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(57) ABSTRACT 

To provide a semi-transmissive type color liquid crystal 
display device that is capable of realizing high color repro 
ducibility as Well as increase in re?ection brightness upon 
light transmission and upon light re?ection. In display pixel 
elements of a color ?lter substrate used in the semi-trans 

missive type color liquid crystal display device, a color ?lter 
layer formed on a re?ection part is thin and a color ?lter 

layer formed on a transmission part is thick, and a thickness 
of a metallic re?ective ?lm formed on the re?ection part is 

set to 0.2 pm or more. Further, the color layer ?lter at the 

transmission part and the color layer ?lter at the re?ection 
part are formed at the same time, and a continuous color 

?lter layer is obtained. 
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COLOR LIQUID CRYSTAL DISPLAY DEVICE AND 
METHOD OF MANUFACTURING THE SAME, 

AND METHOD OF MANUFACTURING A COLOR 
FILTER SUBSTRATE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a color liquid 
crystal display device used in a portable information device 
such as a mobile phone or an electronic notebook, a personal 
computer, or the like. In particular, the invention relates to 
a semi-transmissive type color liquid crystal display device 
serving both as a re?ection type color liquid crystal display 
device and a transmission type color liquid crystal display 
device, a method of manufacturing the same, and a method 
of manufacturing a color ?lter substrate. 

[0003] 2. Description of the Related Art 

[0004] As a color liquid crystal display device used for a 
display device in a mobile phone, a portable information 
device, or the like, three types: a transmission type, a 
re?ection type, and a semi-transmissive type of color liquid 
crystal display devices are used. Hereinafter, brief descrip 
tion Will be made of the three types of conventional color 
liquid crystal display devices With reference to the accom 
panying draWings. FIG. 1 is a sectional vieW of a conven 
tional transmission type color liquid crystal display device. 
A light shielding ?lm 4 and color ?lters 3 are formed on the 
surface of a loWer transparent substrate 1A. The color ?lter 
3 includes colored portions of three primary light colors: red 
(R), green (G), and blue (B) according to a pattern. That is, 
the colored portions of red, green, and blue are formed in the 
color ?lter 3 in an arbitrary pattern such as a stripe or a 
mosaic. The light shielding ?lm 4 is provided betWeen the 
colored portions as appropriate. A transparent ?attening ?lm 
5 is provided on the surfaces of the light shielding ?lm 4 and 
the color ?lters 3, and on top of the ?attening ?lm a 
transparent electrode 2A is formed in an arbitrary pattern. In 
the case of a passive type color liquid crystal display device, 
the transparent electrode 2A is formed in such a pattern that 
the transparent electrode crosses colored layers 3R, 3G, and 
3B of the color ?lters. That is, the transparent electrode 2A 
is formed as a common line. In the case of an active type 

color liquid crystal display device, the transparent electrode 
2A is not patterned, and may be left as it is in an electrode 
shape after performing ?lm formation by using a ?lm 
formation mask. Those layers are collectively referred to as 
a color ?lter substrate 6. 

[0005] As shoWn in the draWing, a gap betWeen the color 
?lter substrate 6 and a transparent substrate 1B as a counter 
substrate is uniformly maintained by sealing members 7 and 
spacers 9, and a liquid crystal 10 is ?lled in a space de?ned 
by the color ?lter substrate 6 and the transparent substrate 
1B. A display panel thus structured is sandWiched betWeen 
a pair of de?ection plates 12 and 13. In addition, orientation 
?lms (not shoWn) are provided on the surfaces of transparent 
electrodes (2A and 2B) (see Tatsuo Uchida (Nov. 1, 1994) 
“NeW Technology of Liquid Crystal Display”, p.167-174, 
published by Kogyochosakai Publishing Co., Ltd., for 
instance). 
[0006] FIG. 2 is a sectional vieW of a conventional 
re?ection type color liquid crystal display device. The 
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aforementioned description of the transmission type color 
liquid crystal display device of FIG. 1 Will be omitted. As 
shoWn in FIG. 2, a metallic re?ective ?lm 11 for re?ecting 
outside light is provided betWeen the transparent substrate 
1A and the color ?lters 3. Therefore, the de?ection plate 12 
becomes unnecessary unlike the transmission type display 
device shoWn in FIG. 1. In this case, the de?ection plate 13 
is often provided With a quarter-Wave plate for returning 
phase-shifted light due to re?ection at the metallic re?ective 
?lm 11 and a layer having a scattering function for glare 
prevention of regularly re?ected light at the metallic re?ec 
tive ?lm 11 (see Tatsuo Uchida (Nov. 1, 1994) “NeW 
Technology of Liquid Crystal Display”, p. 167-174, pub 
lished by Kogyochosakai Publishing Co., Ltd., for instance). 

[0007] FIG. 3 is a sectional vieW of a conventional 
semi-transmissive type color liquid crystal display device. 
The above-mentioned description regarding the color liquid 
crystal display devices Will be omitted. As shoWn in FIG. 3, 
the metallic re?ective ?lm 11 formed betWeen the transpar 
ent substrate 1A and color ?lters 3 is partially removed. 
Therefore, both functions of a re?ection part and a trans 
mission part are achieved in one piXel element. Further, the 
de?ection plate 12 is provided on the outer side surface of 
the transparent substrate 1A (see JP 11-52366 A (pages 2-4, 
FIG. 1), for instance). 

[0008] Subsequently, brief description Will be made of a 
method of manufacturing the conventional semi-transmis 
sive type color liquid crystal display device. First of all, as 
shoWn in FIG. 4A, the metallic re?ective ?lm 11 is formed 
on the surface of the transparent substrate 1A by a vacuum 
?lm formation method such as sputtering or a vacuum 
deposition method so as to have the thickness at a level in 
Which no light is transmitted therethrough. To obtain suf? 
cient light shielding property, the thickness of the metallic 
re?ective ?lm 11 needs to be 0.10 pm or more. In the case 
Where the metallic re?ective ?lm 11 is made of aluminum or 
an aluminum alloy, the thickness thereof is set to approxi 
mately 0.125 pm in general. In the case Where the metallic 
re?ective ?lm 11 is made of silver or a silver alloy, the 
thickness thereof is generally set to about 0.10 pm. Next, as 
shoWn in FIG. 4B, the metallic re?ective ?lm 11 is patterned 
by a photolithography method. Patterning is conducted such 
that the re?ection part and the transmission part are estab 
lished in each piXel element in a display screen of the display 
panel. In FIG. 4B, a part Where the metallic re?ective ?lm 
11 is left corresponds to the re?ection part, and a part Where 
the metallic re?ective ?lm 11 is removed becomes the 
transmission part. The proportion of the re?ection part and 
the transmission part can be set arbitrarily through pattern 
mg. 

