display according to the 
present embodiment, both the first adjustment which can be 
carried out by changing the ratio of the transmissive areas 
701R, 701G, and 701B, and the reflective areas 702R, 702G, 
and 702B, and the second adjustment which can be carried 
out by changing the ratio of the dimension of the pigment 
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layer formation area and the dimension of the pigment layer 
non-formation areas 711D, 711E, and 711F, are performed, 
So that display color can be effectively adjusted, and 
extremely excellent color reproduction can be obtained. 
0240 Specifically, with the liquid crystal display accord 
ing to the present embodiment, the effects which irregulari 
ties in Spectral properties of the illumination light have on 
the observed light can be Suppressed, and event in the event 
that transmissive display is performed using illumination 
light wherein the luminance of wavelengths corresponding 
to the green light is greater than the luminance of the other 
wavelengths, and wherein the luminance of wavelengths 
corresponding to the blue light is Smaller than the luminance 
of the other wavelengths, situations wherein the image 
Visually recognized by the observer is colored, can be 
avoided. In other words, as with the first embodiment, the 
non-uniformity in the Spectral properties of the illumination 
light is compensated, thereby realizing good color repro 
duction. 

0241 Further, whereas the first embodiment is only 
adjustment of the display color and brightness equivalent to 
the first adjustment in the present embodiment, and the 
fourth embodiment is only adjustment of the display color 
and brightness equivalent to the Second adjustment in the 
present embodiment, both the first adjustment and Second 
adjustment are performed with the liquid crystal display 
according to the present embodiment, So that color repro 
duction can be improved even further, and a liquid crystal 
display with even more excellent display quality can be 
realized. 

0242 Moreover, with this liquid crystal display, pigment 
layer non-formation areas 711D, 711E, and 711F are formed 
at a part of the area overlapping the reflective areas 702R, 
702G, and 702B of the transflective layers 703R, 703G, and 
703B in a planar manner, so that part of the external light 
incident onto the liquid crystal display in the reflective mode 
passes through the pigment layer non-formation areas 711D, 
711E, and 711F. Further, the light passing trough the color 
filter twice in the reflective mode is the Sum of the uncolored 
light which has passed through the pigment layer non 
formation areas 711D, 711E, and 711F and the colored light 
which has passed through the pigment layers 711. On the 
other hand, the light which is incident from the back-light 5 
in the transmissive mode and passes through the transmis 
sive areas 701R, 701G, and 701B, all passes through the 
pigment layer 711, So that light passing through the color 
filter once in the transmissive mode is all colored. Accord 
ingly, the difference in color concentration between the light 
passing through the color filter twice in the reflective mode 
and the light passing through the color filter once in the 
transmissive mode can be reduced. 

0243 Consequently, as with the fourth embodiment, a 
color transflective liquid crystal display capable of display 
with good coloring and high visibility both in the reflective 
mode and transmissive mode can be realized. 

0244 With the ninth embodiment, the overall configura 
tion of the liquid crystal display is the same as the fifth 
embodiment shown in FIG. 17, and accordingly detailed 
description will be omitted. 
0245 Also, the liquid crystal display according to the 
ninth embodiment has different dimensions for the trans 
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missive areas of the Sub-pixels and also is formed So that the 
dimensions of the pigment layer non-formation areas in the 
pigment layers differ, as with the above-described eighth 
embodiment. Accordingly, the liquid crystal display accord 
ing to the ninth embodiment differs from the liquid crystal 
display according to the eighth embodiment only in the 
forms of the transflective layer and color filter. Accordingly, 
the transflective layer and the color filter will be described 
in detail, with reference to the drawings. 
0246 FIG. 33 is a diagram illustrating the transflective 
layer and the color filter of the liquid crystal display accord 
ing to the ninth embodiment, and is a diagram corresponding 
to FIG. 17(A) described with the fifth embodiment. 
0247. In FIG.33, reference numeral 803 denotes a trans 
flective layer. As with the fifth embodiment, the transflective 
layer 803 is extended and provided in a stripe form in the 
direction vertical to the paper So as to be orthogonal to the 
transparent electrode 7 provided on the upper Substrate 3, 
and provided with the Same pitch as the transparent elec 
trodes 8 provided on the lower substrate 2. Then, as shown 
in FIG. 33, the width of the pattern of the transparent 
electrodes 8 provided on the lower Substrate 2 is formed so 
as to be greater than the width of the metal film pattern 
making up the transflective layer 803, so that band-shaped 
areas where the metal film making up the transflective layer 
803 and the transparent electrodes 8 do not overlap in a 
planar manner Serve as transmissive areas 801, and the entire 
area where the metal film is provided Serves as a reflective 
area 802 (hatched diagonally upwards toward the right in 
FIG. 33). 
0248 However, unlike the fifth embodiment, with the 
present embodiment, as shown in FIG. 33, the transflective 
layer 803 is such that the areas along the edges of the 
sub-pixels 851R, 851G, and 851B, making up each pixel 
851, that is to say, the dimension of the transmissive areas 
801R, 801G, and 801B, making up the transflective layers 
803R, 803G, and 803B, and the dimension of the reflective 
areas 802R, 802G, and 802B, are at dimension ratios accord 
ing to the Spectral properties of the illumination light emitted 
from the illumination device 5. 

