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(57) ABSTRACT 

A main object of the invention is to provide a phase 
difference layer laminated body Which has a very high 
freedom in orienting molecules of its phase difference layer, 
and Which is manufactured With ease. 

To achieve the above object, the invention provides a phase 
difference layer laminated body including a base material 
having orientability, and a phase difference layer made of a 
liquid crystal material that can form a nematic phase and 
formed in a pattern on the base material such as to have 
refractive index anisotropy. 

70 
53A" 

50 

65"" 

S2 



Patent Application Publication Sep. 30, 2004 Sheet 1 0f 8 US 2004/0189909 A1 

Fl g. 1 

2 

WWWWWJW/ 
/ 

_..... 

4 1 
3 

F|g.3 

2 2 2 2 2 

u/N 



Patent Application Publication Sep. 30, 2004 Sheet 2 0f 8 US 2004/0189909 A1 

Fig.4 



Patent Application Publication Sep. 30, 2004 Sheet 3 0f 8 

Fig.5 

(a) i 

(b) 

(c) 

'(d) 

US 2004/0189909 A1 



Patent Application Publication Sep. 30, 2004 Sheet 4 0f 8 US 2004/0189909 A1 

Fig.6 



Patent Application Publication Sep. 30, 2004 Sheet 5 0f 8 US 2004/0189909 A1 

Fig.8 

50 



70 

VII'II?IIA 

\\\\\\\\\\\\\\l 
UIIIIIJ 

65 
68 
60 
70 



Patent Application Publication Sep. 30, 2004 Sheet 7 0f 8 US 2004/0189909 A1 

Fig.1 0 



Patent Application Publication Sep. 30, 2004 Sheet 8 0f 8 US 2004/0189909 A1 

Fig.11 



US 2004/0189909 A1 

PHASE DIFFERENCE LAYER LAMINATE AND 
METHOD FOR PRODUCTION THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to a phase difference 
layer laminated body Which offers high orientation freedom 
and alloWs easy patterning, a manufacturing method thereof, 
and a liquid crystal display device. 

BACKGROUND ART 

[0002] Phase difference ?lm used for liquid crystal dis 
plays and the like is conventionally made of a polymer ?lm 
Which is stretched in certain directions to orient the main 
chains of the polymer in these directions so that the polymer 
?lm exhibits refractive index anisotropy. 

[0003] According to this method, the polymer ?lm can be 
provided With refractive index anisotropy With relative ease; 
the method Was excellent in that it enabled easy formation 
of phase difference ?lms. 

[0004] HoWever, this method only alloWs fabrication of 
phase difference ?lms in Which the main chains of polymer 
are oriented in the directions of stretch, and therefore the 
problem Was that the orientation of resultant phase differ 
ence ?lms Was limited only to directions parallel to the 
surface of the phase difference ?lm. 

[0005] MeanWhile, phase difference ?lms having vertical 
polymer orientation relative to the surface, or various other 
orientation directions, are noW in demand; the problem With 
the above method for obtaining phase difference ?lms by 
stretching polymer ?lms is that it cannot meet such demand 
because of its little freedom in setting orientation direction. 

[0006] In a multi-domain type liquid crystal display ele 
ment, for example, in Which each unit cell is divided into a 
plurality of regions With different directions of liquid crystal 
directors, optical compensation With the conventional phase 
difference ?lm Was, While favorable in some regions, not 
necessarily satisfactory in other regions. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention has been devised in vieW of 
the above problems, and a main object thereof is to provide 
a phase difference layer laminated body Which has very high 
freedom of molecular orientation in its phase difference 
layer and Which can be manufactured With ease, a manu 
facturing method thereof, and a liquid crystal display device. 

[0008] To achieve the above object, the present invention 
provides, as set forth in claim 1, a phase difference layer 
laminated body including a base material having orientabil 
ity, and a phase difference layer made of a liquid crystal 
material that can form a nematic phase and formed in a 
pattern on the base material such as to have refractive index 
anisotropy. According to the invention, since a liquid crystal 
material that can form a nematic phase is used for the phase 
difference layer, by suitably selecting the type of liquid 
crystal material and the base material having orientability, it 
is possible to determine orientation directions With ease, and 
therefore the phase difference layer laminated body thus 
obtained can be applied to various optical elements. 

[0009] In the above invention according to claim 1, it is 
preferable that the above liquid crystal material that can 
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form a nematic phase is obtained by polymeriZation of at 
least one of a polymeriZable liquid crystal monomer, a 
polymeriZable liquid crystal oligomer, and a polymeriZable 
liquid crystal polymer, as set forth in claim 2. The use of 
such a polymeriZable liquid crystal material alloWs easy 
patterning of the phase difference layer and enables highly 
precise patterning, Which is achieved, in a curing step, by 
irradiating the material With an activating radiation beam for 
polymeriZing the polymeriZable liquid crystal material in a 
certain pattern, folloWed by development. 

[0010] In the above invention according to claim 1, it is 
particularly preferable that the above liquid crystal material 
that can form a nematic phase is obtained by polymeriZation 
of a polymeriZable liquid crystal monomer, as set forth in 
claim 3. This is because polymeriZable liquid crystal mono 
mer can be handled most easily among the polymeriZable 
liquid crystal materials noted above, and therefore it alloWs 
relatively easy fabrication of the phase difference layer 
laminated body. 

[0011] In the above invention according to any one of 
claims 1 to 3, the above base material having orientability 
may be obtained by forming an oriented ?lm on a transpar 
ent substrate, as set forth in claim 4. This is because the 
con?guration in Which a separate oriented ?lm is provided 
increases the freedom of orientation direction to a very high 
degree. 
[0012] In this case, as set forth in claim 5, the above 
oriented ?lm may be formed in a pattern With portions that 
are oriented in at least tWo different directions, the liquid 
crystal material on the oriented ?lm having refractive index 
anisotropy conforming to the plurality of orientation direc 
tions of this oriented ?lm. 

[0013] With this construction, a pattern of phase difference 
portions respectively oriented in different directions can be 
formed in the same phase difference layer, and therefore it 
Will ?nd various optical applications. 

[0014] Also, in the above invention according to any one 
of claims 1 to 3, the above base material having orientability 
may be a stretched ?lm, as set forth in claim 6. The use of 
a stretched ?lm for the base material having orientability 
facilitates the formation of the base material, offering the 
merit of simplicity of the processing step. 

[0015] Furthermore, the present invention provides, as set 
forth in claim 7, a method for manufacturing a phase 
difference layer laminated body, the method including: 

[0016] a base material preparation step of preparing a 
base material; 

[0017] an application step of applying a refractive 
index anisotropic material having an ability of pro 
viding refractive index anisotropy on the base mate 
rial for forming a refractive index anisotropic mate 
rial layer; 

[0018] an orientation processing step of performing 
orientation processing to the refractive index aniso 
tropic material layer; 

[0019] an orientation ?xing step of ?xing the orien 
tation of said refractive index anisotropic material 
layer that has undergone the orientation processing 
in the orientation processing step; and 
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[0020] a patterning step of giving a pattern to the 
refractive index anisotropic material layer. 

[0021] According to the invention, by suitably selecting 
the refractive index anisotropic material and orientation 
processing method, it is possible to determine the orientation 
directions of the refractive index anisotropic material With 
relative ease, Whereby the freedom in design of the resultant 
phase difference layer laminated body can be much 
improved. 