[0009] Then, as shoWn in FIG. 4C, the patterned light 
shielding ?lm 4 is formed. To obtain the light shielding ?lm 
4, the entire surface of the transparent substrate 1A is applied 
With a liquid photoresist containing black pigments, and 
thereafter the resist is patterned into a desired shape by the 
photolithography method. Typically, this is called a black 
matriX as being formed in a matrix. In these days, to increase 
the re?ection light amount of the color liquid crystal display 
device, the light shielding ?lm 4 is formed into a stripe shape 
(black stripe), or sometimes the light shielding ?lm 4 is 
provided only in a frame part around the color liquid crystal 
display device and not provided in its display area. 
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[0010] Subsequently, as shown in FIG. 4D, the colored 
portions 3R constituting the color ?lters are formed. To 
obtain red color ?lters, the entire surface of the transparent 
substrate 1A is applied With a liquid photoresist containing 
red pigments, and the resist is then patterned into a desired 
shape by the photolithography method. The colored portions 
are usually formed in a stripe shape along the matrix of the 
light shielding ?lm 4. In a similar manner, the colored layers 
3G (green) and 3B (blue) are sequentially formed to obtain 
such a shape as shoWn in FIG. 4E. Here, there is almost no 
difference betWeen the thickness of the respective colored 
layers 3R, 3G, and 3B obtained through the application of 
the liquid color resist on the metallic re?ective ?lm 11 (that 
is, at the re?ection part) and the thickness of the respective 
colored layers 3R, 3G, and 3B on the transparent substrate 
1A Where the metallic re?ective ?lm 11 is removed (that is, 
at the transmission part). This is because the metallic re?ec 
tive ?lm 11 is a thin ?lm having the thickness of approxi 
mately 0.10 pm, and the liquid photoresist is turned into a 
?lm along the surface shape of the substrate 1A. 

[0011] Next, as shoWn in FIG. 4F, the ?attening ?lm 5 
made of a transparent resin is formed on the surfaces of the 
color ?lters 3 in Which those colored portions are formed. In 
general, the ?attening ?lms is formed through application of 
a liquid material by use of a spinner. As shoWn in FIG. 4G, 
the transparent electrode 2A is sequentially formed on the 
surface of the ?attening ?lm 5. The ?attening ?lm 5 has 
adhesiveness With respect to the transparent electrode 2A, 
resistance to patterning, and the like. The transparent elec 
trode 2A is typically formed by a sputtering method so as to 
have desired thickness and resistance value characteristics. 
In general, a conductive material containing an incompletely 
oxidiZed alloy of indium (In) and tin (Sn) is used for forming 
the transparent electrode 2A. 

[0012] In this Way, the substantially planer color ?lter 
substrate 6 shoWn in FIG. 4H is completed. As described 
above, by using the color ?lter substrate 6, the conventional 
semi-transmissive type color liquid crystal display device is 
formed. Hereinafter, brief description Will be made of a 
method of manufacturing a liquid crystal display device. 
Orientation ?lms provided on the surfaces of the color ?lter 
substrate 6 and a counter substrate 8 are commonly formed 
by an offset printing method. The spacers 9 provided 
betWeen the color ?lter substrate 6 and the counter substrate 
8 are uniformly distributed by a dispersion method. The 
sealing members 7 are formed by a screen printing method 
in usual cases. The color ?lter substrate 6 and the counter 
substrate 8 are glued together, and after that the liquid crystal 
10 is ?lled in the space corresponding to the gap betWeen the 
color ?lter substrate 6 and the counter substrate 8. 

[0013] Further, recently, there has come along a technique 
for improving color reproducibility at the time of light 
transmission by increasing the thickness of the color ?lter at 
the transmission part as compared to the thickness of the 
color ?lter at the re?ection part (see JP 2002-303861 A 
(pages 2-4, FIG. 1), for instance). Brief description Will be 
made of the technique by referring to FIGS. 5A to 5G and 
6. First, as shoWn in FIG. 5A, the surface of the transparent 
substrate 1A is applied With a photosensitive transparent 
resin, and resin layers 14 are formed by the photolithography 
method. To obtain the resin layers 14, a considerably com 
plicated method is adopted as folloWs. That is, a positive 
type photoresist having a property of melt ?oW upon post 
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baking is formed in a desired pattern, and then projections 
and depressions are formed on the layer surface by post 
baking. After that, application of the positive type photore 
sist is conducted again to cover the projections and depres 
sions. Thus, the photolithography method is used tWice by 
Way of double photoresist applications (see JP 6-11711 A 
(pages 2 and 3, FIG. 4), for instance) . As in the pattern of 
the metallic re?ective ?lm 11 described in the case of the 
above-mentioned conventional semi-transmissive type color 
liquid crystal display device, the resin layers 14 have a shape 
in Which the re?ection part and the transmission part are 
established in one pixel element. Next, the metallic re?ec 
tive ?lm 11 is formed on the entire surface of the transparent 
substrate 1A by sputtering or the like, and then the ?lm is 
patterned by the photolithography method to have such a 
pattern that the metallic re?ective ?lm 11 overlaps the 
surfaces of the resin layers 14. After that, as shoWn in FIG. 
5C, the light shielding ?lm 4 is formed. To obtain the 
colored portions of the color ?lters, red colored portions 3R 
and 3R2, green colored portions. 3G and 3G2, and blue 
colored portions 3B and 3B2 are formed by employing the 
photolithography method six times With negative type color 
resists for the re?ection part and the transmission part, 
separately (FIGS. 5D to SF). As described above, by using 
the color ?lter substrate 6, another conventional semi 
transmissive transmissive type color liquid crystal display 
device shoWn in FIG. 6 is obtained. 