0249 On the other hand, as with the fifth embodiment, 
the color filter is provided for each of the pixels making up 
the display area, including pigment layerS 811 repeatedly 
arrayed in the order of the red layer 811R, green layer 811G, 
and blue layer 811B, with the red layer 811R, the green layer 
811G, and blue layer 811B extending so as to be orthogonal 
to the transparent electrode 7 provided on the upper Sub 
strate 3. 

0250) As shown in FIG. 33, the pigment layers 811R, 
811G and 811B, are provided on the entirety of the area 
overlapping the transmissive areas 801R, 801G, and 801B of 
the transflective layers 803R, 803G, and 803B in a planar 
manner, and an area excluding a part of an area overlapping 
the reflective areas 802R, 802G, and 802B of the transflec 
tive layers 803R, 803G, and 803B in a planar manner with 
the pigment layers 111R, 111G, and 111B opened in stripe 
forms. 

0251 Accordingly, the color filter includes a pigment 
layer formation area where the pigment layers 811R, 811G, 
and 811B are formed, and pigment layer non-formation 
areas 811D, 811E, and 811F which are a part of an area 
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overlapping with the reflective areas 802R, 802G, and 802B 
in a planar manner and where the pigment layerS 811R, 
811G, and 811B are not provided. 
0252 Also, in the present embodiment, with regard to the 
sub-pixel 851G where the green layer (green color filter) 
811G is formed, the dimension of the transmissive area 
801G corresponding thereto is smaller in comparison to the 
sub-pixels 851R and 851B corresponding to the other colors, 
as with the eighth embodiment. Conversely, with regard to 
the sub-pixel 851B where the blue layer (blue color filter) 
811B is formed, the dimension of the transmissive area 801B 
corresponding thereto is greater in comparison to the Sub 
pixels 851R and 851G corresponding to the other colors. 
0253 Also, with this liquid crystal display, the dimension 
of the pigment formation area, i.e., the dimension of the 
pigment layers 811R, 811G, and 811B, is set so as to be 
smaller in the order of the blue layer 811B, the red layer 
811R, and the green layer 811G, as with the eighth embodi 
ment. 