[0022] In the above invention according to claim 7, it is 
preferable that the base material is a base material having 
orientability, the refractive index anisotropic material is a 
liquid crystal material that can form a nematic phase, and the 
orientation processing step is a step of maintaining the 
refractive index anisotropic material layer in a temperature 
at Which the liquid crystal material transforms into a liquid 
crystal phase, as set forth in claim 8. In this case, in the 
orientation processing step, the orientation processing can 
be achieved With ease simply by maintaining the liquid 
crystal material on the base material having orientability in 
a temperature at Which the liquid crystal material transforms 
into a liquid crystal phase, and by suitably selecting the base 
material having orientability and liquid crystal material, a 
phase difference layer laminated body having a very high 
freedom of orientation direction can be obtained. 

[0023] In the above invention according to claim 8, it is 
preferable that the above liquid crystal material is a material 
having at least one of a polymeriZable liquid crystal mono 
mer, a polymeriZable liquid crystal oligomer, and a poly 
meriZable liquid crystal polymer, and that the above orien 
tation ?xing step is a step of irradiating, With an activating 
radiation beam, the material having at least one of the 
polymeriZable liquid crystal monomer, the polymeriZable 
liquid crystal oligomer, and the polymeriZable liquid crystal 
polymer for polymeriZation thereof, as set forth in claim 9. 
The use of the polymeriZable liquid crystal material as a 
liquid crystal material has the merit that it enables highly 
precise patterning of the phase difference layer, Which is 
achieved by irradiating the material With an activating 
radiation beam in a pattern in the orientation ?xing step, 
folloWed by a development step. 

[0024] In the above invention according to claim 8, it is 
preferable that the above liquid crystal material is a poly 
meriZable liquid crystal monomer, as set forth in claim 10. 
This is because the polymeriZable liquid crystal monomer is 
most favorable in terms of handling among other polymer 
iZable liquid crystal materials. 

[0025] In the above invention according to claim 9 or 10, 
the above activating radiation beam irradiation step may be 
a step of irradiating the material With the activating radiation 
beam in a pattern, and the method may further include a 
development step of developing unpolymeriZed portions of 
the liquid crystal material, after the above step of irradiating 
the material With the activating radiation beam in the pattern, 
as set forth in claim 11. With this arrangement, highly 
precise patterning of the phase difference layer can readily 
be performed. 

[0026] In the above invention according to any of claims 
8 to 11, it is preferable that the above base material having 
orientability is obtained by forming an oriented ?lm on a 
transparent substrate, as set forth in claim 12. With such a 
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structure in Which a separate oriented ?lm is provided, the 
liquid crystal material can be oriented in various different 
directions by suitably selecting the type of oriented ?lm, 
Whereby the freedom in design of the phase difference layer 
laminated body can be much improved. 

[0027] In the above invention according to claim 12, it is 
preferable that the above oriented ?lm is formed in a pattern 
With portions that are oriented in at least tWo different 
directions, the liquid crystal material on the oriented ?lm 
having refractive index anisotropy conforming to the plu 
rality of orientation directions of the oriented ?lm, as set 
forth in claim 13. With an oriented ?lm having a pattern of 
portions that are oriented in tWo different directions, the 
single phase difference layer can have portions therein that 
are oriented in different directions. The merit is therefore the 
phase difference layer laminated body thus obtained can be 
used to various optical applications. 

[0028] In the above invention according to any of claims 
8 to 11, the above base material having orientability may be 
a stretched ?lm, as set forth in claim 14. In this case, an 
oriented ?lm need not be formed on the base material, and 
a base material having orientability can readily be processed 
in the production step, and also the cost of the resultant 
phase difference layer laminated body can be loWered. 

[0029] The present invention further provides, as set forth 
in claim 15, a liquid crystal display device that uses the 
phase difference layer laminated body according to any of 
claims 1 to 6. The liquid crystal display device of the 
invention Will be of high quality because of the use of the 
above phase difference layer laminated body. 

[0030] Furthermore, the present invention provides, as set 
forth in claim 16, a liquid crystal display device comprising: 
a liquid crystal display element including a liquid crystal 
layer and comprising a plurality of unit cells that constitute 
a multiplicity of pixels, liquid crystal molecules on a surface 
of the liquid crystal layer being orientable in directions of a 
plurality of different directors Within each of the unit cells; 
and a phase difference optical element arranged at least on 
one side in a thickness direction of the liquid crystal display 
element, the phase difference optical element being divided 
into a plurality of oriented compensation regions in accor 
dance With the directions of the directors for the liquid 
crystal molecules in the each unit cell, liquid crystal sub 
stance being oriented and ?xed in each of the oriented 
compensation regions. Because the molecules are oriented 
in the directions of a plurality of directors in the liquid 
crystal layer and the molecules in the phase difference layer 
(molecules of ?xed liquid crystal) are oriented along these 
directions of the directors and ?xed, this liquid crystal 
display device is capable of precise optical compensation, 
improves the problem of visual dependency, and realiZes 
high quality image display. 

[0031] In the invention according to claim 16, the each 
unit cell of the liquid crystal display element may be divided 
into a plurality of oriented display regions, the liquid crystal 
molecules on the surface of the liquid crystal layer being 
oriented in different directions of directors for each of the 
oriented display regions, and the oriented compensation 
regions of the phase difference optical element may be 
formed corresponding to the oriented display regions, as set 
forth in claim 17. By thus forming the oriented compensa 
tion regions of the phase difference optical element in 
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accordance With the oriented display regions of the liquid 
crystal display element, favorable optical compensation can 
readily be realiZed. 

[0032] In the invention according to claim 17, a plurality 
of the oriented compensation region may be formed in the 
phase difference optical element relative to one oriented 
display region of the unit cell, as set forth in claim 18. 
Thereby, even more precise optical compensation can be 
achieved. 

[0033] In the invention according to claim 17 or 18, the 
oriented display regions of the liquid crystal display element 
may be formed in such a manner as to divide each unit cell 
into four or more sections With an equal angular spacing 
around a center of said each unit cell, as set forth in claim 
19. 

[0034] In the invention according to claim 16, the liquid 
crystal molecules on the surface of the liquid crystal layer of 
the liquid crystal display element may be oriented With the 
directors in symmetric directions relative to respective cen 
ters of the unit cells, as set forth in claim 20. 

[0035] In the invention according to claim 19 or 20, the 
oriented compensation regions of the phase difference opti 
cal element may be formed in such a manner as to divide 
each unit cell into four or more sections With an equal 
angular spacing around a center of the each unit cell, as set 
forth in claim 21. 

[0036] With the construction according to claims 19 to 21, 
the problem of vieWing-angle dependency in various vieW 
ing directions is improved. If liquid crystal molecules in the 
liquid crystal display element are oriented in four directions, 
for example, With the molecules in the phase difference layer 
being respectively oriented in a favorable manner for each 
orientation direction, the vieWing-angle dependency is loW 
ered and high display quality is achieved. 

[0037] In the invention according to claim 21, a pair of 
180° opposite oriented compensation regions relative to the 
center of the each unit cell of the phase difference optical 
element may be oriented in the same direction, as set forth 
in claim 22. Thereby, While achieving favorable optical 
compensation, the fabrication of the phase difference optical 
element is made simpler. 

