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A re?ective liquid crystal display device of the present 
corresiiondence Address? invention has the following construction. A transparent 
Attelltlon of Douglas P- Mueller electrode is provided via color ?lter layer on a transparent 
MERCHANT & GOULD P-C- substrate positioned at the upper side of the device. A 

BOX 2903 metallic re?ective electrode is provided on a substrate 
Mlnneapolls, MN 55402-0903 (Us) positioned at the loWer side of the device. An alignment 

layer is provided on the transparent electrode and on the 
metallic re?ective electrode respectively. The transparent 
substrate positioned at the upper side and the substrate 
positioned at the loWer side are arranged parallel to each 
other With alignment ?lms provided on the transparent 

(73) Assignee: Matsushita Electric Industrial Co., 
Ltd., 1006-banchi, Oasa-Kadoma, 
Kadoma-shi, Osaka (JP) 

(21) Appl' NO‘: 09/907’197 electrode and on the metallic re?ective electrode facing each 
22 Fl (12 l- 17 2001 other. A liquid crystal layer is provided betWeen the align 

( ) 1 6 Ju ’ ment ?lms. A scattering ?lm is provided on a surface of the 

Related US Application Data transparent substrate positioned at the upper side opposite to 
the surface Where the transparent electrode is provided. A 

(62) Division of application No. 08/984,260, ?led on Dec. Polymer ?lm and a Polarization ?lm are Provided in that 
3, 1997, HOW pat NO_ 6,300,990 sequential order on the scattering ?lm. The present re?ective 

liquid crystal display device can express a black and White 
(30) Foreign Application Priority Data display in achromatic color having bright White display and 

With high contrast, and has loW visual angle dependency and 
Dec. 5, 1996 (JP) ........................................... .. 8-324944 excellent optical characteristics. 
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REFLECTIVE LIQUID CRYSTAL DISPLAY 
DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a re?ective liquid 
crystal display device having brightness and high contrast. 

BACKGROUND OF THE INVENTION 

[0002] A liquid crystal display device is thin and light, 
therefore, has been Widely used as a display for a personal 
digital assistant. The liquid crystal device does not emit light 
itself and is a device to express the display by changing the 
transmissivity and can be driven With several volts of 
effective voltage. Accordingly, When the liquid crystal dis 
play device is used as a re?ective one Which comprises a 
re?ector provided at the back side of the liquid crystal cell 
and expresses the display by re?ecting the outside light, a 
display device With an extremely loW consumption of elec 
tricity can be provided. 

[0003] A conventional re?ective color liquid crystal dis 
play device comprises a liquid crystal cell having a color 
?lter and a pair of polariZation ?lms by Which the liquid 
crystal cell is sandWiched. In this case, the color ?lter is 
provided on one of the substrates of the liquid crystal cell, 
and a transparent electrode is formed on the color ?lter 
provided on the substrate. Avoltage is applied to the liquid 
crystal cell to change the alignment of liquid crystal mol 
ecule. Accordingly, the transmissivity of each color ?lter is 
changed so as to express a color display. 

[0004] The transmissivity of one polariZation ?lm is 45% 
at most, as a Whole. In this case, the transmissivity of the 
polariZation component parallel to the adsorption axis of the 
polariZation ?lm is about 0% and the transmissivity of the 
polariZation component perpendicular to the adsorption axis 
of the polariZation ?lm is about 90%. Accordingly, in a 
re?ective liquid crystal display device comprising tWo polar 
iZation ?lms, When the outside light is incident and re?ected 
by a re?ector and goes outside, the light passes through the 
polariZation ?lm four times. As a result, When the transmis 
sivity of the polariZation component perpendicular to the 
adsorption axis of the polariZation ?lm is 50% and the light 
is not adsorbed by the color ?lter, the re?ectance of the 
outside light is obtained by the folloWing formula. 

[0005] Accordingly, When the color ?lter of the conven 
tional re?ective color liquid crystal display device is 
removed and used as a black and White panel in the same 
Way, the re?ectance reaches 33% at most. 

[0006] In order to brighten the light display, several re?ec 
tive liquid crystal display devices comprising one polariZa 
tion ?lm provided on the upper side of a liquid crystal cell 
that is sandWiched by the polariZation ?lm and the re?ector 
have already been proposed. (refer to Japanese Laid-Open 
Patent Publication No. 7-146469 and No. 7-84252). In these 
proposed re?ective liquid crystal display devices, the light 
passes through the polariZation ?lm only tWice. When the 
light is not adsorbed by the color ?lter, the re?ectance of the 
outside light is obtained by the folloWing formula. 

[0007] Therefore, these proposed re?ective liquid crystal 
display devices can be expected to increase the re?ectance 
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by at most about 23.5% in comparison With that of the liquid 
crystal display device comprising tWo polariZation ?lms. 

[0008] A re?ective color liquid crystal display device in 
Which color display is expressed by using the birefringence 
of a tWist orientation nematic liquid crystal and polariZation 
?lm, Without using a color ?lter, has been disclosed in 
Japanese Laid-Open Patent Publication No. 6-308481. A 
color liquid crystal display device in Which birefringence of 
liquid crystal and phase difference ?lm is used has been 
disclosed in Japanese Laid-Open Patent Publication No. 
6-175125 and No. 6-301006. 

[0009] In the re?ective liquid crystal display device Which 
expresses color display With color ?lter and comprises one 
polariZation ?lm to increase the re?ectance and to obtain the 
brightness, hoWever, it is dif?cult to express a black and 
White display in achromatic color, especially it is dif?cult to 
express a black display in achromatic color With loW re?ec 
tance. Further, in this re?ective liquid crystal display device, 
the dependency of the re?ectance and brightness on the 
incident direction of the outside light and the observer’s 
vieWing direction, that is, the visual angle dependency of the 
optical characteristics, is high. When the visual angle depen 
dency of the re?ective liquid crystal display device com 
prising one polariZation ?lm is high, the visual angle is 
narroW and the folloWing problem also occurs. That is, When 
black brightness is changed greatly With respect to the 
change of incident direction of the outside light, the optical 
characteristic of the re?ective liquid crystal display device is 
deteriorated greatly since it is more dif?cult for the re?ective 
liquid crystal display device to control the incident direction 
of the outside light in comparison With the transmissive 
liquid crystal display device. 

[0010] In the re?ective color liquid crystal display in 
Which a color display is expressed by using birefringence of 
a tWist alignment nematic liquid crystal and polariZation 
?lm, Without using a color ?lter or the color liquid crystal 
display in Which birefringence of liquid crystal and phase 
difference ?lm is used, since the color ?lter is not present, 
the ef?cient re?ectance to obtain the practical brightness can 
be ensured even if tWo polariZation ?lms are used. HoWever, 
in the above-mentioned color liquid crystal display devices, 
since the color display is expressed by using birefringence, 
it is difficult to express multi-grade and multi-color display 
such as 16 grade 4096 color display Further, the range of 
color purity and color reproduction is also narroW. 

[0011] In the re?ective liquid crystal display device With 
black and White mode comprising tWo polariZation ?lms, a 
White display With high re?ectance can’t be obtained and the 
display becomes dark. 

SUMMARY OF THE INVENTION 

[0012] In order to solve the above-mentioned problems in 
the prior art, it is an object of the present invention to 
provide a re?ective liquid crystal display device having loW 
visual angle dependency and preferable optical characteris 
tics, and that can express a black and White display in 
achromatic color having bright White and a high contrast 
display. 

[0013] To accomplish the above-mentioned object, a 
re?ective liquid crystal display device according to a ?rst 
embodiment of the present invention comprises a polariZa 
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tion ?lm, at least one scattering ?lm, a transparent substrate, 
a transparent electrode, an alignment layer, a liquid crystal 
layer, an alignment layer, a metallic re?ective electrode and 
a substrate, Which are arranged in that order. According to 
the ?rst embodiment of the re?ective liquid crystal display 
device, since the scattering ?lm is provided, the collective 
ef?ciency of the outside light can be increased to obtain the 
bright display and in addition, the visual angle dependency 
can be reduced. Further, since the scattering ?lm is provided 
close to the liquid crystal cell an image blur caused by the 
parallax effect can be prevented. 