0254. With such a liquid crystal display as well, the 
display colors and brightness can be adjusted by changing 
the ratio of the transmissive areas 801R, 801G, and 801B, 
and the reflective areas 802R, 802G, and 802B, and also by 
changing the ratio of the dimension of the pigment layer 
formation area and the dimension of the pigment layer 
non-formation areas 811D, 811E, and 811F. Accordingly, 
display color and brightness can be effectively adjusted. 
0255 Consequently, as with the eighth embodiment, a 
liquid crystal display capable of bright display both in the 
reflective mode and in transmissive mode, and extremely 
excellent color reproduction can be realized. 
0256 Further, with this liquid crystal display as well, 
pigment layer non-formation areas 811D, 811E, and 811F 
are formed, So that the difference in color concentration 
between the light passing through the color filter twice in the 
reflective mode and the light passing through the color filter 
once in the transmissive mode can be reduced, and a color 
transflective liquid crystal display capable of display with 
good colorization and high visibility both in the reflective 
mode and transmissive mode, can be realized. 
0257. It should be understood that the liquid crystal 
display according to the present invention is not restricted to 
the above-described embodiments, but rather may be 
arranged wherein, for example the transflective layer is 
formed of aluminum, and the pigment layer includes a blue 
layer and a red layer, wherein the dimension of the pigment 
layer formation area is Set So as to be Smaller for the blue 
layer than for the red layer. With Such a liquid crystal 
display, the dimension of the pigment layer formation area 
is set such as to be smaller for the blue layer than for the red 
layer, so even in the event that the light reflected by the 
transflective layer is colored blue due to the transflective 
layer being formed of aluminum, the light is compensated by 
passing through the color filter twice. Accordingly, a liquid 
crystal display with excellent color reproduction and high 
display quality can be realized. 
0258 Also, an arrangement may be made wherein the 
transflective layer is formed of Silver, and the pigment layer 
includes a red layer and a blue layer, wherein the dimension 
of the pigment layer formation area is Set Such as to be 
smaller for the red layer than for the blue layer. With Such 
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a liquid crystal display, the dimension of the pigment layer 
formation area is Set Such as to be Smaller for the red layer 
than for the blue layer, so that even in the event that the light 
reflected by the transflective layer is colored yellow due to 
the transflective layer being formed of silver, the light can be 
compensated by passing through the color filter twice. 
Accordingly, a liquid crystal display with excellent color 
reproduction and high display quality can be realized. 
0259 Also, with the liquid crystal display according to 
the present invention, the Smoothing film may be formed So 
as to cover over the color filter as in the example shown in 
the above-described embodiments, but anything that will 
smooth the unevenness formed by the color filter is suffi 
cient, and thus may be formed only on the pigment layer 
non-formation area of the color filter, for example. With an 
arrangement wherein the Smoothing film is formed only on 
the pigment layer non-formation area of the color filter, and 
an overcoat layer is provided over the Smoothing film, the 
thickness of the overcoat layer can be made thinner as 
compared to arrangements wherein an overcoat layer is 
provided without a Smoothing film. Also, an arrangement 
may be made wherein, for example, an overcoat layer is 
formed without a Smoothing layer, wherein the unevenneSS 
formed by the color filter is smoothed by the overcoat layer, 
So that the overcoat layer also serves as a Smoothing film. 
0260 Also, smoothing may be performed by embedding 
a Smoothing film in the pigment layer non-formation area, as 
with the example described in the above-described embodi 
ment, but Smoothing may be performed by forming a 
transparent layer separate from the smoothing film and 
embedding the pigment layer non-formation area, and then 
forming a Smoothing film over the transparent layer and the 
pigment layer formation area. 
0261 Also, the transflective layer refers to an article with 
reflecting functions provided with a transmitting portions, 
and needs not be a simple reflective layer. In other words, 
this may be a reflective polarizer with polarizing functions. 
Examples of reflective polarizers include circular polarizers 
using cholesteric liquid crystal, beam-splitter linear polar 
izers using Brewster's angle, wire grid linear polarizers 
wherein a plurality of slits around 60 nm are formed in a 
reflective layer, and So forth. 
0262 Also, though passive matrix liquid crystal displays 
can be given as examples of liquid crystal displays to which 
the present invention can be applied as with the above 
described embodiments, the present invention is also appli 
cable to active matrix liquid crystal displays using thin film 
diodes (TFD), thin film transistors (TFT), and so forth, as 
Switching devices. 
0263) Next, description will be given regarding electronic 
apparatus including the liquid crystal display according to 
the above embodiments. 