[0038] In the invention according to any of claims 16 to 
22, the liquid crystal display element may be driven by a 
method of any of TN (TWisted Nematic) type, STN (Super 
TWisted Nematic) type, VA (Vertically Alignment) type, 
MVA (Multi-domain Vertically Alignment) type, PVA (Pat 
terned Vertically Alignment) type, IPS (In-plane SWitching) 
type, OCB (Optically Compensated Birefringence) type, and 
ECB (Electrically Controlled Birefringence) type, as set 
forth in claim 23. A liquid crystal display device of one of 
these types that adopts the construction according to any of 
claims 16 to 22 Will be of high quality and can be realiZed 
With relative ease and certainty. 

[0039] In the invention according to any of claims 16 to 
23, the phase difference layer laminated body according to 
any of claims 1 to 6 may be used for the above phase 
difference optical element, as set forth in claim 24. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a schematic cross-sectional vieW shoWing 
one example of a phase difference layer laminated body of 
the invention; 
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[0041] FIG. 2 is a schematic cross-sectional vieW shoWing 
another eXample of a phase difference layer laminated body 
of the invention; 

[0042] FIG. 3 is a schematic cross-sectional vieW shoWing 
yet another eXample of a phase difference layer laminated 
body of the invention; 

[0043] FIG. 4 is a schematic plan vieW of an oriented ?lm 
With patterned orientation directions; 

[0044] FIG. 5 is a diagram shoWing process steps of one 
eXample of a method for manufacturing a phase difference 
layer laminated body of the invention; 

[0045] FIG. 6 is a schematic cross-sectional vieW shoWing 
one eXample of an optical element using a phase difference 
layer laminated body of the invention; 

[0046] FIG. 7 is a schematic cross-sectional vieW shoWing 
another eXample of an optical element using a phase differ 
ence layer laminated body of the invention; 

[0047] FIG. 8 is an exploded perspective vieW shoWing 
the schematic construction of a liquid crystal display device 
according to one embodiment of the invention; 

[0048] FIG. 9 is an enlarged side cross-sectional vieW 
shoWing the essential construction of the liquid crystal 
display device; 

[0049] FIG. 10 is a perspective vieW shoWing oriented 
compensation regions in the liquid crystal display device; 
and 

[0050] FIG. 11 is a perspective vieW shoWing oriented 
display regions and oriented compensation regions in the 
liquid crystal display device. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0051] The phase difference layer laminated body, and the 
manufacturing method thereof, according to the invention, 
Will be hereinafter described respectively. 

[0052] A. Phase Difference Layer Laminated Body 

[0053] The phase difference layer laminated body of the 
invention is characteriZed by having a base material having 
orientability, and a phase difference layer made of a liquid 
crystal material that can form a nematic phase and formed on 
the base material such as to have refractive indeX anisotropy. 

[0054] With such a construction of the phase difference 
layer laminated body of the invention, if the orientability of 
the base material is such that it can orient liquid crystal at a 
preset angle relative to the phase difference layer surface, 
and a phase difference layer laminated body is formed With 
the use of liquid crystal material that is orientable in such a 
manner, a phase difference layer oriented at a preset angle to 
the surface can readily be provided. Aphase difference layer 
laminated body having such a phase difference layer Will 
?nd neW applications in addition to the conventional ones. 

[0055] This phase difference layer laminated body Will 
further be described beloW With reference to the draWings. 
FIG. 1 shoWs one eXample of a phase difference layer 
laminated body of the invention, in a state in Which a phase 
difference layer 2 of liquid crystal material that can form a 
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nematic phase is formed on a base material 1 having surface 
orientability such that the liquid crystal has refractive index 
anisotropy. 
[0056] The invention includes another construction such 
as the one shoWn in FIG. 2 Wherein the base material 1 
having the above orientability is constituted by a transparent 
substrate 3 and an oriented ?lm 4 formed thereon. The use 
of such an oriented ?lm 4 Will make the orientation freedom 
of the phase difference layer 2 extremely high as Will be 
described later, Which in turn enhances the orientation 
freedom of the phase difference layer laminated body to a 
very high degree. 

[0057] Also, in the present invention, the phase difference 
layer formed on the orientated ?lm 4 may have a certain 
pattern as shoWn in FIG. 3. A three-dimensional display 
device or the like, for example, Which enables display of 
three-dimensional images by differing the polariZation for 
the left and right eyes, requires a phase difference layer 
laminated body having a patterned phase difference layer; 
the phase difference layer laminated body shoWn in FIG. 3 
can be used in such a three-dimensional display device or the 
like. 

[0058] Various elements of the phase difference layer 
laminated body of the invention are described beloW in more 
detail. 

[0059] 1. Phase Difference Layer 

[0060] The phase difference layer laminated body of the 
invention is characteriZed in that a phase difference layer 2 
of a liquid crystal material that can form a nematic phase is 
formed on a base material 1 having orientability such that 
the liquid crystal has refractive index anisotropy, as shoWn 
in FIG. 1. 

[0061] (Liquid Crystal Material) 
[0062] For the material forming the phase difference layer, 
a liquid crystal material is used as noted above. The term 
“liquid crystal material” in this invention refers to a material 
that can transform into a liquid crystal phase at a certain 
temperature; more particularly, this invention is character 
iZed in that this liquid crystal phase of the material is a 
nematic phase. 

[0063] In the present invention, as Will be described in 
more detail later under the section of “manufacturing 
method of a phase difference layer laminated body,” a liquid 
crystal material is transformed into a liquid crystal phase 
upon a base material having orientability, Whereby the liquid 
crystal molecules in the phase difference layer are oriented 
to exhibit refractive index anisotropy. Therefore, the upper 
limit of the above-mentioned temperature should not be 
limited to a speci?c value and may be set such that no 
damage is in?icted on the base material, or, in the case of an 
oriented ?lm formed on a transparent substrate as Will be 
described later, on the transparent substrate and oriented 
?lm. More speci?cally, a liquid crystal material that trans 
forms into a liquid crystal phase at a temperature of 120° C. 
or loWer, more preferably 100° C. or loWer, can favorably be 
used in respect of easy control of processing temperature 
and maintenance of dimensional precision. 

[0064] The loWer limit, on the other hand, of the tempera 
ture at Which the liquid crystal phase forms, should be set so 
that the liquid crystal material can maintain its orientation, 
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subject to the temperature range for the application as a 
phase difference layer laminated body. 

[0065] Here, a liquid crystal material in an application as 
a phase difference layer laminated body can take tWo dif 
ferent states: In this invention, both a non-polymeriZable 
polymer liquid crystal material and a polymeriZable liquid 
crystal material can be used as Will be described later. In the 
case of a polymeriZable liquid crystal material, When form 
ing the phase difference layer, as Will be described in more 
detail under the section of “manufacturing method of phase 
difference layer laminated body,” polymeriZation is 
achieved by irradiating the material With the activating 
radiation beam. In this case, therefore, the liquid crystal 
material used in the phase difference layer laminated body 
has already been polymeriZed, its orientation being ?xed. 
Namely, in the case of the polymeriZable liquid crystal 
material, there is no limitation on the loWer limit of the 
temperature at Which the material transforms into a liquid 
crystal phase. 

[0066] On the other hand, in the case of the non-polymer 
iZable polymer liquid crystal material, the liquid crystal 
phase is in the glass state When used as the phase difference 
layer laminated body. That is, if it transforms into an 
isotropic state due to a rise in temperature during storage or 
use, its orientation Will be in disorder and the phase differ 
ence layer can no longer be put in use. Thus, in the case of 
using a non-polymeriZable polymer liquid crystal material in 
the invention, it is preferred that the material transform into 
an isotropic phase at temperatures equal to or more than a 
preset value. The loWer limit of the temperature at Which the 
material transforms into an isotropic phase in this case 
depends on the purposes of use, but generally speaking, it is 
at least 80° C., or more preferably, 100° C. or more. 