[0014] As another method of forming a color ?lter, there 
is also disclosed in JP 2002-303861 A (pages 2-4, FIG. 1) 
a method of forming color ?lters at the re?ection part and the 
transmission part at the same time. HoWever, no description 
is given of a speci?c method of doubling the thickness of the 
color ?lter at the transmission part as compared to the 
thickness of the color ?lter at the re?ection part, and it is 
merely described that “application is performed so as to 
have the thickness” in the transmission area tWice as large as 
the thickness in the re?ection area. The inventors of the 
present invention can understand that the thickness at the 
re?ection part and that on the transmission part are changed 
in employing the photolithography method six times as 
described above, but conceive that it is not easy to under 
stand the method of “forming color ?lters at the re?ection 
part and the transmission part at the same time”, Which 
offers no speci?c description. 

[0015] As described above While referring to FIGS. 5A to 
5G and 6, in order to achieve a satisfactory color balance 
upon light re?ection and transmission, the semi-transmissive 
type color liquid crystal display device having the thickness 
at the transmission part larger than the thickness at the 
re?ection part has been devised. HoWever, such a semi 
transmissive type color liquid crystal display device has the 
folloWing problem. That is, since the colored portions of the 
respective colors in the color ?lters are formed by perform 
ing a photolithography step one time each, the color ?lters 
3 having substantially the same thickness are formed in any 
of the display areas. Accordingly, levels of color density and 
brightness achieved by the respective color ?lters are the 
same in the entirety of the display area. In addition, from the 
relationship regarding productivity of the re?ective ?lm 11, 
the thickness thereof is set to about 0.10 pm, and the colored 
portions are formed on the re?ective ?lm 11 through a 
spinner method by using the liquid color resist, so that there 
is almost no difference in ?lm thickness at the re?ection part 
and the transmission part. Therefore, there is also almost no 
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difference in color density and brightness achieved by the 
color ?lters at the entirety of the display area. In other Words, 
if the ?lm thickness of the color ?lter is increased to enhance 
display color density of the semi-transmissive type color 
liquid crystal display device, transmittance of the color ?lter 
is loWered, Which leads to a problem of decrease in bright 
ness at the transmission part and the re?ection part. Con 
versely, if the ?lm thickness of the color ?lter is decreased 
With the emphasis on brightness at the display image, there 
is a problem in that the display color density cannot suf? 
ciently be obtained. Moreover, at the re?ection part, outside 
light is transmitted through the color ?lter layer and there 
after re?ected at the metallic re?ective ?lm, and the re?ected 
light returns While being transmitted through the color ?lter 
layer again. Thus, the incident light amount is drastically 
reduced because of the light transmission through the color 
?lter layer tWice. For this reason, there is a problem in that 
visibility of the color liquid crystal display device deterio 
rates. 

[0016] Further, in addition to this structure, it is conceiv 
able to provide a structure in Which after forming color 
?lters having small thickness, color ?lters are further formed 
only at the transmission part 12. HoWever, in this structure, 
the number of times to perform the photolithography step for 
the color ?lters needs to be doubled, i.e., six times, resulting 
in loWering productivity and increasing industrial and eco 
nomic burdens such as increase in the number of defects. In 
the case of the color ?lters used for the color liquid crystal 
display device having a re?ned color ?lter shape, since 
high-precision alignment by the above-mentioned photoli 
thography method is required, it is necessary to perform an 
extremely troublesome manufacturing step. At the same 
time, productivity severely deteriorates and also yield is 
loWered so that industrial and economic problems are 
unavoidable. 

[0017] Note that, the inventors of the present invention 
point out that the extremely troublesome method of forming 
the resin layers 14 is a prerequisite also for the method of 
setting the thickness of the color ?lter at the transmission 
part larger than that of the color ?lter at the re?ection part 
through the simultaneous formation of the color ?lters, 
Which is disclosed in JP 2002-303861 A(pages 2-4, FIG. 1). 

SUMMARY OF THE INVENTION 

[0018] The present invention has been made With a focus 
on the above-mentioned problems inherent in the semi 
transmissive type color liquid crystal display device 
described above. An object of the present invention is to 
provide a color liquid crystal display device that is capable 
of realiZing high color reproducibility as Well as increase in 
re?ection brightness upon light transmission and upon light 
re?ection. Another object of the present invention is to 
provide a method of manufacturing the color liquid crystal 
display device. In addition, still another object of the present 
invention is to provide a method of manufacturing a color 
?lter substrate. 

[0019] According to the present invention, there is pro 
vided a color liquid crystal display device, in Which, in 
display pixel elements, a thickness of a color ?lter layer 
provided on a re?ection part is small and a thickness of the 
color ?lter layer provided on a transmission part is large, and 
a thickness of a metallic re?ective ?lm formed on the 
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re?ection part is set to 0.2 pm or more. Also, in the color 
liquid crystal display device according to the present inven 
tion, the metallic re?ective ?lm is provided in a part of an 
area of the display pixel element to establish a re?ection part 
and a transmission part in the display pixel element; colored 
layers are integrally provided on the metallic re?ective ?lm 
and at the transmission part Where the metallic re?ective 
?lm is not provided in the display pixel element; and a sum 
of a thickness of the metallic re?ective ?lm and a thickness 
of the colored layer on the metallic re?ective ?lm is larger 
than a thickness of the colored layer at the transmission part. 
Further, the sum of the thickness of the metallic re?ective 
?lm and the thickness of the colored layer on the metallic 
re?ective ?lm is larger than the thickness of the colored 
layer at the transmission part by 0.15 pm to 0.30 pm. 

[0020] Also, a color liquid crystal display device accord 
ing to the present invention, includes: a color ?lter substrate 
having a metallic re?ective ?lm, colored layers, and a 
transparent electrode formed on a transparent substrate; a 
counter substrate having an opposite electrode that is oppo 
site to the transparent electrode and constitutes a display 
pixel element With the transparent electrode; and a liquid 
crystal layer formed betWeen the color ?lter substrate and 
the counter substrate, in Which the metallic re?ective ?lm 
having a thickness of 0.2 pm or more is formed on a part of 
an area of the display pixel element; and the colored layers 
are integrally formed on the metallic re?ective ?lm and at an 
area Where the metallic re?ective ?lm is not formed in the 
display pixel element. 
[0021] Further, a light shielding ?lm is provided betWeen 
the colored layers. The light shielding ?lm is provided on the 
metallic re?ective ?lm or on an area of the transparent 
substrate Where the metallic re?ective ?lm is not formed. 