0264. First, an example wherein the above-described 
liquid crystal display is applied to the display unit of a 
cellular telephone will be described. FIG.22 is a perspective 
View illustrating the configuration of this cellular telephone. 
As shown in the figure, the cellular telephone 1032 com 
prises a plurality of operating buttons 1321, an earpiece 
1322, a mouthpiece 1323, and along with these, a display 
unit 1324 using the liquid crystal display according to the 
present invention (only the first substrate 3 is shown in FIG. 
22). 
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0265 FIG. 23 is a perspective view illustrating an 
example of a wristwatch-type electronic device. In FIG. 23, 
reference numeral 1100 denotes the main unit of the watch, 
and reference numeral 1101 denotes the liquid crystal dis 
play unit using the aforementioned liquid crystal display. 
0266 FIG. 24 is a perspective view illustrating an 
example of a mobile information processing device Such as 
a word processor, mobile personal computer, or the like. In 
FIG. 24, reference numeral 1200 denotes the information 
processing device, reference numeral 1202 denotes an input 
unit such as a keyboard, reference numeral 1204 denotes the 
main unit of the information processing device, and refer 
ence numeral 1206 denotes the liquid crystal display unit 
using the liquid crystal display. 
0267 Now, in addition to the cellular telephone shown in 
FIG. 22, the wristwatch-type electronic device shown in 
FIG. 23, and the personal computer shown in FIG. 24, 
examples of electronic apparatus include liquid crystal tele 
Visions, viewfinder or monitor-viewing video cassette 
recorders, car navigation devices, pagers, electronic note 
books, calculators, word processors, WorkStations, Video 
phones, POS terminals, equipment comprising touch panels, 
and the like. 

0268 As described above, with the liquid crystal display 
according to the present invention, irregularities in Spectral 
properties of the illumination light from the illumination 
device can be compensated and high color reproduction can 
be realized, which can be used to form an electronic appa 
ratus comprising a liquid crystal display with good coloring 
and high visibility both in the reflective mode and transmis 
Sive mode, and accordingly this is particularly Suitable for 
electronic apparatuses that require high-quality in display. 
0269. Next, the advantages of the present invention will 
be made clear through examples, but it should be understood 
that the present invention is not limited to the following 
embodiments. Also, the reflective film in the test example 1 
through the test example 4 is a Silver alloy colored yellow. 
0270. In a first test example, a liquid crystal display 
according to the fifth embodiment shown in FIG. 17 was 
fabricated, the dimension ratio of the transmissive area and 
the reflective area was set at 17:19, and dimension ratio of 
the pigment layer non-formation areas 111D, 111E, and 111F 
which are areas where the pigment layers 111R, 111G, and 
111B, are not formed, is further set such that the red layer 
111D: the green layer 111E: the blue layer 111F=4:14:6. 
0271 In a second test example, as shown in FIG. 25, a 
liquid crystal display was fabricated in the Same manner as 
the liquid crystal display according to the fifth embodiment 
shown in FIG. 17, except that the dimension ratio of the 
transmissive area and the reflective area was set at 17:19, 
and the dimension ratio of the pigment layer non-formation 
areas 112D, 112E.; and 112F in the color filter 102 which are 
areas where the pigment layers 112R, 112G, and 112B, are 
not formed, is further set such that the red layer 112D: the 
green layer 112E: the blue layer 112F=1:1:1. 
0272. In a third test example, as shown in FIG. 26, a 
liquid crystal display was fabricated in the Same manner as 
the liquid crystal display according to the fifth embodiment 
shown in FIG. 17, except that the dimension ratio of the 
transmissive area and the reflective area was Set at 11:25, 
and that there are no pigment layer non-formation areas in 
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the pigment layers 113R, 113G, and 113B of the color filter 
103, and that the color properties of the color filter were 
optimized (the color purity was lowered) to give priority to 
the display in the reflective mode. 
0273. Now, with regard to the above test example 1 
through test example 3, the test example 1 is an example of 
the present invention, and test example 2 and test example 
3 are comparative examples. 

0274 The light obtained in the reflective mode and in the 
transmissive mode was measured regarding the liquid crys 
tal displays according to test example 1 through test example 
3 thus manufactured. 

0275. The results thereof are shown in Table 1, and FIG. 
27 through FIG. 30. 
0276 FIG. 27 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 1, wherein FIGS. 27(A) is a 
chromaticity diagram of the light obtained in the reflective 
mode, and 27(B) is a chromaticity diagram of the light 
obtained in the transmissive mode. Also, FIG. 28 is a 
diagram illustrating the results of measuring the light emit 
ted from the liquid crystal display according to the test 
example 2, wherein FIGS. 28(A) is a chromaticity diagram 
of the light obtained in the reflective mode, and 28(B) is a 
chromaticity diagram of the light obtained in the transmis 
sive mode. Also, FIG.29 is a diagram illustrating the results 
of measuring the light emitted from the liquid crystal display 
according to the test example 3, wherein FIGS. 29(A) is a 
chromaticity diagram of the light obtained in the reflective 
mode, and 29(B) is a chromaticity diagram of the light 
obtained in the transmissive mode. 