[0014] In the ?rst embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one polymer ?lm is provided 
betWeen the polariZation ?lm and the scattering ?lm. In this 
case, it is preferable that the polymer ?lm is one selected 
from a group consisting of polycarbonate, polyalylate and 
polysulfe. 

[0015] Further, in the ?rst embodiment of the re?ective 
liquid crystal display device according to the present inven 
tion, it is preferable that at least one polymer ?lm is provided 
betWeen the scattering ?lm and the transparent substrate. In 
this case, it is preferable that the polymer ?lm is one selected 
from a group consisting of polycarbonate, polyalylate and 
polysul?ne. 

[0016] In the ?rst embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 
According to this preferable example, the characteristic is 
not deteriorated by disordering of the alignment of liquid 
crystal and the visual angle dependency becomes loW. 

[0017] In the ?rst embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. According to this preferable 
example, outside light can be collected effectively, and the 
re?ectance characteristic and the contrast characteristic of 
the front surface become excellent. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and the projection direction of a bisector direction 
of the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Accord 
ing to this preferable example, natural visual angle charac 
teristics can be obtained at many directions. Further, in this 
case, it is preferable that tWo, three or four forWard scatter 
ing ?lms, Which are layered, are used and the projection 
directions of a bisector direction of the angles indicating the 
scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0018] In the ?rst embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a color ?lter layer is provided betWeen the 
transparent substrate and the transparent electrode. 

[0019] A re?ective liquid crystal display device according 
to a second embodiment of the present invention comprises 
a transparent substrate positioned at the upper side, a sub 
strate positioned at the loWer side, a liquid crystal cell, tWo 
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polymer ?lms and a polariZation ?lm. A transparent elec 
trode and an alignment layer are provided in that sequential 
order on the inner side of the transparent electrode posi 
tioned at the upper side. A metallic re?ective electrode and 
an alignment layer are provided in that sequential order on 
the inner side of the substrate positioned at the loWer side. 
The liquid crystal cell, in Which nematic liquid crystal as a 
liquid is ?lled, is provided betWeen the transparent substrate 
positioned at the upper side and the substrate positioned at 
the loWer side. TWo polymer ?lms are provided outside of 
the transparent substrate positioned at the upper side of the 
liquid crystal cell The polariZation ?lm is provided outside 
of the polymer ?lms. The tWist angle of the nematic liquid 
crystal is selected betWeen 220° and 260°. The product of 
the birefringence of the nematic liquid crystal AnLC and the 
thickness of the liquid crystal layer dLc, AnLc'dLc, is set to 
be betWeen 0.6 pm and 1.2, pm. One of these polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2. When an extraordinary 
index of refraction of the inside of each polymer ?lm is 
designated as nX(i) (i=1,2), an ordinary index of refraction of 
the inside of each polymer ?lm is designated as ny(i) (i=1,2), 
and a thickness of each polymer ?lm is designated as dFi1m(i) 
(i=1,2), the retardation of each polymer ?lm, designated as 
RF?m(i) is obtained by folloWing formula: RF?m(i)=(nX(i)— 
ny(i))'dF?m(i) (i=1,2). The birefringence difference, A(R)= 
(RF?m(1)+RFi1m(2))—AnLc'dLc, Which is obtained by using 
the retardation of the polymer ?lm (RFi1m(i)=(nX(i)— 
ny(i))'dF?m(i) (i=1,2)) and AnLc'dLc, is betWeen —0.1 pm 
and —0.2 pm. When a re?ective liquid crystal display device 
is seen from the side of the transparent substrate positioned 
at the upper side, the tWist direction of the liquid crystal is 
designated as the positive direction of rotation an angle is 
measured using the horiZontal direction as a standard. When 
the angle of the alignment direction of the liquid crystal 
molecule on the transparent substrate positioned at the upper 
side is designated as CIDLC, the angle of the direction of 
retardation axis (the direction of extraordinary index of 
refraction) of the polymer ?lm provided on the side of the 
liquid crystal cell is designated as CIJF1, the angle of the 
direction of retardation axis (the direction of extraordinary 
index of refraction) of the polymer ?lm provided on the side 
of the polariZation ?lm is designated as CIDFZ, the angle of the 
direction of the adsorption axis of the polariZation ?lm is 
designated as (DP, (DH-(PLO satis?es 90°:20°, (DH-(I)F1 
satis?es 45°120° and (DP-(I)F2 satis?es —45°:20°. The sec 
ond embodiment of the re?ective liquid crystal display 
device can express a black display With loW re?ectance in 
achromatic color and a White display With high re?ectance 
in achromatic color, that is, a high contrast display In 
addition, since the tWist angle of the nematic liquid crystal 
is selected betWeen 220° and 260°, the excellent character 
istic can be obtained even if the liquid crystal display device 
is driven With a duty ratio of less than 1/200. Furthermore, 
since (DP-(I)F2 satis?es —45°E20°, the birefringence can be 
utiliZed With almost maximum ef?ciency and the utiliZation 
rate of light can be increased. 

[0020] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the tWist angle of the nematic liquid crystal 
is selected betWeen 240° and 260°, and AnLc'dLC is deter 
mined to be betWeen 0.8 pm and 1.1 pm. According to this 
preferable example, the excellent characteristic can be 
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obtained even if the liquid crystal display device is driven 
With a duty ratio of less than 1/240. 

[0021] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that RF?m(1) is 0.3 pm:0.1 pm and RFi1m(2) is 
0.5 pm:0.1 pm. According to this preferable example, the 
re?ectance of black, When an off-voltage is applied, can be 
decreased. 

[0022] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the polymer ?lm is one selected from a 
group consisting of polycarbonate, polyalylate and 
polysul?ne. 

[0023] In the second embodiment of the re?ective liquid 
crystal display device, When one of tWo polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2, an extraordinary index 
of refraction of the inside of each polymer ?lm is designated 
as nX(i) (i=1,2) an ordinary index of refraction of the inside 
of each polymer ?lm is designated as ny(i) (i=1,2), and an 
index of refraction of the perpendicular direction to each 
polymer ?lm is designated as nZ(i) (i=1,2), the Z coef?cient, 
QZ is obtained by folloWing formula. 

Qz(i)=(MD-"1(0)/(”X(i)-”y(i)) 
[0024] In the above formula, it is preferable that QZ(2) is 
betWeen 0.0 and 1.0. According to this preferable example, 
the re?ective liquid crystal display device having loW visual 
angle dependency can be obtained. In this case, it is pref 
erable that QZ(2) is betWeen 0.3 and 0.7. Furthermore, in this 
case, it is preferable that QZ(1) is betWeen 0.3 and 0.7. 

[0025] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 

[0026] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polymer ?lm and a liquid crystal cell. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0027] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polariZation ?lm and a polymer ?lm. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
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preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0028] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode is a dif 
fusion re?ective type or one having a scattering ?lm Which 
is layered on a specular metallic re?ective electrode. 
According to this preferable example, the re?ective liquid 
crystal display device having a natural change of visual 
angle characteristic can be obtained. 

[0029] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a transparent substrate is used as a substrate 
positioned at the loWer side, a transparent electrode is 
provided on the substrate positioned at the loWer side instead 
of metallic re?ective electrode and a diffusion re?ector 
comprising aluminum or silver is provided on the outside of 
the substrate provided at the loWer side. According to this 
preferable example, the re?ective liquid crystal display 
device having a natural change of visual angle characteristic 
can be obtained. Further, in this case, it is preferable that air 
is present betWeen the diffusion re?ector and the liquid 
crystal cell. 