[0022] Also, a method of manufacturing a color liquid 
crystal display device according to the present invention, 
includes: establishing a re?ection part and a transmission 
part by forming a metallic re?ective ?lm having a thickness 
of 0.2 pm or more on a part of an area of a transparent 
substrate Where the display pixel element is to be consti 
tuted; forming colored layers at the re?ection part and the 
transmission part at the same time; forming a color ?lter 
substrate by repeatedly performing the colored layer forma 
tion for each color; forming the transparent electrode having 
a predetermined pattern on the color ?lter substrate; forming 
the opposite electrode having a predetermined pattern on the 
counter substrate; arranging the color ?lter substrate and the 
counter substrate such that the transparent electrode and the 
opposite electrode are opposed to each other; and forming 
the liquid crystal layer in a space betWeen the transparent 
electrode and the opposite electrode. 

[0023] Further, the method of manufacturing a color liquid 
crystal display device further includes: forming a light 
shielding ?lm on a part of the metallic re?ective ?lm before 
the colored layer formation. Alternatively the method further 
includes: forming a light shielding ?lm on a part of an area 
of the transparent substrate Where the metallic re?ective ?lm 
is not formed before the colored layer formation. Also, 
during the colored layer formation, each of the colored 
layers is formed by supplying a liquid color resist in a 
predetermined area surrounded by the light shielding ?lm. 
Further, after the supply of the liquid color resist, the resist 
is left to stand in a liquid state for 1 minute or longer before 
being dried. 



US 2006/0028599 A1 

[0024] Further, a thickness of the metallic re?ective ?lm is 
in a range from 0.4 pm to 0.6 pm. Also, a thickness of 
colored layers at the re?ection part is in a range from 0.4 pm 
to 0.8 pm. 

[0025] A method of manufacturing a color ?lter substrate 
according to the present invention, includes: establishing a 
re?ection part and a transmission part by forming a metallic 
re?ective ?lm having a thickness of 0.2 pm or more on a part 
of a transparent substrate; forming colored layers at the 
re?ection part and the transmission part at the same time; 
and forming a color ?lter by repeatedly performing-the 
colored layer formation for each color. Further, during the 
colored layer formation, the colored layer on the metallic 
re?ective ?lm is formed to have a thickness in a range from 
0.4 pm to 0.9 pm, and at the same time the colored layer at 
the transmission part is formed to have a thickness in a range 
from 0.55 pm to 1.0 pm. 

[0026] As described above, by setting the thickness of the 
color ?lter at the re?ection part different from that of the 
color ?lter at the transmission part, Without any additional 
manufacturing step, it is possible to realiZe the color repro 
ducibility upon light transmission at a competitive level With 
the color reproducibility upon light re?ection as Well as the 
increase in brightness upon light re?ection. In addition, no 
manufacturing step is neWly added, Whereby industrial and 
economic losses such as yield deterioration are suppressed, 
and the method of manufacturing the high-quality and 
high-productivity but inexpensive semi-transmissive type 
color liquid crystal display device can be realiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 
[0028] FIG. 1 is a sectional vieW schematically shoWing 
a structure of a conventional transmission type color liquid 
crystal display device; 
[0029] FIG. 2 is a sectional vieW of a conventional 
re?ection type color liquid crystal display device; 

[0030] FIG. 3 is a sectional vieW of a conventional 
semi-transmissive type color liquid crystal display device; 

[0031] FIGS. 4A to 4H shoW a method of manufacturing 
a conventional semi-transmissive type color liquid crystal 
display device; 
[0032] FIGS. 5A to 5G shoW a method of manufacturing 
another conventional semi-transmissive type color liquid 
crystal display device; 
[0033] FIG. 6 is a sectional vieW of another conventional 
semi-transmissive type color liquid crystal display device; 

[0034] FIG. 7 is an enlarged vieW of a part of a semi 
transmissive type color liquid crystal display device accord 
ing to an embodiment of the present invention; 

In the accompanying draWings: 

[0035] FIG. 8 is an enlarged vieW of a part of a semi 
transmissive type color ?lter substrate of the present inven 
tion; 
[0036] FIG. 9 is a sectional vieW of the semi-transmissive 
type color liquid crystal display device according to the 
embodiment of the present invention; and 

[0037] FIGS. 10A to 10F shoW a method of manufactur 
ing a semi-transmissive type color liquid crystal display 
device according to an embodiment of the present invention. 

Feb. 9, 2006 

DETAITLED DESCRIPTION OF THE 
PREFERRFD EMBODIMENTS 

Embodiment 

[0038] Hereinafter, description Will be made of a semi 
transmissive type color liquid crystal display device accord 
ing to an embodiment of the present invention With refer 
ence to the draWings. FIG. 7 is an enlarged plan vieW 
shoWing a part of a piXel of a semi-transmissive type color 
liquid crystal display element. The ?gure shoWs that one 
piXel is composed of three piXel elements respectively 
having colored portions (R, G, and B) that constitute color 
?lters. In addition, a light shielding ?lm 4 is provided 
betWeen each of the piXel elements. FIG. 8 schematically 
shoWs a cross sectional structure of a color ?lter substrate 
corresponding to a cross section taken along a line A-A in 
FIG. 7, that is, a cross section of the piXel element having 
red colored portions. As shoWn in the draWing, a metallic 
re?ective ?lm 11 and red colored layers 3R are provided on 
the surface of a transparent substrate 1A. In the piXel 
element, one colored layer 3R exists at a part as being 
provided on the metallic re?ective ?lm (re?ection part) 
While the other colored layer 3R is present at another part as 
being provided on the transparent substrate Without involv 
ing the metallic re?ective ?lm (transmission part). More 
speci?cally, a portion Where an opening is provided in the 
metallic re?ective ?lm corresponds to the transmission part. 
In this embodiment, the colored layer at the transmission 
part and the colored layer at the re?ection part are formed of 
a continuous layer. In addition, the light shielding ?lm 4 is 
provided on a part on the metallic re?ective ?lm 11. The 
light shielding ?lm 4 is formed in a matriX so as to surround 
display piXel elements. In order to improve the appearance 
of the display screen, the light shielding ?lm 4 is formed also 
in an outer periphery of the entire display screen area, Which 
is so-called a frame. On the surfaces of those ?lms, a 
transparent resin layer is formed for ?attening (hereinafter, 
referred to as transparent ?attening ?lm). Furthermore, a 
transparent conductive ?lm 2A formed in a desired pattern 
by a photolithography method is provided on this transpar 
ent ?attening ?lm 5. 