TABLE 1. 

Reflective mode Transmissive mode 

White White Color 
Mode display Color range display range 
Properties reflectivity dimension transmittance dimension 

Test Example 1 26.3%. 1.73 x 10° 2.3%. 1.50 x 102 
Test Example 2 26.2% 1.55 x 10? 2.3% 1.50 x 102 
Test Example 3 34.1% 1.35 x 10? 2.1% 0.50 x 102 

0277 Here, the term “color range dimension” means the 
dimension of a triangle formed by connecting the three 
points of the X, y coordinates of the red, green, and blue 
display colors on a CIE chromaticity diagram. 
0278. The liquid crystal display according to the test 
example 3 which is a comparative example has a narrow 
color range dimension for both the light obtained in the 
reflective mode and the light obtained in the transmissive 
mode, as can be seen from Table 1, FIG. 29, and FIG. 30. 
0279 Also, the liquid crystal display according to the test 
example 2 which is a comparative example, has a color 
range dimension wider in comparison with the liquid crystal 
display according to the test example 3 for both the light 
obtained in the reflective mode and the light obtained in the 
transmissive mode, as can be seen from Table 1, FIG. 28, 
and FIG. 29. Moreover, there is sufficient white display 
reflectivity. However, with the light obtained in the reflective 
mode, the red display is purplish. 
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0280. In comparison, the liquid crystal display according 
to the test example 1, which is an example of the present 
invention, has a color range dimension wider in comparison 
with the liquid crystal display according to the test example 
3 for both the light obtained in the reflective mode and the 
light obtained in the transmissive mode, as can be seen from 
Table 1, FIG. 27, and FIG. 28, and has sufficient white 
display reflectivity. 

0281 Further, the color range dimension for the light 
obtained in the reflective mode is also wider in comparison 
with the liquid crystal display according to the test example 
2. Moreover, as with the liquid crystal display according to 
the test example 2, the color purity of the red display and 
blue display increases in the light obtained in the reflective 
mode. 

0282. Accordingly, it was confirmed that with the liquid 
crystal display according to the test example 1 which is an 
example of the present invention, there is little difference in 
color concentration between the light obtained in the reflec 
tive mode and the light obtained in the transmissive mode, 
color reproduction is excellent, and there is Sufficient white 
display reflectivity. 

0283 Thus, it is clear that in comparison with the liquid 
crystal displayS according to the test example 2 and test 
example 3 which are comparative examples, the liquid 
crystal display according to the test example 1 which is an 
example of the present invention has good coloring in both 
the reflective mode and the transmissive mode, and that 
display with high visibility can be made. 
0284. In a fourth test example, a liquid crystal display 
according to a seventh embodiment shown in FIG. 20 and 
FIG. 21 was made, with the dimension ratio of the trans 
missive area and the reflective area at 17:19, and further the 
dimension ratio of the area where the green layer 114G is 
formed and the pigment layer non-formation area 111E 
where the green layer 114G is not formed was set at 7:1, 
using a color filter with the Spectral properties shown in 
FIG. 31 as the color filter. That is, in comparison to the 
liquid crystal display according to the test example 1, the 
color purity of the green and the red color filters is increased, 
and instead the color purity of the blue color filter is lowered, 
thereby raising the transmittance. 
0285) Note that the above test example 4 is an example of 
the present invention. 

0286 The light obtained in the reflective mode and in the 
transmissive mode was measured regarding liquid crystal 
display according to the test example 4 thus manufactured, 
in the same manner as with the liquid crystal display 
according to the test example 1. The results thereof are 
shown in Table 2 and FIG. 30. 