[0067] The liquid crystal material that can form a nematic 
phase used in this invention can either be a polymeriZable 
liquid crystal material and non-polymeriZable polymer liq 
uid crystal material as noted above. 

[0068] For the polymeriZable liquid crystal material, any 
of polymeriZable liquid crystal monomer, polymeriZable 
liquid crystal oligomer, and polymeriZable liquid crystal 
polymer may be used. For the non-polymeriZable polymer 
liquid crystal material, on the other hand, because of the 
above-mentioned requirement for the maintenance of orien 
tation under various temperatures during storage or use of 
the phase difference layer laminated body, a liquid crystal 
material having a relatively high isotropic transition tem 
perature should preferably be used. 

[0069] In this invention, particularly, a polymeriZable liq 
uid crystal material is most preferably used. This is because 
the use of polymeriZable liquid crystal material, Whose 
orientation can be ?xed by polymeriZation that is achieved 
by irradiating the material With the activating radiation beam 
as Will be described later, enables easy orientation of the 
liquid crystal at loW temperatures, and also because it can be 
used Without temperature limitations or other restrictions 
due to the ?xed orientation When put in use. 

[0070] More particularly, a polymeriZable liquid crystal 
monomer is preferably used in this invention. This is 
because a polymeriZable liquid crystal monomer lets itself to 
be oriented at a loWer temperature than other polymeriZable 
liquid crystal materials such as polymeriZable liquid crystal 
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oligomers or polymers; it also has high orientation sensitiv- below or a mixture of tWo or more of the following com 
ity, allOWing the OrientatiOn I0 be readily achieved pounds may be used. In the case of liquid crystal monomers 

[0071] AS one example of the polymerizable liquid Crystal expressed by the general chemical formula 1, X is preferably 
material, the compounds included in the general formula 1 an lnteger of 2 to 5 

[Chemical formula 1] 

0 

CH2: cncoz(cnz)so@ coo 
oco 

CH2: CHCO2(CH2)4O coo CN 

(g 2 y 
[Chemical formula 2] 

i> 
[Chemical formula 3] 

[Chemical formula 4] 

[Chemical formula 5] 

[Chemical formula 6] 

[Chemical formula 7] 

[Chemical formula 8] 

5% 
[Chemical formula 9] 

CH2: CHCO2(CH2)5O coo OCN3 i> 
[Chemical formula 10] 

CH3 

il K? 
[Chemical formula 11] 

CH2: CHCO2(CH2)4O coo 51 Q5 
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[0072] In addition, polymeriZable liquid crystal oligomers 
or polymers can also be used in this invention. Any one of 
knoWn polymeriZable liquid crystal oligomers or polymers 
may suitably be selected and used. 

[0073] Furthermore, photopolymeriZation initiators may 
be used as required in this invention. PhotopolymeriZation 
initiator may not alWays be necessary as With the case With, 
for example,.polymeriZation of polymeriZable liquid crystal 
material by irradiation of electron beams, but it is normally 
used for the promotion of polymerization in the commonly 
used method of curing by irradiation of, e.g., ultraviolet rays. 

[0074] Also, a sensitizing agent may be added in addition 
to the photopolymeriZation initiator, in an amount that does 
not inhibit achievement of the object of the invention. 

[0075] PhotopolymeriZation initiator is generally added in 
a range of 0.01 to 20% by Weight; preferably, it is added in 
a range of 0.1 to 10% by Weight, and more preferably 0.5 to 
5% by Weight, to the polymeriZable liquid crystal material of 
the invention. 

[0076] On the other hand, non-polymeriZable liquid crys 
tal materials can also be used in this invention, as noted 
above. Any such liquid crystal material can be used as long 
as it satis?es the requirement that the orientation of liquid 
crystal does not change during the use or storage thereof as 
a phase difference layer laminated body as described above; 
generally, hoWever, polymer material is preferable in terms 
of the temperatures at Which the polymer material trans 
forms into a liquid phase or a liquid crystal phase. Any 
commonly used liquid crystal material that can form a 
nematic phase in a liquid crystal phase can be used, includ 
ing both main-chain and side-chain liquid crystal polymers. 

[0077] More speci?cally, typical examples of main-chain 
liquid crystal polymers are polymers such as polyesters, 
polyamides, polycarbonates, and polyesterimides. 

[0078] Further, examples of side-chain liquid crystal poly 
mers are those that have a backbone structure such as 

polyacrylate, polymethacrylate, polysiloxane, and polyma 
lonate and a loW molecular Weight liquid crystal compound 
(mesogen group) comprising a para-substituted cyclic com 
pound or the like as a side chain, With or Without a spacer 
comprising conjugated atoms. 

[0079] (Refractive Index Anisotropy) 
[0080] In this invention, the above-mentioned material 
must be formed into a phase difference layer having refrac 
tive index anisotropy. Refractive index anisotropy differs 
depending on the liquid crystal material being used and the 
orientability of the base material surface, but the folloWing 
can generally be said: The difference An, expressed as 
An=|nx—ny|, betWeen the indexes of refraction nX and ny in an 
X axis and Y axis on a plane parallel to the orientation of the 
polymer, the X-axis being orthogonal and Y-axis being 
parallel to the orientation direction, should preferably be 
0.05 or more, or more preferably 0.1 or more. A phase 
difference layer having less refractive index anisotropy than 
that may present a problem in regard to thickness or the like 
in actual applications. 

[0081] (Patterned Phase Difference Layer) 
[0082] In this invention, the phase difference layer formed 
of the above-mentioned liquid crystal material may have a 
certain pattern. 
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[0083] A phase difference layer laminated body having a 
patterned phase difference layer is preferably used in, for 
example, a three-dimensional liquid crystal display device 
or the like, Wherein unit cells are divided into groups for left 
and right eyes, Which are given different degrees of polar 
iZation, thereby creating a three-dimensional image. Such a 
patterned phase difference layer laminated body Was con 
ventionally made by manual cutting and bonding of phase 
difference layer ?lms comprising common stretched ?lms. 
Such technique Was problematic in terms of cost and had 
limitations on the formation of highly precise patterns. 

[0084] The present invention overcomes this problem and 
provides a phase difference layer laminated body in Which a 
phase difference layer is formed on the base material in a 
highly precise pattern. 

[0085] In this invention, the pattern formation method 
differs depending on the type of liquid crystal material. That 
is, the pattern formation method for a polymeriZable liquid 
crystal material is different from that for a normal liquid 
crystal material. 

[0086] The pattern formation method Will be described 
later in more detail under the section “manufacturing 
method of a phase difference layer laminated body;” in 
short, in the case of the polymeriZable liquid crystal mate 
rial, the irradiation of activating radiation beam for the ?xing 
of the orientation of liquid crystal material is made in a 
certain pattern, and after the polymeriZation, uncured por 
tions of liquid crystal material are removed by a solvent; 
patterning of the phase difference layer is thus readily 
achieved. 

[0087] In this invention, amongst the polymeriZable liquid 
crystal materials mentioned above, a polymeriZable liquid 
crystal monomer is preferably used because of the ease of 
the patterning. With a polymeriZable liquid crystal mono 
mer, development is easy, the pattern is more clear-cut, and 
formation of more precise pattern is possible. 