[0039] In usual cases, the thickness of the metallic re?ec 
tive ?lm 11 provided With openings in some areas so as to 
have a transmitting function is set to about 0.12 pm to 0.15 
pm. This also corresponds to the thickness necessary for 
completely blocking light While eliminating a cause such as 
a pinhole that alloWs light to transmit in the metallic 
re?ective ?lm formed by a vacuum ?lm formation method 
such as sputtering.. In the present invention, the thickness of 
the metallic re?ective ?lm 11 is set to 0.2 pm or more and 
1.0 pm or less. The larger the thickness of the metallic 
re?ective ?lm 11, the larger the ?lm thickness of the colored 
layer at the transmission part. That is, the difference in ?lm 
thickness of the colored layers at the transmission part and 
the re?ection part can be increased. It is conceivable that this 
is because When a liquid color resist is applied for forming 
the colored layer, an effect for ?attening surface projections 
and depressions is developed oWing to the liquid state, in 
Which the liquid color resist ?oWs into opening areas (trans 
mission parts) provided in the metallic re?ective ?lm. HoW 
ever, the completely ?at state of the colored layers at the 
re?ection part and the transmission part may not be achieved 
in some cases. The thickness at the transmission part (the 
thickness of the colored layer) is smaller than the thickness 
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at the re?ection part (the total thickness of the metallic 
re?ective ?lm and the colored layer) . At this time, it is 
desirable to set appropriately the total thickness of the 
metallic re?ective ?lm and the colored layer such that this 
thickness difference falls in a range from approximately 0.15 
pm to 0.30 pm. The larger the thickness at the re?ection part 
(the total thickness of the metallic re?ective ?lm and the 
colored layer), the larger the thickness at the transmission 
part (the thickness of the colored layer). HoWever, the 
increase in thickness at the transmission part is not as much 
as the increase in thickness at the re?ection part. Conse 
quently, the larger the thickness at the re?ection part, the 
larger the level difference betWeen the re?ection part and the 
transmission part. The thickness at the re?ection part is the 
total thickness of the metallic re?ective ?lm and the colored 
layer so that the total thickness can be adjusted by appro 
priately selecting the thickness of the metallic re?ective ?lm 
and the thickness of the colored layer individually. 

[0040] Further, When the thickness of the metallic re?ec 
tive ?lm is larger, peeling or the like tends to occur due to 
increase in its internal stress, and therefore there is a 
possibility of loWering reliability. Thus, the thickness of the 
metallic re?ective ?lm is preferably 0.6 pm or less. On the 
other hand, to obtain optimal color density and brightness at 
the transmission part and the re?ection part, a certain level 
of ?lm thickness difference of colored layers is required, so 
that the metallic re?ective ?lm needs to have thickness to 
some extent as Well. In vieW of the above, the thickness of 
the metallic re?ective ?lm is preferably in a range from 0.4 
pm to 0.6 pm. 

[0041] In addition, the ?lm thickness of the colored layer 
provided on the metallic re?ective ?lm needs to be 0.4 pm 
or more to secure chromaticity and reproducibility at the 
time of re?ection observation. On the other hand, in order 
that the thickness of the colored layer at the transmission 
part be set to 1.0 pm or less to secure brightness at the time 
of observation, after giving consideration to the above 
mentioned level difference, it is preferred to set the total 
thickness to be in a range from 0.8 pm to 1.3 pm. Accord 
ingly, the thickness of the colored layer at the re?ection part 
(the colored layer on the metallic re?ective ?lm) is prefer 
ably in a range from 0.4 pm to 0.9 pm. 

[0042] For example, in the case Where the metallic re?ec 
tive ?lm had the thickness of 0.4 pm, and the thickness of the 
colored layer at the re?ection part Was in a range from 0.4 
pm to 0.8 pm, that is, the total thickness at the re?ection part 
Was in a range from 0.8 pm to 1.2 pm, the thickness at the 
transmission part Was in a range from 0.55 pm to 0.90 pm. 
MeanWhile, in the case Where the metallic re?ective ?lm had 
the thickness of 0.4 pm, and the thickness of the colored 
layer at the re?ection part Was 0.4 pm, that is, the total 
thickness at.the re?ection part Was 0.8 pm, the thickness at 
the transmission part Was in a range from 0.55 pm to 0.65 
pm. 

[0043] Factors that enhance the above-mentioned ?atten 
ing function of the liquid color resist include: the viscosity 
of a color resist; the retention time of the color resist in a 
liquid state from the application thereof on the transparent 
substrate 1A until being dried; the boiling point of an organic 
solvent used for the color. resist; and the like. Although the 
viscosity of a commonly used color resist is in a range 
approximately from 5 cp to 15 cp, a resist With a loW 
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viscosity is preferably used in vieW of enhancing the ?at 
tening function. An organic solvent generally used for a 
color resist is a mixed solvent containing propylene glycol 
monomethyl ether acetate (PGMEA) as its main ingredient 
and having the boiling point of about 140° C. The higher the 
boiling point, the more the ?attening function enhances. In 
addition, the longer the time from the color resist application 
until pre-baking is performed, that is, a period of time for 
leaving the color resist to stand in a liquid state after the 
application, the more likely the color resist is to be ?attened, 
Which is preferable. The optimal time period may be varied 
depending on the viscosity of the color resist and the boiling 
point of the organic solvent used for the color resist, but the 
retention time of 1 minute or longer is necessary to ?atten 
the color resist. There is hoWever no point in leaving the 
color resist to stand until the organic solvent evaporates, so 
that the retention time is preferably from about 3 minutes to 
10 minutes. Those factors respectively have correlations as 
Well as restrictions, and thus considerations should be given 
in terms of quality and economical ef?ciency such as uni 
formity in ?lm thickness of the color ?lters, Workability, and 
productivity. 
[0044] The present invention Will be described further in 
detail by Way of the folloWing examples. 