0287 FIG. 30 is a diagram illustrating the results of 
measuring the light emitted from the liquid crystal display 
according to the test example 4, wherein FIG. 30(A) is a 
chromaticity diagram of the light obtained in the reflective 
mode, and FIG.30(B) is a chromaticity diagram of the light 
obtained in the transmissive mode. 
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TABLE 2 

Reflective mode 

Mode White Transmissive mode 

Properties display Color range White display Color range 
Proper reflectivity dimension transmittance dimension 

Test Example 4 26.0% 2.62 x 10.2 2.2% 2.65 x 102 

0288. As can be seen in Table 2 and FIG. 30, with the 
liquid crystal display according to the test example 4, though 
the white display reflectivity and transmittance did not 
change much in comparison to the liquid crystal display 
according to the test example 1, the color purity of green 
increased, and the color range dimension for the light 
obtained in the reflective mode and the light obtained in the 
transmissive mode was also improved a great deal. 

0289. Accordingly, providing a pigment layer non-for 
mation area 114E only for the green layer 114G that con 
tributes to coloring of green, which is the most visually 
effective color, allows excellent colorization to be obtained, 
and deterioration of white display reflectivity due to pro 
Viding the pigment layer non-formation area 114E can be 
reduced. 

0290 Also, lowering the color purity of the blue color 
filter to raise the transmittance, and providing the pigment 
layer non-formation area 114E only for the green layer 
114G, improved the yellow coloring owing to the reflective 
layer in the reflective mode being Silver. 

0291. In test examples 5-8, liquid crystal displays were 
fabricated, using the areas shown in Table 3 as the trans 
missive area, the pigment layer formation area which is the 
dimension of the pigment layers, and the pigment layer 
non-formation area. 

0292. Note that of the above test example 5 through test 
example 8, test example 5 through test example 7 are 
examples of the present invention, and test example 8 is a 
conventional example. 

0293 Also, an example of the dimensions of the com 
ponents for fabricating the liquid crystal display according 
to the test example 7 is shown in FIG. 33. The units of 
dimensions of the components shown in FIG.33 are in um, 
with the sub-pixel pitch at 237x79 (um), and the sub-pixel 
dimension at 14784 um’. 

TABLE 3 

Test Test Test Test 
example 8 example 5 example 6 example 7 

Dimension of Red 5824 6496 6496 6272 
transmissive 
area (um) Green 5824 4928 4928 4928 

Blue 5824 6496 6496 6270 
Dimension Red 8960 8288 7748 7072 
of pigment 
layer formation 
area (um) 

Green 8960 6796 6.256 4456 
Blue 8960 8288 8288 7344 
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TABLE 3-continued 

Test Test Test Test 
example 8 example 5 example 6 example 7 

Dimension of Red O O 540 1440 
pigment layer 
non-formation 
area (um) 

Green O 3060 36OO 54OO 
Blue O O O 720 

Reflectivity 17.1 2O.O 21.2 25.1 
(%) White X O.306 O.314 O.313 O.319 
display in 
reflective 
mode y O.335 O.327 O.325 O.324 
Transmittance 3.0 3.0 3.0 3.0 
(%) White X O.312 O.311 O311 O.310 
display in 
transmissive 
mode y O.339 O.324 O324 O.319 

0294 The white display x, y coordinates on the CIE 
chromaticity diagram in the reflective mode and the trans 
missive mode, the reflectivity, and the transmittance, were 
measured for the liquid crystal displays according to test 
example 5 through test example 8 thus fabricated. The 
results thereof are shown in Table 3. 

0295 With the liquid crystal display according to the test 
example 8, it can be understood that the white display in the 
reflective mode and the white display in the transmissive 
mode are greenish. Also, it can be understood that the 
reflectivity is low, and that the display in the reflective mode 
is dark. 