[0030] In the second embodiment of the re?ective liquid 
crystal display device according to the present invention, a 
color ?lter layer is provided betWeen a transparent substrate 
provided at the upper side and a color ?lter layer. 

[0031] Are?ective liquid crystal display device according 
to a third embodiment of the present invention comprises a 
transparent substrate positioned at the upper side, a substrate 
positioned at the loWer side, a liquid crystal cell, tWo 
polymer ?lms and a polariZation ?lm. A transparent elec 
trode and an alignment layer are provided in that sequential 
order on the inner side of the transparent electrode posi 
tioned at the upper side. A metallic re?ective electrode and 
an alignment layer are provided in that sequential order on 
the inner side of the substrate positioned at the loWer side. 
The liquid crystal cell in Which nematic liquid crystal as a 
liquid is ?lled, is provided betWeen the transparent substrate 
positioned at the upper side and the substrate positioned at 
the loWer side. TWo polymer ?lms are provided outside of 
the transparent substrate positioned at the upper side of the 
liquid crystal cell. The polariZation ?lm is provided outside 
of the polymer ?lms. The tWist angle of the nematic liquid 
crystal is selected betWeen 220° and 260°. The product of 
the birefringence of the nematic liquid crystal AnLC and the 
thickness of the liquid crystal layer dLc, AnLc'dLC is set to 
be betWeen 0.6 pm and 1.2 pm. One of these polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2. When an extraordinary 
index of refraction of the inside of each polymer ?lm is 
designated as nX(i) (i=1,2), an ordinary index of refraction of 
the inside of each polymer ?lm is designated as ny(i) (i=1,2), 
and a thickness of each polymer ?lm is designated as dFi1m(i) 
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(i=1,2), the retardation of each polymer ?lm, designated as 
RF?m(i) is obtained by the following formula: RF?m(i)= 
(nX(i)—ny(i))'dF?m(i) (i=1,2). The birefringence difference, 
A(R)=(R?lm(1)+RF?m(2))—AnLc'dLC Which is obtained by 
using the retardation of the polymer ?lm (RFi1m(i)=(nX(i)— 
ny(i))'dF?m(i) (i=1,2)) and AnLc'dLc, is betWeen 0.4 pm and 
0.5 pm. When a re?ective liquid crystal display device is 
seen from the side of the transparent substrate positioned at 
the upper side, the tWist direction of the liquid crystal is 
designated as the positive direction of rotation, and an angle 
is measured using the horiZontal direction as a standard. 
When the angle of the alignment direction of the liquid 
crystal molecule on the transparent substrate positioned at 
the upper side is designated as CIJLC, the angle of the 
direction of retardation axis (the direction of the extraordi 
nary index of refraction) of the polymer ?lm provided on the 
side of the liquid crystal cell is designated as (DH, the angle 
of the direction of the retardation axis (the direction of 
extraordinary index of refraction) of the polymer ?lm pro 
vided on the side of the polariZation ?lm is designated as 
CIDFZ, the angle of the direction of the adsorption axis of the 
polariZation ?lm is designated as (DP, (DH-(PLO satis?es 
70°:20°, (DH-(I)F1 satis?es 60°120° and (DP-(I)F2 satis?es 
—20°:20°. The third embodiment of the re?ective liquid 
crystal display device can express a black display With loW 
re?ectance in achromatic color and a White display With high 
re?ectance in achromatic color, that is, a high contrast 
display. In addition, since the tWist angle of the nematic 
liquid crystal is selected betWeen 220° and 260°, the excel 
lent characteristic can be obtained even if the liquid crystal 
display device is driven With a duty ratio of less than 1/200. 
Furthermore, since (DP-(I)F2 satis?es —20°:20°, the birefrin 
gence can be utiliZed With almost maximum ef?ciency and 
the utiliZation rate of light can be increased. 

[0032] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the tWist angle of the nematic liquid crystal 
is selected betWeen 240° and 260°, and AnLc'dLC is deter 
mined to be betWeen 08pm and 1.1 pm. 

[0033] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that RF?m(1) is 0.75 pm:0.1 pm and RF?m(2) 
is 0.6 pm:0.1 pm. According to this preferable example, the 
re?ectance of black When an off-voltage is applied can be 
decreased. 

[0034] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the polymer ?lm is one selected from the 
group consisting of polycarbonate, polyalylate and 
polysul?ne. 
[0035] In the third embodiment of the re?ective liquid 
crystal display device, When one of tWo polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2, an extraordinary index 
of refraction of the inside of each polymer ?lm is designated 
as nX(i) (i=1,2), an ordinary index of refraction of the inside 
of each polymer ?lm is designated as ny(i) (i=1,2), and an 
index of refraction of the perpendicular direction to each 
polymer ?lm is designated as nZ(i) (i=1,2), the Z coef?cient 
QZ is obtained by folloWing formula. 

QZU)=("X(i)-”z(i))/(”X(i)-”y(i)) 
[0036] In the above formula, it is preferable that QZ(2) is 
betWeen 0.0 and 1.0. According to this preferable example, 
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the re?ective liquid crystal display device having a loW 
visual angle dependency can be obtained. In this case, it is 
preferable that QZ(2) is betWeen 0.3 and 0.7. Furthermore, 
in this case, it is preferable that QZ(1) is betWeen 0.3 and 0.7. 

[0037] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 

[0038] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polymer ?lm and a liquid crystal cell. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and the projection directions of a bisector direction 
of the angles indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0039] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polariZation ?lm and a polymer ?lm. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or is anti-parallel to 
each other. 

[0040] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode is a dif 
fusion re?ective type or one having a scattering ?lm Which 
is layered on a specular metallic re?ective electrode. 

[0041] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a transparent substrate is used as a substrate 
positioned at the loWer side, a transparent electrode is 
provided on the substrate positioned at the loWer side instead 
of metallic re?ective electrode and a diffusion re?ector 
comprising aluminum or silver is provided on the outside of 
the substrate provided at the loWer side. Further, in this case, 
it is preferable that air is present betWeen the diffusion 
re?ector and the liquid crystal cell. 

[0042] In the third embodiment of the re?ective liquid 
crystal display device according to the present invention, a 
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color ?lter layer is provided between a transparent substrate 
provided at the upper side and a transparent electrode. 