[0088] On the other hand, a photolithography technique 
using a photoresist, or a method of applying a normal liquid 
crystal material in a certain pattern by a noZZle discharge or 
printing technique may be adopted for the pattern formation 
method in the case of using a non-polymeriZable polymer 
liquid crystal material. 

[0089] In the case of forming the phase difference layer 
laminated body in a pattern, the pattern may be any pattern, 
for example, striped or ZigZagged. 

[0090] 2. Base Material having Orientability 

[0091] The phase difference layer laminated body of the 
invention is comprised of a base material 1 having orient 
ability, on Which is formed the above-described phase dif 
ference layer 2, as shoWn in FIG. 1. 

[0092] For the base material having orientability, there are 
tWo cases: One is that the base material 1 itself has orient 
ability, as shoWn in FIG. 1, and the other is that an oriented 
?lm 4 is formed on a transparent substrate 3 as shoWn in 
FIG. 2 so that they together function as a base material 1 
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having orientability. The followings are descriptions of these 
cases as the ?rst and second embodiments. 

a. FIRST EMBODIMENT 

[0093] In this embodiment, the base material itself has 
orientability; speci?cally, the base material is a stretched 
?lm. With a stretched ?lm, the liquid crystal material can be 
oriented along a stretched direction of the ?lm. Therefore, 
the processing of the base material is accomplished simply 
by preparation of a stretched ?lm, Which is a merit that the 
processing step is made very simple. For the stretched ?lm, 
any commercially available stretched ?lm can be used, or a 
stretched ?lm can be made, according to needs, of various 
materials. 

[0094] More speci?cally, examples of the ?lm include 
?lms made of thermoplastic polymers, such as polycarbon 
ate polymers, polyester polymers such as polyarylate or 
polyethylene terephthalate, polyimide polymers, polysul 
fone polymers, polyethersulfon polymers, polystyrene poly 
mers, polyole?n polymers such as polyethylene or polypro 
pylene, polyvinyl alcohol polymers, cellulose acetate 
polymers, polyvinyl chloride polymers, and polymethyl 
methacrylate polymers, and ?lms made of liquid crystal 
polymers. 

[0095] In this invention, particularly, polyethylene tereph 
thalate (PET) ?lm is preferably used, because it has a Wide 
range of stretch ratio and is readily available. 

[0096] The stretch ratio of the stretched ?lm used in this 
invention is not limited to a particular value, as long as the 
?lm exhibits orientability. Thus, even a biaxially stretched 
?lm can be used, if the stretch ratio differs betWeen the tWo 
axes. 

[0097] The stretch ratio differs largely depending on the 
material used, and there are no particular limits to the stretch 
ratio. Generally, materials having a 150 to 300% stretch ratio 
can be used; a preferable range is 200 to 250%. 

b. SECOND EMBODIMENT 

[0098] In the second embodiment, the base material hav 
ing the above orientability comprises a transparent substrate 
and an oriented ?lm formed thereon. 

[0099] With this embodiment, there is a merit that selec 
tion of the orientated ?lm enables selection of orientation in 
a relatively Wider range of directions. Selecting the type of 
liquid applied on the transparent substrate for forming the 
oriented ?lm alloWs orientation in various directions and 
enables even more effective orientation. 

[0100] An oriented ?lm commonly used for a liquid 
crystal display device or the like can favorably be used for 
the oriented ?lm of this embodiment; generally, an oriented 
?lm of polyimide that has undergone rubbing treatment is 
favorably used. 

[0101] For the transparent substrate used in this embodi 
ment, any transparent material can be used, e.g., a transpar 
ent and rigid material having no ?exibility such as silica 
glass, Pyrex (registered trademark) glass, and synthetic 
silica glass, or a transparent and ?exible material such as a 
transparent resin ?lm, and optical resin sheet or the like. 
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[0102] (Patterning of Orientation on the Oriented Film 
Surface) 
[0103] In this embodiment, the above oriented ?lm may 
have a certain pattern on the surface thereof. That is, the 
oriented ?lm may have a pattern With different directions of 
orientation, including portions oriented in, at least tWo, 
different directions. 

[0104] FIG. 4 is a model vieW shoWing an oriented ?lm 4 
formed With a pattern of different directions of orientation. 
ArroWs 5 in the draWing indicate the directions of orienta 
tion. FIG. 4 shoWs one example in Which the oriented ?lm 
has a checked pattern, but various other patterns e.g., a 
striped pattern and the like, may be employed in accordance 
With the purposes of use in this invention. 

[0105] By thus forming a pattern on the oriented ?lm 
surface With different directions of orientation, the phase 
difference layer comprising a liquid crystal material having 
refractive index anisotropy provided thereon can have a 
pattern of refractive index anisotropy conforming to the 
pattern on the oriented ?lm surface. As a result, a phase 
difference layer laminated body having portions With dif 
ferent phase differences in a certain pattern can be obtained, 
Which can be used in various applications. 

[0106] Patterning on the oriented ?lm surface may be 
achieved by a rubbing technique using a mask, or in the case 
of using a ?lm oriented With the irradiation of light beams, 
by a mask exposure technique or the like. 

[0107] 3. Others 

[0108] In addition, the phase difference layer laminated 
body of the invention can be formed With other functional 
layers such as a protective layer or the like in accordance 
With the purposes for Which the optical element is to be used. 

[0109] If the phase difference layer laminated body of the 
invention is used as a N4 phase difference layer, it can be 
used as a circular polariZation plate by bonding a polariZa 
tion plate thereto With an adhesive layer interposed therebe 
tWeen. 

[0110] In this invention, also, as shoWn in FIG. 6 and FIG. 
7, tWo or more phase difference layers can be laminated. In 
this case, preferably, the second phase difference layer is 
formed after the formation of an oriented ?lm and rubbing 
treatment thereof on the ?rst phase difference layer. The 
oriented ?lm may be a photo-oriented ?lm instead. 

[0111] FIG. 6 shoWs an example in Which a N2 phase 
difference layer 13 is formed on a glass substrate 11 With an 
oriented ?lm 12 interposed therebetWeen, and a N4 phase 
difference layer 14 is further formed thereon With another 
oriented ?lm 12 interposed therebetWeen. On the other hand, 
FIG. 7 shoWs an example in Which a N4 phase difference 
layer 14 is formed on a glass substrate 11 With an oriented 
?lm interposed therebetWeen, and a N2 phase difference 
layer 13 is further formed thereon With another oriented ?lm 
12 interposed therebetWeen. 

[0112] By projecting a linearly polariZed beam to this 
phase difference layer laminated body from the side of the 
M2 phase difference layer 13 or a circularly polariZed beam 
from the side of the M4 phase difference layer 14, the phase 
difference layer laminated body can function as a broadband 
phase difference plate shoWn, for example, in Japanese 
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Patent Laid-Open Publication No. Hei 10-68816. Further 
more, by attaching a polarization plate on the opposite 
surface of the glass substrate 11 With an adhesive layer 15 
interposed therebetWeen as shoWn in FIG. 6, it can function 
as a broadband circular polariZation plate, With a non 
polariZed beam incident from the side of the polariZation 
plate. 
[0113] Note that, since the fast axes of the M2 phase 
difference layer 13 and M4 phase difference layer 14 need to 
be crossed approximately at 60° (60:10°), the tWo oriented 
?lms should be inclined to each other approximately at 60° 
(60:10°). This can be achieved by, for example, changing 
the direction of rubbing, or the like. 