0296. In comparison, with the test example 5, in the state 
that the transmittance in the test example 8 was maintained, 
the width of the pattern of the metal film making up the 
transflective layer was adjusted to make the dimension of the 
transmissive area for the green Smaller, and to make the 
dimension of the transmissive area for red and the transmis 
Sive area for blue larger, and also a green pigment layer 
non-formation area was provided. 
0297 Consequently, with the test example 5, as shown in 
Table 3, the reflectivity improved in comparison with the test 
example 8, the greenness of the white display in the reflec 
tive mode and the transmissive mode was improved, coming 
closer to the ideal white display color coordinates (x=0.310, 
y=0.316) on the CIE chromaticity diagram. 
0298 Also, with the test example 6, in the state that the 
transmittance in the test example 8 and the dimension of the 
transmissive area in the test example 5 were maintained, the 
green pigment layer non-formation area was enlarged, and 
also a red pigment layer non-formation area was provided. 
0299 Consequently, with the test example 6, as shown in 
Table 3, the reflectivity improved even more in comparison 
with the test example 5, the greenness of the white display 
in the reflective mode was improved even further, coming 
even closer to the ideal white display color coordinates. 
0300 Also, with the test example 7, in the state that the 
transmittance in the test example 8 and the dimension of the 
green transmissive area in the test example 5 and the test 
example 6 were maintained, the green pigment layer non 
formation area was enlarged even further while reducing the 
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dimension of the red transmissive area and enlarging the 
dimension of the blue transmissive area, the red pigment 
layer non-formation area was enlarged, and a blue pigment 
layer non-formation area was provided. 
0301 Consequently, with the test example 7, as shown in 
Table 3, the reflectivity improved even more in comparison 
with the test example 6 with little change in the white 
display in the transmissive mode, coming even closer to the 
ideal white display color coordinates for white display in the 
transmissive mode. 

0302) It was thus confirmed from the test example 5 
through test example 8 that Securing transmittance whereby 
a bright display can be obtained in the transmissive mode 
while enlarging the dimension of the pigment layer non 
formation area allows sufficient reflectivity for a bright 
display in the reflective mode to be obtained, and that a 
liquid crystal display capable of a bright display in both the 
reflective mode and transmissive mode can be obtained. 

0303 Also, it was confirmed that a liquid crystal display 
capable of display with excellent color reproduction in both 
the reflective mode and transmissive mode can be obtained, 
by adjusting the dimension of the transmissive area and the 
dimension of the pigment layer non-formation area (pigment 
layer formation area). 
0304. In test example 9, a liquid crystal display according 
to an eight embodiment shown in FIG. 32 was fabricated 
wherein the transmissive areas 701R, 701G, and 701B, the 
pigment layer formation area which is the dimension of the 
pigment layers 711R, 711G, and 711B, and the pigment layer 
non-formation areas 711D, 711E, and 711F are the same 
dimension as the seventh embodiment shown in Table 3. 
Note that the test example 9 is an example of the present 
embodiment. 

0305 Also, FIG. 32 shows an example of the dimensions 
of the components for fabricating the liquid crystal display 
according to the eighth embodiment including the same 
dimensions as those of the components for the liquid crystal 
display according to the test example 7. The units of 
dimension of the components shown in FIG. 32 are in um, 
with the sub-pixel pitch at 237x79 (um), and the sub-pixel 
dimension at 14784 um. 
0306 The reflectivity, white display in the reflective 
mode, the transmittance, and the white display in the trans 
missive mode, were each measured for the liquid crystal 
display according to the test example 9 thus fabricated. 
Consequently, results the same as those of the Seventh 
example shown in Table 3 were obtained. 
0307 As shown in Table 3, with the liquid crystal display 
according to the test example 9, in comparison with the test 
example 8, the reflectivity improved, the greenneSS in the 
white display in the reflective mode and the transmissive 
mode was improved, being closer to white. 
0308 Accordingly, it was confirmed with the liquid crys 
tal display according to the eighth embodiment as well, as 
with the liquid crystal display according to the ninth 
embodiment, that a liquid crystal display capable of display 
with excellent color reproduction in both the reflective mode 
and transmissive mode can be obtained, and regardless of 
the shape of the transmissive area and pigment layer non 
formation area (pigment layer formation area), adjusting the 
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dimension of the transmissive area and pigment layer non 
formation area (pigment layer formation area) for each color 
enables a liquid crystal display capable of display with 
excellent color reproduction in both the reflective mode and 
transmissive mode to be obtained. 

0309 AS described above, according to the present 
invention, the percentage of transmissive area in the Sub 
pixels is a percentage according to the Spectral properties of 
the illumination light, So that even in the event that the 
Spectral properties of the illumination light used for trans 
missive display are not uniform, deterioration in color 
reproduction due to this can be Suppressed. 
0310 Also, with the liquid crystal display according to 
the present invention, the pigment layers are formed on the 
entirety of the area overlapping the transmissive area in a 
planar manner, and an area excluding a part of an area 
overlapping the reflective area in a planar manner, with a 
pigment layer formation area where the pigment layers are 
formed, and a pigment layer non-formation area at a part of 
an area overlapping the reflective area in a planar manner, So 
that the light passing trough the color filter twice in the 
reflective mode is the sum of the uncolored light which has 
passed through the pigment layer non-formation area and the 
colored light which has passed through the pigment layer 
formation area. 