[0043] A re?ective liquid crystal display device according 
to a fourth embodiment of the present invention comprises 
a transparent substrate positioned at the upper side, a sub 
strate positioned at the loWer side, a liquid crystal cell, tWo 
polymer ?lms and a polariZation ?lm. A transparent elec 
trode and an alignment layer are provided in that sequential 
order on the inner side of the transparent electrode posi 
tioned at the upper side. A metallic re?ective electrode and 
an alignment layer are provided in that sequential order on 
the inner side of the substrate positioned at the loWer side. 
The liquid crystal cell, in Which nematic liquid crystal as a 
liquid is ?lled, is provided betWeen the transparent substrate 
positioned at the upper side and the substrate positioned at 
the loWer side. TWo polymer ?lms are provided outside of 
the transparent substrate positioned at the upper side of the 
liquid crystal cell. The polariZation ?lm is provided outside 
of the polymer ?lms. The tWist angle of the nematic liquid 
crystal is selected betWeen 220° and 260°. The product of 
the birefringence of the nematic liquid crystal AnLC and the 
thickness of the liquid crystal layer dLc, AnLc—dLC is deter 
mined betWeen 0.6 pm and 1.2 pm. One of these polymer 
?lms positioned closer to the liquid crystal cell is designated 
as 1 and the other one is designated as 2. When an extraor 
dinary index of refraction of the inside of each polymer ?lm 
is designated as nX(i) (i=1,2), an ordinary index of refraction 
of the inside of each polymer ?lm is designated as ny(i) 
(i=1,2), and a thickness of each polymer ?lm is designated 
as dF?m(i) (i=1,2), the retardation of each polymer ?lm, 
designated as RFi1m(i) is obtained by the folloWing formula: 
RF?m(i)=(nX(i)—ny(i))'dF?m(i) (i=1,2). The birefringence dif 
ference, A(R)=(RF?m(1)+RFi1m(2))—AnLc'dLc, Which is 
obtained by using the retardation of the polymer ?lm 
(Rama)=(nX(1)-ny(1>)-dmm(1) (1=1,2)) and AnLc-dw is 
betWeen 0.15 pm and 0.3 pm. When a re?ective liquid 
crystal display device is seen from the side of the transparent 
substrate positioned at the upper side, the tWist direction of 
the liquid crystal is designated as the positive direction of 
rotation, an angle is measured using the horiZontal direction 
as a standard. When the angle of the alignment direction of 
the liquid crystal molecule on the transparent substrate 
positioned at the upper side is designated as CIDLC, the angle 
of the direction of retardation axis (the direction of extraor 
dinary index of refraction) of the polymer ?lm Which is 
provided on the side of the liquid crystal cell is designated 
as CIJF1, the angle of the direction of retardation axis (the 
direction of extraordinary index of refraction) of the poly 
mer ?lm Which is provided on the side of the polariZation 
?lm is designated as CIJFZ, the angle of the direction of the 
adsorption axis of the polariZation ?lm is designated as (DP, 
(DH-(PLO satis?es 145°:20°, (DH-(I)F1 satis?es —120°:20° 
and (DP-(I)F2 satis?es :45°:20°. The fourth embodiment of 
the re?ective liquid crystal display device can express a 
black display With loW re?ectance in achromatic color and 
a White display With high re?ectance in achromatic color, 
that is, a high contrast display. In addition, since the tWist 
angle of the nematic liquid crystal is selected betWeen 220° 
and 260°, the excellent characteristic can be obtained even 
if the liquid crystal display device is driven With a duty ratio 
of less than 1/200. Furthermore, since (DP-(I)F2 satis?es 
:45°:20°, the birefringence can be utiliZed With almost 
maximum efficiency and the utiliZation rate of light can be 
increased. 
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[0044] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the tWist angle of the nematic liquid crystal 
is selected betWeen 240° and 260°, and AnLc'dLC is deter 
mined to be betWeen 0.8 pm and 1.1 pm. 

[0045] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that RF?m(1) is 0.3 pm:0.1 pm and RF?m(2) is 
0.75 pm:0.1 pm. According to this preferable example, the 
re?ectance of black When an off-voltage is applied can be 
decreased. 

[0046] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the polymer ?lm is one selected from a 
group consisting of polycarbonate, polyalylate and 
polysul?ne. 

[0047] In the fourth embodiment of the re?ective liquid 
crystal display device, When one of tWo polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2, an extraordinary index 
of refraction of the inside of each polymer ?lm is designated 
as nX(i) (i=1,2), an ordinary index of refraction of the inside 
of each polymer ?lm is designated as ny(i) (i=1,2), and an 
index of refraction of the perpendicular direction to each 
polymer ?lm is designated as nZ(i) (i=1,2), the Z coefficient, 
QZ is obtained by the folloWing formula. 

[0048] In the above formula, it is preferable that QZ(2) is 
betWeen 0.0 and 1.0. According to this preferable example, 
the re?ective liquid crystal display device having a loW 
visual angle dependency can be obtained. In this case, it is 
preferable that QZ(2) is betWeen 0.3 and 0.7. Furthermore, 
in this case, it is preferable that QZ(1) is betWeen 0.3 and 0.7. 

[0049] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 

[0050] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polymer ?lm and a liquid crystal cell. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
angle indicating the scattering range of each forWard scat 
tering ?lm to the surface of the ?lm is different. Further, in 
this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and a projection 
direction of a bisector direction of the angle indicating the 
scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti parallel to each 
other. 

[0051] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polariZation ?lm and a polymer ?lm. In this case, 
it is preferable that the scattering ?lm is forWard scattering 
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?lm. In this case, it is preferable that a scattering range of the 
forward scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and the projection directions of a bisector direction 
of the angles indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0052] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode is a dif 
fusion re?ective type or one having a scattering ?lm Which 
is layered on a specular metallic re?ective electrode. 

[0053] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a transparent substrate is used as a substrate 
positioned at the loWer side, a transparent electrode is 
provided on the substrate positioned at the loWer side instead 
of metallic re?ective electrode and a diffusion re?ector 
comprising aluminum or silver is provided on the outside of 
the substrate provided at the loWer side. Further, in this case, 
it is preferable that air is present betWeen the diffusion 
re?ector and the liquid crystal cell. 

[0054] In the fourth embodiment of the re?ective liquid 
crystal display device according to the present invention, a 
color ?lter layer is provided betWeen a transparent substrate 
provided at the upper side and a transparent electrode. 

[0055] A re?ective liquid crystal display device according 
to a ?fth embodiment of the present invention comprises a 
transparent substrate positioned at the upper side, a substrate 
positioned at the loWer side, a liquid crystal cell, tWo 
polymer ?lms and a polariZation ?lm. A transparent elec 
trode and an alignment layer are provided in that sequential 
order on the inner side of the transparent electrode posi 
tioned at the upper side. A metallic re?ective electrode and 
an alignment layer are provided in that sequential order on 
the inner side of the substrate positioned at the loWer side. 
The liquid crystal cell, in Which nematic liquid crystal as a 
liquid is ?lled, is provided betWeen the transparent substrate 
positioned at the upper side and the substrate positioned at 
the loWer side. TWo polymer ?lms are provided outside of 
the transparent substrate positioned at the upper side of the 
liquid crystal cell. The polariZation ?lm is provided outside 
of the polymer ?lms. The tWist angle of the nematic liquid 
crystal is selected betWeen 220° and 260°. The product of 
the birefringence of the nematic liquid crystal AnLC and the 
thickness of the liquid crystal layer dLc, AnLc'dLOis set to 
be betWeen 0.6 pm and 1.2 pm. One of these polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2. When an extraordinary 
index of refraction of the inside of each polymer ?lm is 
designated as nX(i) (i=1,2), an ordinary index of refraction of 
the inside of each polymer ?lm is designated as ny(i) (i=1,2), 
and a thickness of each polymer ?lm is designated as dFi1m(i) 
(i=1,2), the retardation of each polymer ?lm, designated as 
RF?m(i), is obtained by the folloWing formula: RF?m(i)= 
(nX(i)—ny(i))'dF?m(i) (i=1,2). The birefringence difference, 
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A(R)=(RFi1m(1)+RF?m(2))—AnLc'dLc, Which is obtained by 
using the retardation of the polymer ?lm (RFi1m(i)=(nX(i)— 
ny(i))'dFi1m(i) (i=1,2)) and AnLc'dLc, is betWeen 0.05 pm 
and 0.15 pm. When a re?ective liquid crystal display device 
is seen from the side of the transparent substrate positioned 
at the upper side, the tWist direction of the liquid crystal is 
designated as the positive direction of rotation, and an angle 
is measured using the horiZontal direction as a standard. 
When the angle of the alignment direction of the liquid 
crystal molecule on the transparent substrate positioned at 
the upper side is designated as CIJLC, the angle of the 
direction of retardation axis (the direction of extraordinary 
index of refraction) of the polymer ?lm Which is provided on 
the side of the liquid crystal cell is designated as (DH, the 
angle of the direction of retardation axis (the direction of 
extraordinary index of refraction) of the polymer ?lm Which 
is provided on the side of the polariZation ?lm is designated 
as CIJFZ, the angle of the direction of the adsorption axis of 
the polariZation ?lm is designated as (DP, (DH-(PLO satis?es 
90°:20°, (DH-(I)F1 satis?es —45°:20° and (DP-(I)F2 satis?es 
:60°:20°. The ?fth embodiment of the re?ective liquid 
crystal display device can express a black display With loW 
re?ectance in achromatic color and a White display With high 
re?ectance in achromatic color, that is, a high contrast 
display. In addition, since the tWist angle of the nematic 
liquid crystal is selected betWeen 220° and 260°, the excel 
lent characteristic can be obtained even if the liquid crystal 
display device is driven With a duty ratio of less than 1/200. 
Furthermore, since (DP-(I)F2 satis?es :60°:20°, the birefrin 
gence can be utiliZed With almost maximum ef?ciency and 
utiliZation rate of light can be increased. 