[0114] B. Method for Manufacturing a Phase Difference 
Layer Laminated Body 

[0115] Amethod for manufacturing phase difference layer 
laminated body according to the invention is characteriZed 
by having: 

[0116] a base material preparation step of preparing a 
base material; 

[0117] an application step of applying a refractive 
index anisotropic material having an ability of pro 
viding refractive index anisotropy on the base mate 
rial for forming a refractive index anisotropic mate 
rial layer; 

[0118] an orientation processing step of performing 
orientation processing to the refractive index aniso 
tropic material layer; and 

[0119] an orientation ?xing step of ?xing the orien 
tation of the refractive index anisotropic material 
layer that has undergone the orientation processing 
in the orientation processing step. 

[0120] According to the method for manufacturing a phase 
difference layer laminated body of the invention, the orien 
tation direction can be determined relatively freely in the 
orientation processing step, thus offering an advantage that 
phase difference layers of various different directions of fast 
axis (or sloW axis) can be formed. 

[0121] FIG. 5 shoWs one example of the method for 
manufacturing phase difference layers according to the 
invention. In this example, a base material 1 is ?rst prepared, 
Which includes a transparent substrate 3 on Which is formed 
an oriented ?lm 4, as shoWn in FIG. 5(a) (base material 
preparation step). Next, a refractive index anisotropic mate 
rial layer 6 comprising a polymeriZable liquid crystal mate 
rial is formed on this base material 1 (application step). This 
is then let stand under a preset temperature for orienting the 
polymeriZable liquid crystal material along the direction of 
orientation of the oriented ?lm (orientation processing step). 
Next, With a photo mask 7 set thereon, an activating radia 
tion beam 8 such as ultraviolet light or the like is irradiated, 
so that energy-radiated portions of the polymeriZable liquid 
crystal material are cured in a certain pattern (as shoWn in 
FIG. 5(c), orientation ?xing step), and lastly, it is developed 
using a solvent for forming the phase difference layer 2 in 
the certain pattern; a phase difference layer laminated body 
having a phase difference layer 2 in a pattern on a base 
material 1 is thus obtained. 

[0122] The folloWing is a more detailed description of 
each step of the manufacturing method of the phase differ 
ence layer laminated body according to the invention. 
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[0123] 1. Base Material Preparation Step 

[0124] The ?rst step of the phase difference layer lami 
nated body manufacturing method of the invention is the 
base material preparation step of preparing a base material. 

[0125] In this invention, different types of base materials 
are used depending on the orienting method in the orienta 
tion processing step to be described later. That is, if the 
refractive index anisotropic material having an ability of 
providing refractive index anisotropy is a liquid crystal 
material and if the orienting method in the orientation 
processing step uses a base material having orientability, 
then it is necessary to prepare a base material having 
orientability. On the other hand, if another method is to be 
used for the orientation, then the base material need not have 
orientability. 

[0126] Base materials having orientability Will not be 
described here since they have already been described under 
the section “2. Base material having orientability” in “A. 
Phase difference layer laminated body” in the foregoing. 

[0127] On the other hand, substrates in the case Where no 
such orientability is required may suitably be selected in 
accordance With the purposes of use; since transparency is 
usually a requirement, a transparent and rigid material 
having no ?exibility such as silica glass, Pyrex (registered 
trademark) glass, and synthetic silica glass, or a transparent 
and ?exible material such as a transparent resin ?lm, and 
optical resin sheet, or the like may be used, for example. 

[0128] 2. Application Step 

[0129] The next step is the application step of applying a 
refractive index anisotropic material having an ability of 
providing refractive index anisotropy on the base material. 

[0130] (Refractive Index Anisotropic Material) 
[0131] The ?rst example of the refractive index anisotro 
pic material having an ability of providing refractive index 
anisotropy on the base material used in this invention is a 
liquid crystal material. The liquid crystal material is not 
described here since it has already been described under the 
section “1. Phase difference layer” in “A. Phase difference 
layer laminated body” in the foregoing. 

[0132] For forming a refractive index anisotropic material 
layer using a polymeriZable liquid crystal material, it is 
necessary to achieve polymeriZation using an activating 
radiation beam in the orientation ?xing step to be described 
later. Depending on the type of the activating radiation 
beam, a photopolymeriZation initiator may be used as 
required, for instance in the case of UV curing. Speci?c 
examples of such a photopolymeriZation initiator are Irg 
369, Irg 907, Irg 184 (trade name) and the like, manufac 
tured by Ciba Specialty Chemicals Corp. 

[0133] Refractive index anisotropic materials other than 
liquid crystal materials include materials that form layers 
and exhibit refractive index anisotropy When the molecules 
are more or less oriented in certain directions. Any materials 
that can usually be made to function as a phase difference 
layer by stretching may be used: Such materials include 
thermoplastic polymers such as polycarbonate polymers, 
polyester polymers such as polyarylate or polyethylene 
terephthalate, polyimide polymers, polysulfone polymers, 
polyethersulfon polymers, polystyrene polymers, polyole?n 
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polymers such as polyethylene or polypropylene, polyvinyl 
alcohol polymers, cellulose acetate polymers, polyvinyl 
chloride polymers, and polymethylmethacrylate polymers. 

[0134] In this invention, particularly, a refractive index 
anisotropic material that has relatively high polarity is 
preferable so that it can be oriented by applying a high 
electric or magnetic ?eld in the orientation processing step 
to be described later for performing orientation processing. 
A speci?c example is a side-chain modi?ed phonoxy resin 
into Which 4-nitrophenyl carbamate is introduced. 

[0135] (Application Method) 
[0136] In the application step, for example, the above 
material is dissolved in a solvent or the like to form an 
application liquid, Which is applied using various applica 
tion methods such as spin coating, casting, dipping, bar 
coating, blade coating, roll coating, spray coating, and the 
like. 

[0137] In the case of the application using a solvent, a 
drying step is necessary after the application for removing 
the solvent. 

[0138] On the other hand, a refractive index anisotropic 
material that melts and lique?es at a temperature at Which 
the material itself does not decompose or in?ict damage on 
the base material, can be applied in a heated state Without 
solvent. Same application methods as listed above can be 
used in this case, too. 

[0139] In this invention, the more preferable method for 
the ease of handling is the method of dissolving the above 
mentioned material in a solvent and applying the same. 
Because a polymeriZable liquid crystal material is favorably 
used in this invention as noted above, it is particularly 
preferable to use a solution of this material as the application 
liquid. 
[0140] Any solvents in Which the above polymeriZable 
liquid crystal material or the like can be dissolved, and 
Which do not inhibit the orientability of the base material, 
may be used for this purpose. 

[0141] Speci?c examples of solvents include hydrocar 
bons such as benZene, toluene, xylene, n-butylbenZene, 
diethylbenZene, and tetralin, ethers such as metoxybenZene, 
1,2-dimetoxybenZene, and diethylene glycol dimethylether, 
ketones such as acetone, methylethylketone, methylisobu 
tylketone, cyclohexanone, and 2,4-pentanedion, esters such 
as ethyl acetate, ethylene glycol monomethyl ether acetate, 
propylene glycol monomethyl ether acetate, propylene gly 
col monoethyl ether acetate, and y-butyrolactone, amide 
solvents such as 2-pyrrolidone, N-methyl-2-pyrrolidone, 
dimethyl formamide, and dimethylacetamide, halogenated 
solvents such as chloroform, dichloromethane, carbon tet 
rachloride, dichloroethane, tetrachloroethane, trichloroeth 
ylene, tetrachloroethylene, chlorobenZene, and ortho-dichlo 
robenZene, alcohols such as t-butylalcohol, diacetone 
alcohol, glycerin, monoacetin, ethylene glycol, triethylene 
glycol, hexylene glycol, ethylene glycol monomethyl ether, 
ethyl cellosolve, and butyl cellosolve the like, phenols such 
as phenol, and para-chlorophenol; these can be used either 
alone or in combination. 