0311. On the other hand, light passing through the color 
filter once in the transmissive mode is all colored. Accord 
ingly, the difference in color concentration between the light 
passing through the color filter twice in the reflective mode 
and the light passing through the color filter once in the 
transmissive mode can be reduced. Consequently, a color 
transflective liquid crystal display capable of display with 
good coloring and high visibility both in the reflective mode 
and transmissive mode can be realized. 

0312 Moreover, with the liquid crystal display according 
to the present invention, the dimension of the pigment layer 
formation area differs between at least one color pigment 
layer of the pigment layers and another color pigment layer, 
So that the color properties of the color filter can be adjusted 
by changing the dimension of the pigment layer formation 
area, thereby improving color reproduction, and realizing a 
liquid crystal display with excellent display quality. 
0313 Also, with the liquid crystal display according to 
the present invention, a transparent film for Smoothing the 
Steps between the pigment layer formation area and the areas 
where the pigment layers are provided is provided, So that 
adverse effects due to the Steps between the pigment layer 
formation area and the areas where the pigment layers are 
not provided can be prevented, thereby improving the reli 
ability of the liquid crystal display. 
What is claimed is: 

1. A liquid crystal display, comprising: 
a liquid crystal display panel formed of liquid crystals 

Sandwiched between a pair of opposing Substrates, and 
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including pixels having a plurality of Sub-pixels each 
corresponding to different colors, 

an illumination device provided to an opposite Side of the 
liquid crystal display panel in relation to an observation 
Side that illuminates the liquid crystal display panel 
with illumination light; 

a transflective layer disposed on the opposite Side of the 
liquid crystals in relation to the observation side with a 
transmissive portion that transmits the illumination 
light formed thereto, the transmissive portion being 
formed Such that a first dimension of a transmissive 
area corresponding to the transmissive portion of least 
at one Sub-pixel out of the plurality of Sub-pixels and a 
Second dimension of a transmissive area corresponding 
to the transmissive portion at another Sub-pixel, differ; 
and 

a color filter provided corresponding to each of the 
Sub-pixels that transmits light of a wavelength corre 
sponding to a color of each Sub-pixel. 

2. The liquid crystal display according to claim 1, the 
dimension of the transmissive area at each Sub-pixel being 
a dimension according to Spectral properties of the illumi 
nation light. 

3. The liquid crystal display according to claim 2, the 
dimension of the transmissive area at each Sub-pixel being 
a dimension according to the luminance of a wavelength of 
the illumination light corresponding to a color of the Sub 
pixel. 

4. The liquid crystal display according to claim 3, the 
dimension of the transmissive area at a Sub-pixel of a color 
corresponding to a wavelength of the illumination light with 
great luminance being Smaller than the dimension of the 
transmissive area at a Sub-pixel of a color corresponding to 
a wavelength of the illumination light with Small luminance. 

5. The liquid crystal display according to of claim 1, the 
dimension of the transmissive area at each of the Sub-pixels 
differs for each Sub-pixel corresponding to a different color. 

6. The liquid crystal display according to claim 1, the 
dimension of the transmissive area at each of the Sub-pixels 
differing according to a position of the Sub-pixel within a 
Substrate face of the liquid crystal display panel. 

7. The liquid crystal display according to claim 1, the 
transmissive portion being an opening portion formed in the 
transflective layer corresponding to each of the Sub-pixels. 

8. The liquid crystal display according to claim 7, the 
opening portion comprising opening parts of generally the 
Same dimension that are formed mutually Separated for the 
number according to the dimension of the transmissive area 
at the Sub-pixels. 

9. The liquid crystal display according to claim 1, the 
transflective layer having the transmissive portion formed 
Such that an area along at least one Side of a plurality of Sides 
defining each Sub-pixel Serves as the transmissive area. 

k k k k k 