[0056] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the tWist angle of the nematic liquid crystal 
is selected betWeen 240° and 260°, and AnLc'dLC is deter 
mined to be betWeen 0.8 pm and 1.1 pm. 

[0057] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that RF?m(1) is 0.6 pm:0.1 pm and RF?m(2) is 
0.5 pm:0.1 pm. According to this preferable example, the 
re?ectance of black When an off-voltage is applied can be 
decreased. 

[0058] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the polymer ?lm is one selected from a 
group consisting of polycarbonate, polyalylate and 
polysul?ne. 

[0059] In the ?fth embodiment of the re?ective liquid 
crystal display device, When one of tWo polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2, an extraordinary index 
of refraction of the inside of each polymer ?lm is designated 
as nX(i) (i=1,2), an ordinary index of refraction of the inside 
of each polymer ?lm is designated as ny(i) (i=1,2), and an 
index of refraction of the perpendicular direction to each 
polymer ?lm is designated as nZ(i) (i=1,2), the Z coefficient, 
QZ is obtained by the folloWing formula. 

[0060] In the above formula, it is preferable that QZ(2) is 
betWeen 0.0 and 1.0. According to this preferable example, 
the re?ective liquid crystal display device having loW visual 
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angle dependency can be obtained In this case, it is prefer 
able that QZ(2) is betWeen 0.3 and 0.7. Furthermore, in this 
case, it is preferable that QZ(1)is betWeen 0.3 and 0.7. 

[0061] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 

[0062] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polymer ?lm and a liquid crystal cell. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or is antiparallel to 
each other. 

[0063] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polariZation ?lm and a polymer ?lm. In this case, 
it is preferable that the scattering ?lm is a forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or is antiparallel to 
each other. 

[0064] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode is a dif 
fusion re?ective type or one having a scattering ?lm Which 
is layered on a specular metallic re?ective electrode. 

[0065] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a transparent substrate is used as a substrate 
positioned at the loWer side, a transparent electrode is 
provided on the substrate positioned at the loWer side instead 
of metallic re?ective electrode and a diffusion re?ector 
comprising aluminum or silver is provided on the outside of 
the substrate provided at the loWer side. Further, in this case, 
it is preferable that air is present betWeen the diffusion 
re?ector and the liquid crystal cell. 

[0066] In the ?fth embodiment of the re?ective liquid 
crystal display device according to the present invention, a 
color ?lter layer is provided betWeen a transparent substrate 
provided at the upper side and a transparent electrode. 
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[0067] Are?ective liquid crystal display device according 
to a sixth embodiment of the present invention comprises a 
transparent substrate positioned at the upper side, a substrate 
positioned at the loWer side, a liquid crystal cell tWo polymer 
?lms and a polariZation ?lm. A transparent electrode and an 
alignment layer are provided in that sequential order on the 
inner side of the transparent electrode positioned at the 
upper side. Ametallic re?ective electrode and an alignment 
layer are provided in that sequential order on the inner side 
of the substrate positioned at the loWer side. The liquid 
crystal cell in Which nematic liquid crystal as a liquid is 
?lled, is provided betWeen the transparent substrate posi 
tioned at the upper side and the substrate positioned at the 
loWer side. TWo polymer ?lms are provided outside of the 
transparent substrate positioned at the upper side of the 
liquid crystal cell. The polariZation ?lm is provided outside 
of the polymer ?lms. The tWist angle of the nematic liquid 
crystal is selected betWeen 220° and 260°. The product of 
the birefringence of the nematic liquid crystal AnLC and the 
thickness of the liquid crystal layer dLc, AnLc'dLC is set to 
be betWeen 0.6 pm and 1.2 pm. One of these polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2. When an extraordinary 
index of refraction of the inside of each polymer ?lm is 
designated as nX(i) (i=1,2), an ordinary index of refraction of 
the inside of each polymer ?lm is designated as ny(i) (i=1,2), 
and a thickness of each polymer ?lm is designated as dFi1m(i) 
(i=1,2), the retardation of each polymer ?lm, designated as 
RF?m(i), is obtained by the folloWing formula: RFnm(i)= 
(nX(i)—ny(i))'dF?m(i) (i=1,2). The birefringence difference, 
A(R)=(RF?m(l)+RF?m(2))—AnLc'dLc, Which is obtained by 
using the retardation of the polymer ?lm (RF?m(i)=(nX(i)— 
ny(i))'dFi1m(i) (i=1,2)) and AnLc'dLc, is betWeen 0.3 pm and 
0.4 pm. When a re?ective liquid crystal display device is 
seen from the side of the transparent substrate positioned at 
the upper side, the tWist direction of the liquid crystal is 
designated as the positive direction of rotation, and an angle 
is measured using the horiZontal direction as a standard. 
When the angle of the alignment direction of the liquid 
crystal molecule on the transparent substrate positioned at 
the upper side is designated as CIJLC, the angle of the 
direction of retardation axis (the direction of extraordinary 
index of refraction) of the polymer ?lm Which is provided on 
the side of the liquid crystal cell is designated as (DH, the 
angle of the direction of retardation axis (the direction of 
extraordinary index of refraction) of the polymer ?lm Which 
is provided on the side of the polariZation ?lm is designated 
as CIJFZ, the angle of the direction of the adsorption axis of 
the polariZation ?lm is designated as (DP, (DH-(PLO satis?es 
110°:20°, (DH-(I)F1 satis?es —60°:20° and (DP-(I)F2 satis?es 
(:45°—20°):20°, The sixth embodiment of the re?ective 
liquid crystal display device can express a black display With 
loW re?ectance in achromatic color and a White display With 
high re?ectance in achromatic color, that is, a high contrast 
display. In addition, since the tWist angle of the nematic 
liquid crystal is selected betWeen 220° and 260°, the excel 
lent characteristic can be obtained even if the liquid crystal 
display device is driven With a duty ratio of less than 1/200. 
Furthermore, since (DP-(I)F2 satis?es (:45—20°):20°, the 
birefringence can be utiliZed With almost maximum ef? 
ciency and the utiliZation rate of light can be increased. 

[0068] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the tWist angle of the nematic liquid crystal 
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is selected between 240° and 260°, and AnLc'dLC is deter 
mined between 0.8 pm and 1.1 pm. 

[0069] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that RFi1m(1) is 0.5 pm:0.1 pm and RFi1m(2) is 
0.7 pm:0.1 82 m. According to this preferable example, the 
re?ectance of black When an off-voltage is applied can be 
decreased. 

[0070] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the polymer ?lm is one selected from a 
group consisting of polycarbonate, polyalylate and 
polysuline. 

[0071] In the sixth embodiment of the re?ective liquid 
crystal display device, When one of tWo polymer ?lms 
positioned closer to the liquid crystal cell is designated as 1 
and the other one is designated as 2, an extraordinary index 
of refraction of the inside of each polymer ?lm is designated 
as nX(i) (i=1,2), an ordinary index of refraction of the inside 
of each polymer ?lm is designated as ny(i) (i=1,2), and an 
index of refraction of the perpendicular direction to each 
polymer ?lm is designated as nZ(i) (i=1,2), the Z coef?cient, 
QZis obtained by the folloWing formula. 