[0142] The solubility of the polymeriZable liquid crystal 
material or the like may not be suf?cient, or the above 
substrate having orientability may be corroded With the use 
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of a single type of solvent. Such troubles can be avoided by 
using a mixture of tWo or more types of solvents. Among the 
above-listed solvents, hydrocarbon solvents and glycol 
mono ether acetate solvents are favorably used alone, While 
ethers and ketones are favorably used in mixture With 
glycols. There is no generic rule regarding the concentration 
of the solution because it should be determined depending 
on the solubility of liquid crystal compositions and the ?lm 
thickness of phase difference layers to be fabricated; it is, 
hoWever, usually Within a range of 1 to 60% by Weight, and 
more preferably 3 to 40% by Weight. 

[0143] In this invention, there may be cases Where the 
phase difference layer should preferably be formed in a 
certain pattern on the substrate as described above. In such 
a case, a noZZle discharge technique such as an inkjet 
method or the like, or a printing technique such as photo 
gravure or the like may be employed in this application step 
for patterned application. In the case Where a highly precise 
pattern is needed, the base material may undergo a prepa 
ratory step of forming a pattern consisting of hydrophilic 
regions and Water-repellent regions for giving Wettability, 
the patterned application being made to the hydrophilic 
regions. 
[0144] 3. Orientation Processing Step 

[0145] The next step, in this invention, is the orientation 
processing step of performing orientation processing to the 
refractive index anisotropic material layer applied on the 
base material. The orientation processing step according to 
the invention includes tWo methods: One method uses a base 
material having orientability, the other achieves orientation 
by applying force to molecules of the refractive index 
anisotropic material. Each method is respectively described 
beloW. 

[0146] (Method using a Base Material having Orientabil 
ity) 
[0147] This method using a base material having orient 
ability can be employed in the orientation processing step of 
the invention When the above-described liquid crystal mate 
rial is used for the refractive index anisotropic material. 

[0148] In the case of using a base material having orient 
ability, the refractive index anisotropic material, or the liquid 
crystal material in this case, formed on the base material 
having orientability is heated to a temperature at Which it can 
form a liquid crystal phase, the temperature being main 
tained the same until the liquid crystal material is oriented 
along directions de?ned by the base material. 

[0149] The temperature and duration of time for Which it 
is maintained depend largely on the liquid crystal material 
used and the orientability of the base material; they should 
suitably be set in accordance With the types of the liquid 
crystal material and base material having orientability. 

[0150] Incidentally, a base material comprising a transpar 
ent substrate and an oriented ?lm formed thereof to have 
orientability can be used With favorable results because of a 
Wider range of selection of orientation direction or the 
direction of fast axis (or sloW axis) of phase difference layer, 
and because the use of the oriented ?lm makes possible to 
give a pattern to the orientation directions, as has been 
described under the section “2. Base material having ori 
entability” in “A. Phase difference layer laminated body” in 
the foregoing. 
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[0151] (Orienting Method With Application of Force to 
Molecules) 
[0152] In this invention, apart from the method using a 
base material having orientability, the refractive index aniso 
tropic material having an ability of providing refractive 
index anisotropy can be oriented by a method of applying 
force to molecules. 

[0153] In this orienting method of applying force to mol 
ecules, after heating the refractive index anisotropic material 
formed on the base material in the above application step to 
a temperature at least exceeding a temperature Tg at Which 
molecules are movable inside the layer, force is applied to 
the molecules to orient them in certain directions. 

[0154] Examples of such a force applying method include 
a method of applying a poWerful electrostatic ?eld, and a 
method of applying a poWerful magnetic ?eld, and the like. 

[0155] While the above method using a base material 
having orientability can use only a liquid crystal material as 
the refractive index anisotropic material, this method can 
employ, not only liquid crystal materials, but also any 
material that has an ability of providing refractive index 
anisotropy. 
[0156] If an electrostatic ?eld is to be used, for example, 
for applying a force to the molecules, a refractive index 
anisotropic material having a molecular structure that can 
receive a force induced by an electrostatic ?eld may be used; 
speci?cally, a material having polarity may be used. Simi 
larly, if a magnetic ?eld is to be used, a refractive index 
anisotropic material having a molecular structure that can 
receive a force induced by a magnetic ?eld may be used; in 
this case also, a material having polarity may be used. The 
material, in this case, should have refractive index anisot 
ropy as Well as polarity, but it should not be limited to a 
polymer material; for example, a polymeriZable monomer or 
oligomer may also be used. Any material can be used as long 
as it exhibits refractive index anisotropy by polymeriZation 
by, e.g., irradiation of an activating radiation beam in a state 
Where the molecules are oriented by an electric or magnetic 
?eld. 

[0157] According to this method, the orientation direction, 
i.e., the direction of fast axis (or sloW axis) of phase 
difference layer, can readily be changed, e.g., by control of 
the position of an electromagnetic or magnetic ?eld. Orien 
tation is therefore possible in any direction, Whereby the 
resultant phase difference layer laminated body has a merit 
that it can be used in a very Wide range of applications. 

[0158] 4. Orientation Fixing Step 

[0159] In this invention, an orientation ?xing step is 
carried out for ?xing the given orientation of the refractive 
index anisotropic material layer that has undergone the 
above orientation processing. 

[0160] This orientation ?xing step may be performed 
along With the orientation processing step, or after the 
orientation processing step has been completed. If, for 
example, the above orientation processing step employs a 
method using an electrostatic ?eld, then the orientation 
?xing step, in Which temperature is loWered in this case, may 
be performed While applying the electrostatic ?eld. 

[0161] In this invention, the orientation ?xing step is 
carried out in different manners depending on the refractive 
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index anisotropic material being used. Speci?cally, there are 
tWo cases; one is that the refractive index anisotropic 
material is a polymeriZable material, and the other is that it 
is a non-polymeriZable polymer material. Both cases, 
Wherein the refractive index anisotropic material is a poly 
meriZable material, and a non-polymeriZable polymer mate 
rial, are separately described beloW. 

[0162] (PolymeriZable Material) 
[0163] In this invention, for the refractive index anisotro 
pic material, polymeriZable liquid crystal materials such as 
polymeriZable monomers, polymeriZable oligomers, and 
polymeriZable liquid crystal polymers are preferably used as 
noted above. 

[0164] In the orientation ?xing step in Which such a 
polymeriZable liquid crystal material is used, an activating 
radiation beam, Which promotes polymeriZation, is irradi 
ated to the refractive index anisotropic material layer com 
prising the polymeriZable liquid crystal material formed on 
the base material having orientability. 

[0165] “Activating radiation beam” mentioned in this 
invention means radiation rays that are capable of inducing 
polymeriZation in a polymeriZable material, Which may 
contain, if required, a polymeriZation initiator. 