EXAMPLE 1 

[0045] FIG. 9 shoWs a schematic sectional vieW of a 
semi-transmissive type color liquid crystal display device of 
this example. The metallic re?ective ?lm 11, Which is 
provided With openings (transmission parts) in some parts, 
has the thickness of 0.5 pm, and is made of an aluminum 
alloy, is provided on the surface of the transparent substrate 
1A. On the surfaces of the metallic re?ective ?lm 11 and its 
openings, the colored layers 3R, 3G, and 3B of the primary 
colors of red, green, and blue are formed. In this example, 
the ?lm thickness of the colored layer at the re?ection part 
is 0.6 pm and the ?lm thickness of the colored layer at the 
transmission part is 0.9 pm. Therefore, the total thickness at 
the re?ection part is 1.1 pm, Which is the total thickness of 
the 0.5 pm-thick metallic re?ective ?lm 11 and the 0.6 
pm-thick colored layer. On the other hand, the total thick 
ness at the transmission part simply equals to the ?lm 
thickness of the colored layer, Which is 0.9 pm. Accordingly, 
the level difference betWeen the re?ection part and the 
transmission part is 0.2 pm. The level difference is formed 
in the same manner in all the colored layers 3R, 3G, and 3B. 
In a periphery of the display pixel elements of the colored 
layers 3R, 3G, and 3B, the light shielding ?lm 4 having the 
thickness of 0.6 pm is formed in a matrix on the surface of 
metallic re?ective ?lm 11. On the surfaces of the colored 
layers 3R, 3G, and 3B and the light shielding ?lm 4, the 
transparent ?attening ?lm 5 With the thickness of 2.5 pm is 
provided. With the transparent ?attening ?lm 5, the level 
difference of 0.2 pm regarding the color layers betWeen the 
re?ection part and the transmission part is eliminated. Thus, 
the ?at surface (surface irregularity: 10.03 pm or beloW) is 
obtained. The patterned transparent electrode 2A is provided 
on the surface of the transparent ?attening ?lm 5. In this 
Way, the color ?lter substrate 6 is formed. 

[0046] On the other hand, the counter substrate 8 provided 
With transparent electrodes 2B is so arranged as to oppose 
the color ?lter substrate 6. The sealing members 7 and the 
spacers 9 are provided betWeen the color ?lter substrate 6 
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and the counter substrate 8, thus controlling the thickness of 
the liquid crystal layer. Although not shoWn in the drawing, 
orientation ?lms are provided to the inner side surfaces of 
the color ?lter substrate 6 and the counter substrate 8. On the 
outer side surfaces of the color ?lter substrate 6 and the 
counter substrate 8, de?ection plates 12 and 13 are provided, 
respectively. The de?ection plate 12 is combined With a 
quarter-Wave plate, and the de?ection plate 13 is combined 
With a quarter-Wave plate and a light diffusion ?lm. 

[0047] With regard to the thus structured semi-transmis 
sive type color liquid crystal display device and the con 
ventional semi-transmissive type color liquid crystal display 
device, Table 1 shoWs data comparison about color repro 
ducibility and re?ection brightness. For the conventional 
semi-transmissive type color liquid crystal display device, 
tWo display devices Were prepared in Which the metallic 
re?ective ?lm 11 had the thickness of 0.1 pm, and the ?lm 
thickness of the color ?lters at both the re?ection part and 
the transmission part Was 0.6 pm (Conventional Example 1) 
and 0.9 pm (Conventional Example 2), respectively. That is 
to say, such display devices Were used that the re?ection part 
and the transmission part had the same color ?lter thickness, 
and the surface of the color ?lter substrate Was ?at. In 
addition, the conventional display devices had the same 
structure as that of Example 1 except for the metallic 
re?ective ?lm 11 and the color ?lter thickness. The color 
resists for red, green, and blue to be used Were identical, 
Which shoWed 30% color density NTSC ratio When having 
the thickness of 0.9 pm. Evaluation Was performed by using 
the same backlight light source upon transmission and the 
same White color light source upon re?ection, With a spec 
trophotometer (Minolta CS-1000) for measurement. 

[0048] [Table 1] Comparison in color reproducibility and 
re?ection brightness betWeen semi-transmissive color liquid 
crystal display device of the present invention and conven 
tional semi-transmissive color liquid crystal display device 
(1) 

Conventional Conventional 
Example 1 Example 1 Example 2 

CF Transmission 30% 20% 30% 
substrate NTSC ratio 

Re?ection 40% 45% 56% 
NTSC ratio 
Re?ection 40% 40% 28% 
brightness 

Display Transmission 25% 16% 25% 
device NTSC ratio 

Re?ection 24% 26% 42% 
NTSC ratio 
Re?ection 25% 25% 17% 
brightness 

[0049] As shoWn in Table 1, in Example 1, the color 
reproducibility at the time of transmission in the display 
device Was 25% in NTSC ratio, Which Was as high as 
Conventional Example 2, and also the color reproducibility 
at the time of re?ection Was 24% in NTSC ratio and the 
re?ection brightness Was 25%, Which Were as high as 
Conventional Example 1. That is, the color reproducibility at 
the time of transmission and the color reproducibility at the 
time of re?ection Were high and Well balanced, and the 
re?ection brightness Was high as Well. 

Feb. 9, 2006 

[0050] NoW, description Will be made of a method of 
manufacturing a semi-transmissive type color liquid crystal 
device according to an embodiment of the present invention 
With reference to FIGS. 10A to 10F. FIG. 10A shoWs a state 
in Which the metallic re?ective ?lm 11 made of an aluminum 
alloy is formed on the surface of the transparent substrate 1A 
by sputtering. The ?lm thickness can be adjusted based on 
time duration for forming the ?lm. In an inline type sput 
tering device of recent years, plural aluminum alloy material 
targets can be loaded. Therefore, even When the metallic 
re?ection ?lm used in the present invention has the thickness 
of about 0.5 pm, Which is larger than the 0.1 pm-thick 
metallic re?ection ?lm used in the conventional semi 
transmissive type color liquid crystal device, no large dif 
ference occurs in time period for forming the ?lm. Thus, the 
reproducibility hardly changes. 
[0051] Subsequently, the aluminum alloy re?ective ?lm 
11 is partially removed in the display pixel element by a 
photolithography method and etching as shoWn in FIG. 8 to 
obtain such a structure as shoWn in Fig. 10B. The proportion 
and shape of removing the metallic re?ective ?lm 11 can be 
set arbitrarily. When the removing area is large, the area of 
the transmission part is increased, resulting in high display 
brightness upon transmission. In contrast, When the area to 
be removed is small, high display brightness upon re?ection 
can be obtained. A metal used for the re?ective ?lm 11 may 
be aluminum alone having high re?ectance, but in general, 
an aluminum alloy composed of about 5% of neodymium 
and about 95% of aluminum is used. The neodymium is 
mixed for enhancing chemical resistance Without decreasing 
the re?ectance. Each of the mix rates is represented in 
atomic concentration. 