QZU')=("X(i)-”Z(i))/(”X(i)-”y(i)) 
[0072] In the above formula, it is preferable that QZ(2) is 
betWeen 0.0 and 1.0. According to this preferable example, 
the re?ective liquid crystal display device having a loW 
visual angle dependency can be obtained. In this case, it is 
preferable that QZ(2) is betWeen 0.3 and 0.7. Furthermore, 
in this case, it is preferable that QZ(1) is betWeen 0.3 and 0.7. 

[0073] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode comprises 
aluminum or silver and is of the specular re?ection type. 

[0074] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polymer ?lm and a liquid crystal cell In this case, 
it is preferable that the scattering ?lm is forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
angle indicating the scattering range of each forWard scat 
tering ?lm to the surface of the ?lm is different. Further, in 
this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angle indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0075] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that at least one scattering ?lm is provided 
betWeen a polariZation ?lm and a polymer ?lm. In this case, 
it is preferable that the scattering ?lm is forWard scattering 
?lm. In this case, it is preferable that a scattering range of the 
forWard scattering ?lm is asymmetric With respect to the 
normal direction of the ?lm. Further, in this case, it is 
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preferable that a plurality of layered forWard scattering ?lms 
are used and a projection direction of a bisector direction of 
the angle indicating the scattering range of each forWard 
scattering ?lm to the surface of the ?lm is different. Further, 
in this case, it is preferable that tWo, three or four forWard 
scattering ?lms, Which are layered, are used and the projec 
tion directions of a bisector direction of the angles indicating 
the scattering range of each forWard scattering ?lm to the 
surface of the ?lm are at a right angle or anti-parallel to each 
other. 

[0076] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that the metallic re?ective electrode is a dif 
fusion re?ective type or one having a scattering ?lm Which 
is layered on a specular metallic re?ective electrode. 

[0077] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, it 
is preferable that a transparent substrate is used as a substrate 
positioned at the loWer side, a transparent electrode is 
provided on the substrate positioned at the loWer side instead 
of a metallic re?ective electrode and a diffusion re?ector 
comprising aluminum or silver is provided on the outside of 
the substrate provided at the loWer side. Further, in this case, 
it is preferable that an air presents betWeen the diffusion 
re?ector and the liquid crystal cell. 

[0078] In the sixth embodiment of the re?ective liquid 
crystal display device according to the present invention, a 
color ?lter layer is provided betWeen a transparent substrate 
provided at the upper side and a transparent electrode. 

BRIEF DESCRIPTION OF DRAWINGS 

[0079] FIG. 1 is a sectional vieW shoWing a re?ective 
liquid crystal display device in a ?rst embodiment of the 
present invention. 

[0080] FIG. 2 is a sectional vieW shoWing a re?ective 
liquid crystal display device in a second embodiment of the 
present invention. 

[0081] FIG. 3 is a sectional vieW shoWing a re?ective 
liquid crystal display device in third, fourth, ?fth, sixth, 
seventh, eighth and ninth embodiments of the present inven 
tion. 

[0082] FIG. 4 illustrates the optical properties of a re?ec 
tive liquid crystal display device in third, fourth, ?fth, sixth, 
seventh, eighth, ninth, tenth and eleventh embodiments of 
the present invention 

[0083] FIG. 5(a) is a conceptual vieW shoWing the scat 
tering direction of a scattering ?lm layer comprising one 
forWard scattering ?lm, seen from the side, of a re?ective 
liquid crystal display device in an eighth embodiment of the 
present invention. 

[0084] FIG. 5(b) is a conceptual vieW shoWing the scat 
tering direction of a scattering ?lm layer comprising one 
forWard scattering ?lm, seen from the top, of a re?ective 
liquid crystal display device in an eighth embodiment of the 
present invention. 

[0085] FIG. 5(c) is a conceptual vieW shoWing the scat 
tering direction of a scattering ?lm layer comprising three 
forWard scattering ?lms, seen from the top, of a re?ective 
liquid crystal display device in an eighth embodiment of the 
present invention. 
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[0086] FIG. 6(a) shows the change of the re?ectance of 
black When an off-voltage is applied With respect to the 
change of visual angle in the right direction for a re?ective 
liquid crystal display device in a ninth embodiment of the 
present invention. 

[0087] FIG. 6(b) shoWs the change of the re?ectance of 
black When an off-voltage is applied With respect to the 
change of visual angle in the upper direction for a re?ective 
liquid crystal display device in a ninth embodiment of the 
present invention. 

[0088] FIG. 7 is a sectional vieW shoWing a re?ective 
liquid crystal display device in a tenth embodiment of the 
present invention. 

[0089] FIG. 8 is a sectional vieW shoWing a re?ective 
liquid crystal display device in an eleventh embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0090] Hereinafter, the details of the present invention Will 
be described referring to the draWings. 

[0091] (A ?rst embodiment) 
[0092] FIG. 1 is a sectional vieW shoWing a re?ective 
liquid crystal display device of a ?rst embodiment of the 
present invention. As shoWn in FIG. 1, a transparent elec 
trode 16 is provided via a color ?lter layer 14 on a trans 
parent substrate 13 Which is positioned at the upper side of 
the device. A metallic re?ective electrode 18 is provided on 
a substrate 19 positioned at the loWer side of the device. An 
alignment layer 15a is provided on the transparent electrode 
16, and an alignment layer 15b is provided on the metallic 
re?ective electrode 18 respectively. The transparent sub 
strate 13 positioned at the upper side and the substrate 19 
positioned at the loWer side are arranged parallel to each 
other With the alignment layers 15a and 15b acing each 
other. A liquid crystal layer 17 is provided betWeen the 
alignment layers 15a and 15b. A scattering ?lm 12 is 
provided on a surface of the transparent substrate 13 posi 
tioned at the upper side opposite to the surface Where the 
transparent electrode 16 is provided. Apolymer ?lm 11 and 
a polariZation ?lm 10 are provided in that sequential order 
on the scattering ?lm 12. 

[0093] Next, a method for manufacturing the re?ective 
liquid crystal display device having the above-mentioned 
construction Will be eXplained. 

[0094] A non-alkali glass substrate Was used as the trans 
parent substrate 13 positioned at the upper side and the 
substrate 19 positioned at the loWer side. Pigment dispersion 
color ?lter layer 14 With stripe-array of red, green and blue 
Was provided by photolithography on the transparent sub 
strate 13. A transparent electrode 16 composed of oXide of 
indium and tin as a picture element electrode Was provided 
on the surface of the color ?lter layer 14. Each picture 
element electrode is driven actively by thin ?lm transistor 
(TFT) provided on the transparent substrate 13 positioned at 
the upper side. A specular re?ective metallic re?ective 
electrode 18 Was provided on the substrate 19 positioned at 
the loWer side by depositing titanium ?lm having a thickness 
of 300 nm and aluminum ?lm having a thickness of 200 nm 
in that sequential order. 

Dec. 6, 2001 

[0095] 5 Wt % polyimide solution (the solvent is y-buty 
rolactone) Was printed on a transparent electrode 16 and a 
metallic re?ective electrode 18. Then the polyimide solution 
Was hardened at 200° C. and alignment treatment Was 
carried out by the rotation rubbing method using rayon cloth 
to obtain the rubbing directions that are anti-parallel to each 
other. Accordingly, alignment layers 15a and 15b Were 
provided on the transparent electrode 16 and the metallic 
re?ective electrode 18 respectively. 

[0096] NeXt, a thermo-setting seal resin containing 1.0 Wt 
% of glass ?ber having a diameter of 5.7 pm Was printed on 
the periphery of the top surface of the transparent substrate 
13 positioned at the upper side and resin beads having a 
diameter of 4.5 pm Were spread on the substrate 19 posi 
tioned at the loWer side at a ratio of 200 pieces/mm2 . The 
transparent substrate 13 positioned at the upper side and the 
substrate 19 positioned at the loWer side Were adhered 
together, and then the thermosetting seal resin Was hardened 
at 150° C. to manufacture a cell container. In this case, the 
cell container has a ?lling portion for ?lling liquid crystal 
material. NeXt, air in the cell container Was evacuated While 
the liquid crystal material Was deaerated. Then, ?uorine 
containing ester based nematic liquid crystal having a bire 
fringence AnLc=0.09 Was ?lled in the cell container. Then, 
the ?lling portion of the cell container Was sealed With 
ultraviolet ray hardening resin, and the ultraviolet ray hard 
ening resin Was hardened by irradiation With ultraviolet ray 
to manufacture a liquid crystal cell. 