[0166] In this invention, a preferable method is that UV 
ray is used as the activating radiation beam for a polymer 
iZable liquid crystal material, Which contains a polymeriZa 
tion initiator that generates radicals for inducing radical 
polymeriZation upon irradiation of the UV rays. This is 
because the method using UV ray as the activating radiation 
beam is a Well-established technique including the polymer 
iZation initiator used thereWith, and can readily be applied to 
this invention. 

[0167] This orientation ?xing step With irradiation of an 
activating radiation beam may be performed at the same 
processing temperature as that in the above orientation 
processing step, i.e., the temperature at Which the polymer 
iZable liquid crystal material transforms into a liquid crystal 
phase, or loWer than that. A temperature drop after the 
polymeriZable liquid crystal material has transformed into a 
liquid crystal phase does not cause a disorder in the orien 
tation. 

[0168] Other polymeriZable materials that have no liquid 
crystal properties may also be used for the polymeriZable 
material as noted above; the orientation ?xing step can be 
performed similarly in this case, too. 

[0169] (Non-polymeriZable Polymer Material) 
[0170] The refractive index anisotropic material having an 
ability of providing refractive index anisotropy can be a 
non-polymeriZable polymer material When, for example, it is 
a liquid crystal material other than the above-mentioned 
polymeriZable liquid crystal materials, i.e., one of com 
monly knoWn non-polymeriZable liquid crystal polymers. 

[0171] The orientation ?xing step in the case of using such 
a liquid crystal polymer is a step of loWering the temperature 
at Which the polymer transforms into a liquid crystal phase 
to the temperature at Which the polymer transforms into a 
solid phase. In the above orientation processing step, by the 
orientation processing, the liquid crystal polymer has trans 
formed into a liquid crystal phase having a nematic structure 
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along the orientation de?ned by the base material having 
orientability. In this state, by setting the temperature at 
Which liquid crystal transforms to a glass state, the polymer 
can be made into a phase difference layer having, as a Whole, 
refractive index anisotropy. 

[0172] On the other hand, if the above orientation pro 
cessing step employs an orienting method With application 
of force to molecules, ?xing of the orientation of molecules 
can similarly be achieved by loWering the temperature in the 
oriented state. Thereby, a phase difference layer having, as 
a Whole, refractive index anisotropy can be obtained. The 
temperature, in this case, should preferably be loWered to a 
level loWer than the glass transition temperature Tg. 

[0173] (Patterning of Phase Difference Layer) 

[0174] In this invention, depending on the purposes of use, 
the phase difference layer formed on the base material may 
be required to have a certain pattern, as mentioned above. 
Patterning may be achieved in the above application step as 
described above, but in terms of pattern precision, it is 
preferable to perform the patterning in this orientation ?xing 
step. That is, in the case of using the above-mentioned 
polymeriZable material, patterning of the phase difference 
layer can readily be achieved by irradiation of the activating 
radiation beam in a pattern for forming polymeriZed portions 
in a pattern, folloWed by a development step using a solvent 
or the like. 

[0175] Examples of solvents that can be used for the 
development include acetone, 3-methoxybutyl acetate, dig 
lyme, cyclohexanone, tetrahydrofuran, toluene, methylene 
chloride, and methyl ethyl ketone or the like. 

[0176] Afavorable method of irradiating the material With 
the activating radiation beam in a pattern is a method using 
a photo mask as shoWn in FIG. 5, but it is not limited to this; 
a laser beam, for example, may be used as the activating 
radiation beam, the irradiation being performed as if to draW 
a line. 

[0177] In this invention, if the development is performed 
using the solvent or the like thereafter, then it is preferable 
that the cured portions of the polymeriZable liquid crystal 
material have cured to a degree of 85% by the above 
activating radiation beam. Thereby, deterioration of optical 
characteristics of the cured portions or sWelling thereof 
during the development thereafter using a solvent are effec 
tively prevented. 

[0178] In the case of using a non-polymeriZable material, 
on the other hand, patterning may be achieved by a photo 
lithography technique using a photoresist. 

[0179] 5. Others 

[0180] By the above orientation ?xing step, a phase dif 
ference layer laminated body having a phase difference layer 
on the base material is obtained: In this invention, further, 
other functional layers such as a protective layer may be 
added according to needs. 

[0181] Also, if the phase difference layer laminated body 
of the invention is a N4 phase difference layer, a further step 
may be included for bonding a polariZation plate With an 
adhesive layer thereto. Thereby, circular polariZation plates 
can be fabricated. 
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[0182] Furthermore, since the phase difference layer lami 
nated body may have tWo or more laminated phase differ 
ence layers as shoWn in FIG. 6 and FIG. 7, the above 
application step, orientation processing step, and orientation 
?xing step may be repeated tWice or more. If the orientation 
processing is achieved by the use of an oriented ?lm as With 
the examples shoWn in FIG. 6 and FIG. 7, it is preferable 
to perform an oriented ?lm formation step after the orien 
tation ?xing step. 

[0183] C. Liquid Crystal Display Device 

[0184] The liquid crystal display device of the invention is 
characteriZed by the use of a phase difference layer lami 
nated body described in the section “A. Phase difference 
layer laminated body” above, and particularly, a preferable 
embodiment is a liquid crystal display device using a phase 
difference layer laminated body having the phase difference 
layer formed in a pattern on the base material. 

[0185] As described above, the phase difference layer 
laminated body using a polymeriZable liquid crystal mate 
rial, particularly a polymeriZable liquid crystal monomer, 
can readily be formed With a phase difference layer formed 
on the base material in a highly precise pattern, by patterned 
irradiation of an activating radiation beam using, e.g., a 
photo mask, in the orientation ?xing step; a liquid crystal 
display device in Which is incorporated such a phase differ 
ence layer laminated body having a phase difference layer in 
a highly precise pattern Will have an unrivaled high quality. 

[0186] One example of a liquid crystal display device is a 
three-dimensional liquid crystal display device shoWn, for 
example, in Japanese Patent Laid-Open Publication No. Hei 
9-304740; the phase difference layer laminated body having 
a patterned phase difference layer on a base material may be 
used for the phase difference plates of this device that cover 
the entire liquid crystal display panel in a striped manner. 

[0187] Another example is a projection type display 
device shoWn, for example, in Japanese Patent Laid-Open 
Publication No. Hei 8-234205; the phase difference layer 
laminated body having a patterned phase difference layer on 
a base material may be used for the M2 phase difference 
plates formed in a pattern in this projection type display 
device. 

[0188] Yet another preferred embodiment is a liquid crys 
tal display device 50 shoWn in FIG. 8 to FIG. 10, including 
the folloWing: A liquid crystal display element 56 including 
a liquid crystal layer 52 and a plurality of unit cells 54 that 
constitute a multiplicity of pixels, liquid crystal molecules 
on the surface of the liquid crystal layer 52 being oriented 
With a plurality of different directors in directions indicated 
by arroWs in FIG. 10 in each of the unit cells 54; and phase 
difference layers (phase difference optical elements) 60 
arranged on both sides in the thickness direction of the liquid 
crystal display element 56, the phase difference layers 
divided into a plurality of (four in this embodiment) oriented 
compensation regions 58A, 58B, 58C, 58D in accordance 
With the directions of the liquid crystal directors in each unit 
cell 54, the liquid crystal substance being oriented and ?xed 
in each of the oriented compensation regions 58A, 58B, 
58C, 58D. 

[0189] The liquid crystal display element 56 is an MVA 
type; it has the liquid crystal layer 52 sealed betWeen a pair 
of oriented ?lms 62, 63, as shoWn in FIG. 9. Reference 