[0052] FolloWing this, as shoWn in FIG. 10C, the light 
shielding ?lm 4 Was formed in a desired pattern on the 
surface of the metallic re?ective ?lm 11. The light shielding 
?lm 4 is prepared by dispersing and mixing ?ne carbon 
particles or titanium black in a transparent photosensitive 
resin, With the ?lm thickness of 0.6 pm. After application of 
the transparent photosensitive resin by a spinner, patterning 
Was performed by the photolithography method to form the 
light shielding ?lm 4. Since the light shielding ?lm 4 is 
provided on the 0.5 pm-thick metallic re?ective ?lm 11 that 
alloWs no light to transmit therethrough, even When the light 
shielding ?lm 4 is as thin as 0.6 pm, there arises no problem 
regarding the light blocking property at all. Alternatively, 
after removing the metallic re?ective ?lm 11 under the light 
shielding ?lm 4, a light shielding ?lm having the ?lm 
thickness of 1A pm may be provided on the substrate. 

[0053] As shoWn in FIG. 10D, the red colored layers 3R 
are then formed on the pixel element. For the formation, a 
liquid red color resist adjusted to have the viscosity of 8 cp 
and composed of an organic solvent containing PGMEA as 
its main ingredient and having the boiling point of about 
140° C., Was applied by the spinner such that its ?lm 
thickness on the metallic re?ective ?lm 11 became 0.6 pm. 
In order to suf?ciently effect the ?attening function of the 
liquid color resist, elapse of 5 minutes is Waited before 
performing provisional drying, and then patterning Was 
conducted by the photolithography method. At this time, the 
?lm thickness of the red colored layers 3R in the transmis 
sion part Was 0.9 pm. In a similar manner, each of a liquid 
green color resist and a liquid blue color resist adjusted to 
have the viscosity of 8 cp and composed of an organic 
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solvent containing PGMEA as its main ingredient Was 
applied by the spinner such that its ?lm thickness of the 
colored layer at the re?ection part (on the metallic re?ective 
?lm 11) became 0.6 pm. In this Way, the colored layers 3G 
and 3B shoWn in FIG. 10E Were formed, and the ?lm 
thickness at the transmission part of the respective colors 
Was 0.9 pm. 

[0054] After that, the transparent ?attening ?lm 5 made of 
a thermosetting polymer resin is applied by the spinner to 
have the thickness of 2.5 pm, before being thermally set at 
230° C. for 1 hour. On the surface of the transparent 
?attening ?lm 5, the transparent conductive ?lm Was formed 
by sputtering to then form a transparent electrode 2A in a 
desired pattern by the photolithography method and the 
etching method. As a result, the color ?lter substrate shoWn 
in FIG. 10F is obtained. By combining the thus manufac 
tured color ?lter substrate 6 and the counter substrate 8 With 
each other, the semi-transmissive type color liquid crystal 
display device of the present invention shoWn in FIG. 9 Was 
obtained. 

[0055] Here, the case Where the transmission part Was 
formed at the center of the display pixel element is described 
as an example. HoWever, the re?ection part (metallic re?ec 
tive ?lm) may be formed at the center of the display pixel 
element. In such a case, the light shielding ?lm is provided 
in a part Where the re?ective ?lm is not formed on the 
transparent surface (that is, the transmission part). More 
over, the number of the transmission part in one pixel 
element is not necessarily limited to one, and plural trans 
mission parts each having a small area may be provided in 
one pixel element. In the case Where the re?ective ?lm is 
provided, in FIGS. 7 to 9, the light shielding ?lm is provided 
so as to surround one pixel element, but the light shielding 
?lm may not be provided in a part of the surrounding area. 
In FIG. 8, the light shielding ?lm in a lateral direction is not 
provided but only the light shielding ?lm in a vertical 
direction may be provided to form a stripe shaped color 
?lter. 

EXAMPLE 2 

[0056] Next, Example 2 is described While referring to 
FIGS. 9 and 10A to 10F, similarly to Example 1. The 
fundamental structure is the same as that of Example 1, so 
that the manufacturing method is mainly described and the 
above-mentioned description Will be omitted. 

[0057] In Example 2, a silver alloy material Was used for 
the metallic re?ective ?lm 11. The material is an alloy 
containing silver as its main ingredient and composed of 
about 3% of neodymium, about 1% of copper, and about 
96% of silver. The neodymium and the copper are mixed for 
enhancing chemical resistance Without decreasing the 
re?ectance of silver. Each of the mixing ratios is represented 
in atomic concentration. As in Example 1, the silver alloy is 
formed into a ?lm having the thickness of 0.4 pm by using 
the inline type sputtering device. After that, the metallic 
re?ective ?lm 11 is formed in a desired pattern by the 
photolithography method and the etching method (FIG. 
10B). Then, the 0.5 pm-thick light shielding ?lm 4 Was 
formed in a desired pattern on the surface of the metallic 
re?ective ?lm 11 (FIG. 10C). 

[0058] A color resist for each of red, green, and blue 
adjusted to have the viscosity of 10 cp and composed of an 
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organic solvent, Which shoWed 40% color density NTSC 
ratio When having the thickness of 0.8 pm, containing liquid 
carbitol acetate as its main ingredient and having the boiling 
point of about 180° C., Was applied by the spinner such that 
its ?lm thickness at the re?ection part became 0.5 pm. Then, 
a time period before the color resist is dried Was set to 7 
minutes, and the colored layers 3R, 3G, and 3B Were formed 
in succession (FIG. 10E). At this time, the ?lm thickness of 
each of the colored layers at the transmission part Was 0.8 
pm. In a similar manner as in Example 1, by using the thus 
manufactured color ?lter substrate, the semi-transmissive 
type color liquid crystal display device Was manufactured. 