[0097] A forWard scattering ?lm With a scattering range 
betWeen 0° and 50° measured from the normal line of the 
?lm Was adhered to the surface of the transparent substrate 
13 as a scattering ?lm, opposite to the surface Where the 
transparent electrode 16 Was provided, so as to match the 
projection direction of a bisector direction of the angle 
indicating the scattering range of the forWard scattering ?lm 
to the surface of the ?lm With the rubbing direction at the 
side of the transparent substrate 13 positioned at the upper 
side. 

[0098] NeXt, a polycarbonate having a retardation of 385 
nm and the Z coef?cient, QZ of 0.5 Was adhered to the 
scattering ?lm 12 as a polymer ?lm 11 in Which the 
retardation aXis direction is at a right angle to the rubbing 
direction at the side of the transparent substrate 13 posi 
tioned at the upper side. 

[0099] Finally, a neutral gray polariZation ?lm, to Which 
anti-glare (AG) treatment and anti-re?ection treatment Was 
applied, Was adhered to the polymer ?lm 11 as a polariZation 
?lm 10 in Which the angle betWeen the adsorption aXis 
direction and the rubbing direction at the side of the trans 
parent substrate 13 positioned at the upper side is 45°. 

[0100] According to the above-mentioned procedure, the 
re?ective color liquid crystal display device With normally 
black mode, Which is driven actively by TFT and expresses 
a black display When a voltage is not applied, Was obtained. 

[0101] According to the present embodiment, a bright 
display can be obtained by providing a scattering ?lm 12 to 
increase the collecting ef?ciency of outside light. Further, 
the deterioration of characteristic caused by disordering 
alignment of the liquid crystal can be prevented by using a 
specular re?ective metallic re?ective electrode 18. In addi 
tion to that, visual angle dependency can be reduced. 
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[0102] The characteristics of the front surface of re?ective 
liquid crystal display device having the above-mentioned 
constitution Were measured. The contrast Was 12.5 and the 
re?ectance With Y value conversion Was 15.3%. 

[0103] Are?ective liquid crystal display device With black 
and White mode Was manufactured by removing the color 
?lter layer 14. The characteristics of front surface of the 
re?ective liquid crystal display device With black and White 
mode Were measured. The contrast Was 12.8 and the re?ec 
tance With Y value conversion Was 32.3%. 

[0104] The present embodiment, in Which a scattering ?lm 
12 Was provided betWeen the transparent substrate 13 posi 
tioned at the upper side and a polymer ?lm 11, Was com 
pared With an embodiment, in Which a scattering ?lm 12 Was 
provided on a polariZation ?lm 10. As a result, in the present 
embodiment, an image blur, based on parallax caused by the 
change of the observer’s visual angle and that of the incident 
direction of outside light Was reduced. That is, the parallax 
based on the panel parallax can be reduced by providing a 
scattering ?lm 12 closer to the liquid crystal cell. 

[0105] In the present embodiment, a liquid crystal cell 
With homogeneous alignment ?eld effect birefringence 
mode Was used. HoWever, it is not limited thereto. Any 
re?ective liquid crystal cell comprising one polariZation ?lm 
that can express a display can obtain the same effect as that 
obtained in the present embodiment. 

[0106] Further, in the present embodiment, a metallic 
re?ective re?ector electrode 18 comprising aluminum Was 
used. HoWever, it is not limited thereto. Any specular 
re?ective metallic re?ector electrode comprising silver can 
obtain the same effect as that obtained in the present 
embodiment. 

[0107] Further, in the present embodiment, one scattering 
?lm 12 Was used. HoWever, it is not limited thereto. A 
scattering ?lm layer comprising a plurality of scattering 
?lms can be used. 

[0108] Further, in the present embodiment, a polymer ?lm 
11 Was provided betWeen a polariZation ?lm 10 and a 
scattering ?lm 12. HoWever, it is not limited thereto. A 
polymer ?lm 11 is not alWays provided betWeen a polariZa 
tion ?lm 10 and a scattering ?lm 12. Furthermore, a polymer 
?lm layer comprising a plurality of polymer ?lms can be 
used. 

[0109] Further, in the present embodiment, polycarbonate 
Was used as a polymer ?lm 11. HoWever, it is not limited 
thereto. The same effect can be obtained by using, for 
example, polyalylate or polysullane. 

[0110] (A second embodiment) 
[0111] FIG. 2 is a sectional vieW shoWing a re?ective 
liquid crystal display device of a second embodiment of the 
present invention. As shoWn in FIG. 2, a transparent elec 
trode 26 is provided via a color ?lter layer 24 on a trans 
parent substrate 23, Which is positioned at the upper side of 
the display device. A metallic re?ective electrode 28 is 
provided on a substrate 29 positioned at the loWer side of the 
device. An alignment layer 25a is provided on the transpar 
ent electrode 26, and an alignment layer 25b is provided on 
the metallic re?ective electrode 28 respectively. The trans 
parent substrate 23 positioned at the upper side and the 
substrate 29 positioned at the loWer side are arranged 
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parallel to each other With the alignment layers 25a and 25b 
facing each other. A liquid crystal layer 27 is provided 
betWeen the alignment layers 25a and 25b. A polymer ?lm 
21 is provided on a surface of the transparent substrate 23 
opposite to the surface Where the transparent electrode 26 is 
provided. A scattering ?lm 22 and a polariZation ?lm 20 are 
provided in that sequential order on the polymer ?lm 21. 

[0112] Next, a method for manufacturing the re?ective 
liquid crystal display device having the above-mentioned 
construction Will be explained. 

[0113] A non-alkali glass substrate Was used as a trans 
parent substrate 23 positioned at the upper side and a 
substrate 29 positioned at the loWer side. Pigment dispersion 
color ?lter layer 24 With stripe-array of red, green and blue 
Was provided by photolithography on the transparent sub 
strate 23 positioned at the upper side. Atransparent electrode 
26 composed of oxide of indium and tin as a picture element 
electrode Was provided on the surface of the color ?lter layer 
24. Each picture element electrode is driven actively by thin 
?lm transistor (TFT) provided on the transparent substrate 
23 positioned at the upper side. Aspecular re?ective metallic 
re?ective electrode 28 Was provided on the substrate 29 
positioned at the loWer side by depositing titanium ?lm 
having a thickness of 300 nm and aluminum ?lm having a 
thickness of 200 nm in that sequential order. 

[0114] 5 Wt % polyimide solution (the solvent is y-buty 
rolactone) Was printed on transparent electrode 26 and 
metallic re?ective electrode 28. Then the polyimide solution 
Was hardened at 200° C. and an alignment treatment Was 
carried out by the rotation rubbing method using rayon cloth 
to obtain the rubbing directions that are anti-parallel to each 
other. Accordingly, alignment layers 25a and 25b Were 
provided on the transparent electrode 26 and the metallic 
re?ective electrode 28 respectively. 

[0115] Next, a thermo-setting seal resin containing 1.0 Wt 
% of glass ?ber having a diameter of 5.7 pm Was printed on 
the periphery of the top surface of the transparent substrate 
23 positioned at the upper side and resin beads having a 
diameter of 4.5 pm Were spread on the substrate 29 posi 
tioned at the loWer side at a ratio of 200 pieces/mm2. The 
transparent substrate 23 positioned at the upper side and the 
substrate 29 positioned at the loWer side Were adhered 
together, and then the thermo-setting seal resin Was hard 
ened at 150° C. to manufacture a cell container. In this case, 
the cell container has a ?lling portion for ?lling liquid crystal 
material. Next, air in the cell container Was evacuated While 
the liquid crystal material Was deaerated. Then, ?uorine 
containing ester based nematic liquid crystal having a bire 
fringence AnLc=0.09 Was ?lled in the cell container. Then, 
the ?lling portion of the cell container Was sealed With 
ultraviolet ray hardening resin, and the ultraviolet ray hard 
ening resin Was hardened by irradiation With ultraviolet ray 
to manufacture a liquid crystal cell. 

[0116] Next, a polycarbonate having a retardation of 385 
nm and the Z coef?cient, QZ of 0.5 Was adhered to the 
surface of the transparent substrate 23 positioned at the 
upper side, opposite to the surface Where the transparent 
electrode 26 is provided, as a polymer ?lm 21. The retar 
dation axis direction is at a right angle to the rubbing 
direction at the side of the transparent substrate 23 posi 
tioned at the upper side. 

[0117] A forWard scattering ?lm With scattering range 
between 00 and 500 measured from the normal line of the 
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?lm, Was adhered to the surface of the polymer ?lm 21 so 
as to match the projection direction of a bisector direction of 
the angle indicating the scattering range of the forWard 
scattering ?lm to the surface of the ?lm With the rubbing 
direction at the side of the transparent substrate 23 posi 
tioned at the upper side. 

[0118] Finally, a neutral gray polariZation ?lm, to Which 
anti-glare (AG) treatment and anti-re?ection treatment Was 
applied, Was adhered to the scattering ?lm 22 as a polariZa 
tion ?lm 20 in Which the angle betWeen the adsorption axis 
direction and the rubbing direction at the side of the trans 
parent substrate 23 positioned at the upper side is 45°. 

[0119] According to the above-mentioned procedure, the 
re?ective color liquid crystal display device With normally 
black mode, Which is driven actively by TFT and expresses 
a black display When a voltage is not applied, Was obtained. 

[0120] According to the constitution of the present 
embodiment, a bright display can be obtained by providing 
a scattering ?lm 22 to increase the collecting ef?ciency of 
outside light. Further, the deterioration of characteristics 
caused by disordering alignment of the liquid crystal can be 
prevented by using a specular surface re?ective metallic 
re?ective electrode 28. In addition to that, the visual angle 
dependency can be reduced. 

[0121] The characteristics of the front surface of the 
re?ective liquid crystal display device having the above 
mentioned constitution Were measured. The contrast Was 
12.4 and the re?ectance With Yvalue conversion Was 15.5%. 

[0122] Are?ective liquid crystal display device With black 
and White mode Was manufactured by removing the color 
?lter layer 24. The characteristics of the front surface of the 
re?ective liquid crystal display device With black and White 
mode Were measured. The contrast Was 12.7 and the re?ec 
tance With Y value conversion Was 32.2%. 

[0123] The present embodiment, in Which a scattering ?lm 
22 Was provided betWeen the polariZation ?lm 20 and a 
polymer ?lm 21, Was compared With an embodiment, in 
Which a scattering ?lm 22 Was provided on a polariZation 
?lm 20. As a result, in the present embodiment, an image 
blur, based on parallax caused by the change of the observers 
visual angle and that of the incident direction of outside light 
Was reduced. That is, the parallax based on the panel 
parallax can be reduced by providing a scattering ?lm 22 
closer to the liquid crystal cell. 

[0124] In the present embodiment, a liquid crystal cell 
With homogeneous alignment ?eld effect birefringence 
mode Was used. HoWever, it is not limited thereto. Any 
re?ective liquid crystal cell comprising one polariZation ?lm 
that can express a display can obtain the same effect as that 
obtained in the present embodiment. 

[0125] Further, in the present embodiment, a metallic 
re?ective re?ector electrode 28 comprising aluminum Was 
used. HoWever, it is not limited thereto. Any specular 
re?ective metallic re?ector electrode comprising silver can 
obtain the same effect as that Was obtained in the present 
embodiment. 

[0126] Further, in the present embodiment, one scattering 
?lm 22 Was used. HoWever, it is not limited thereto. A 
scattering ?lm layer comprising a plurality of scattering 
?lms can be used. 
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[0127] Further, in the present embodiment, a polymer ?lm 
21 Was provided betWeen a liquid crystal cell and a scatter 
ing ?lm 22. HoWever, it is not limited thereto. A polymer 
?lm 21 is not alWays provided betWeen a liquid crystal cell 
and a scattering ?lm 22. Furthermore, a polymer ?lm layer 
comprising a plurality of polymer ?lms can be used. 

[0128] Further, in the present embodiment, polycarbonate 
Was used as a polymer ?lm 21. HoWever, it is not limited 
thereto. The same effect can be obtained by using, for 
example, polyalylate or polysulfane. 

[0129] (A third embodiment) 
[0130] FIG. 3 is a sectional vieW shoWing a re?ective 
liquid crystal display device of a third embodiment of the 
present invention. As shoWn in FIG. 3, a transparent elec 
trode 36 is provided via a color ?lter layer 34 on a trans 
parent substrate 33, Which is positioned at the upper side of 
the display device. A metallic re?ective electrode 38 is 
provided on a substrate 39 positioned at the loWer side of the 
device. An alignment layer 35a is provided on the transpar 
ent electrode 36, and an alignment layer 35b is provided on 
the metallic re?ective electrode 38 respectively. The trans 
parent substrate 33 positioned at the upper side and the 
substrate 39 positioned at the loWer side are arranged 
parallel to each other With the alignment layers 35a and 35b 
facing each other. A liquid crystal layer 37 is provided 
betWeen the alignment layers 35a and 35b. Ascattering ?lm 
32 is provided on a surface of the transparent substrate 33 
positioned at the upper side, opposite to the surface Where 
the transparent electrode 36 is provided. Polymer ?lms 31b, 
31a are provided in that sequential order on the scattering 
?lm 32 and a polariZation ?lm 30 is provided on the polymer 
?lm 31a. 

[0131] FIG. 4 is a vieW illustrating the optical properties 
of a re?ective liquid crystal display device in the third 
embodiment of the present invention. In FIG. 4, 40 indicates 
a base line, 41 indicates the alignment direction of the liquid 
crystal molecule on the substrate 39 positioned at the loWer 
side, 42 indicates the alignment direction of the liquid 
crystal molecule on the transparent substrate 33 positioned 
at the upper side, 43 indicates the retardation axis direction 
of polymer ?lm 31b at the side of the liquid crystal layer 37, 
44 indicates the retardation axis direction of polymer ?lm 
31a at the side of the polariZation ?lm 30 and 45 indicates 
the adsorption axis direction of the polariZation ?lm 30 
respectively. 
[0132] (I)LCO indicates the angle betWeen the alignment 
direction 41 of the liquid crystal molecule on the substrate 
39 positioned at the loWer side and the base line 40 When the 
tWist direction of the liquid crystal is positive. (I)LC indicates 
the angle betWeen the alignment direction 42 of the liquid 
crystal molecule on the transparent substrate 33 positioned 
at the upper side and the base line 40 When the tWist 
direction of the liquid crystal is positive. (I)F1 indicates the 
angle betWeen the retardation axis direction 43 of the 
polymer ?lm 31b and the base line 40 When the tWist 
direction of the liquid crystal is positive. (I)F2 indicates the 
angle betWeen the retardation axis direction 44 of the 
polymer ?lm 31a and the base line 40 When the tWist 
direction of the liquid crystal is positive. (DP indicates the 
angle betWeen the adsorption axis direction 45 of the polar 
iZation ?lm 30 and the base line 40 When the tWist direction 
of the liquid crystal is positive. QLC indicates the tWist 
direction and tWist angle of the liquid crystal. 






