[0059] The thus structured semi-transmissive type color 
liquid crystal display device and the conventional semi 
transmissive type color liquid crystal display device Were 
compared for evaluation, and the results are shoWn in Table 
2. For the conventional semi-transmissive type color liquid 
crystal display device, tWo display devices Were prepared in 
Which the metallic re?ective ?lm 11 each had the thickness 
of 0.1 pm, and the ?lm thickness of the color ?lters at both 
the re?ection part and the transmission part Was 0.5 pm 
(Conventional Example 3) or 0.8 pm (Conventional 
Example 4), respectively. 
[0060] [Table 2] Comparison in color reproducibility and 
re?ection brightness betWeen semi-transmissive color liquid 
crystal display device of the present invention and conven 
tional semi.-transmissive color liquid crystal display device 
(2) 

Conventional Conventional 
Example 2 Example 3 Example 4 

CF Transmission 40% 25% 40% 
substrate NTSC ratio 

Re?ection 52% 52% 63% 
NTSC ratio 
Re?ection 36% 36% 27% 
brightness 

Display Transmission 34% 20% 34% 
device NTSC ratio 

Re?ection 32% 32% 38% 
NTSC ratio 
Re?ection 23% 23% 16% 
brightness 

[0061] As is apparent from Table 2, the results shoW that 
the color reproducibility and the re?ection brightness at the 
time of both transmission and re?ection Were extremely Well 
balanced as compared to Conventional Examples 3 and 4. 

[0062] It should be noted here that the passive matrix 
semi-trasnmissive type color liquid crystal display device 
has been described in the above-mentioned example, but the 
case may also be applicable Where an active element such as 
a TFT is provided to the counter substrate 8 or the color ?lter 
substrate 6. Another metal or its alloy other than the alumi 
num alloy and the silver alloy may also be applicable. 

1.-18. (canceled) 
19. A color liquid crystal display device, comprising: 

a color ?lter substrate having a metallic re?ective ?lm, 
colored layers, and a transparent electrode formed on a 
transparent substrate; 
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a counter substrate having an opposite electrode that is 
opposite to the transparent electrode and constitutes a 
display pixel element With the transparent electrode; 
and 

a liquid crystal layer disposed betWeen the color ?lter 
substrate and the counter substrate; Wherein 

the metallic re?ective ?lm is formed on a part of an area 
of the display piXel element; and 

the colored layers are integrally formed on the metallic 
re?ective ?lm and an area Where the metallic re?ective 
?lm is not provided in the display piXel element. 

20. A color liquid crystal display device according to 
claim 19; Wherein a light shielding ?lm is formed betWeen 
the colored layers. 

21. A color liquid crystal display device according to 
claim 20; Wherein the light shielding ?lm is provided on the 
metallic re?ective ?lm. 

22. A color liquid crystal display device according to 
claim 20; Wherein the light shielding ?lm is formed on an 
area of the transparent substrate Where the metallic re?ective 
?lm is not formed. 

23. A color liquid crystal display device according to 
claim 19; Wherein the metallic re?ective ?lm has a thickness 
of 0.2 pm or more. 

24. A method of manufacturing a color liquid crystal 
display device in Which a transparent electrode and an 
opposite electrode sandWich therebetWeen a liquid crystal 
layer to constitute a display pixel element, comprising the 
steps of: 

establishing a re?ection part and a transmission part by 
forming a metallic re?ective ?lm on a part of an area of 
a transparent substrate Where the display piXel element 
is to be constituted; 

forming colored layers at the re?ection part and the 
transmission part at the same time; 

forming a color ?lter substrate by repeatedly performing 
the colored layer formation for each color; 

forming the transparent electrode having a desired pattern 
on the color ?lter substrate; 

forming the opposite electrode having a desired pattern on 
a counter substrate; 

arranging the color ?lter substrate and the counter sub 
strate such that the transparent electrode and the oppo 
site electrode are opposed to each other; and 

forming the liquid crystal layer in a space betWeen the 
transparent electrode and the opposite electrode. 
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25. A method of manufacturing a color liquid crystal 
display device according to claim 24; further comprising the 
step of forming a light shielding ?lm on a part of the metallic 
re?ective ?lm before formation of the colored layers. 

26. A method of manufacturing a color liquid crystal 
display device according to claim 24; further comprising the 
step of forming a light shielding ?lm on a part of an area of 
the transparent substrate Where the metallic re?ective ?lm is 
not formed before the colored layer formation. 

27. A method of manufacturing a color liquid crystal 
display device according to claim 25; Wherein each of the 
colored layers is formed by supplying a liquid color resist in 
a predetermiend area surrounded by the light shielding ?lm. 

28. A method of manufacturing a color liquid crystal 
display device according to claim 27; Wherein after the 
supply of the liquid color resist, the resist is left to stand in 
a liquid state for 1 minute or longer before being dried. 

29. A method of manufacturing a color liquid crystal 
display device according to claim 24; Wherein the metallic 
re?ective ?lm has a thickness of 0.2 pm or more. 

30. a method of manufacturing a color liquid crystal 
display device according to claim 29; Wherein the thickness 
of the metallic re?ective ?lm is in a range from 0.4 pm to 0.6 
pm. 

31. A method of manufacturing a color liquid crystal 
display device according to claim 29; Wherein a thickness of 
the colored layers at the re?ection part is in a range from 0.4 
pm to 0.8 pm. 

32. A method of manufacturing a color ?lter substrate, 
comprising the steps of: 

establishing a re?ection part and a transmission part by 
forming a metallic re?ective ?lm on a part of a trans 

parent substrate; 

forming colored layers at the re?ection part and the 
transmission part at the same time; and 

forming a color ?lter by repeatedly performing the col 
ored layer formation for each color. 

33. A method of manufacturing a color ?lter substrate 
according to claim 32; Wherein a thickness of the colored 
layers at the re?ection part is 0.2 pm or more. 

34. A method of manufacturing a color ?lter substrate 
according to claim 33; Wherein during the colored layer 
formation, the colored layer on the metallic re?ective ?lm is 
formed to have a thickness in a range from 0.4 pm to 0.9 pm, 
and at the same time the colored layer at the transmission 
part is formed to have a thickness in a range from 0.55 pm 
to 1.0 pm. 


