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(57) ABSTRACT 

Presented is a polarizing element that absorbs a component 
of a speci?c Wavelength from electromagnetic Waves pass 
ing therethrough and thus produces polarized light. The 
polarizing element includes a transparent substrate that has 
a plurality of ?rst recesses formed in a surface of the 
transparent substrate. The ?rst recesses extend parallel to 
one another With a predetermined spacing therebetWeen in a 
direction orthogonal to the surface of the transparent sub 
strate. The polarizing elements further include thin-?lm 
shaped conductive bodies formed on side surfaces of the ?rst 
recesses. 
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POLARIZING ELEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of application Ser. No. 10/475, 
720, ?led Jul. 8, 2004; Which is a U8. national stage of 
International Application No. PCT/ JP01/ 06512, ?led on Jul. 
27, 2001, Which claims priority from Japan Patent Applica 
tion No. 2001-129353 the content of all of Which is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a polarizing ele 
ment. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Conventional polarizing elements include polariz 
ing beam splitters that use a dielectric multilayer ?lm, 
Rochon prisms and Glan-Thompson prisms that use a bire 
fringent crystal, and linearly polarizing ?lms that are manu 
factured by draWing an organic compound resin ?lm in one 
direction, thus orienting iodine or a dichroic dye in a speci?c 
direction. 

[0006] Moreover, a polarizing element characterized in 
that ?ne silver particles having shape anisotropy are pre 
cipitated and dispersed in glass is knoWn (see, for example, 
NeW Glass, Vol. 12, No. 4, 1997, p42). According to this 
polarizing element, glass in Which ?ne silver halide particles 
have been dispersed is hot draWn, and as a result the ?ne 
silver halide particles are transformed into spheroids, and at 
the same time these spheroids are oriented such that the 
major axes thereof align With one another. The glass is next 
heated under a reducing atmosphere, Whereupon the ?ne 
silver halide particles are reduced to ?ne silver particles, 
thus completing the manufacture of the polarizing element. 

[0007] There is also a so-called “laminate type polarizing 
element” (see a catalog of optical polarization control ele 
ments of Sumitomo Osaka Cement Co., Ltd.). According to 
this laminate type polarizing element, a laminated structure 
is created in Which metal or semiconductor thin ?lm layers 
and dielectric layers are alternately arranged one upon 
another on a substrate of glass or the like in a vacuum 
environment using vacuum deposition, sputtering or the 
like, With a feW tens of such layers being built up in total. 
The substrate and the laminated structure are next sliced to 
a thickness of about 30 pm in a direction orthogonal to the 
direction of lamination. The cut surfaces created by the 
slicing are then smoothed by polishing, thus completing the 
manufacture of the polarizing element. 

[0008] Furthermore, a so-called “metallic grid polarizing 
element” in Which a metallic grid is formed on the surface 
of a transparent substrate has been realized (see Japanese 
Laid-open Patent Publication (Kokai) No. 09-304620). This 
polarizing element is manufactured by forming a metallic 
?lm on a transparent substrate, and then forming a metallic 
grid either by dry etching the metallic ?lm using a photo 
lithographic technique or by a lift-off method. 

[0009] HoWever, in the case of the linearly polarizing ?lm, 
manufacturing the ?lm is cheap, but because the ?lm is 
manufactured by draWing a resin ?lm, there is a problem that 
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heat resistance and Wear resistance are poor compared With 
an inorganic compound type polarizing element. 

[0010] Moreover, in the case of the polarizing element 
characterized by ?ne silver particles having shape anisot 
ropy being precipitated and dispersed in glass, there is a 
problem that, during the step in Which the glass is heated 
under a reducing atmosphere to reduce the ?ne silver halide 
particles to ?ne silver particles, the ?ne silver halide par 
ticles may return to a spherical shape and lose their shape 
anisotropy or the ?ne silver particles may shrink in volume, 
the result being that incident light is scattered and hence the 
insertion loss of incident light increases, and thus the sta 
bility of the polarization characteristics is poor. Furthermore, 
there is a problem that the effects of the treatment to reduce 
the silver halide to metallic silver only extend to a depth of 
a feW tens of um from the glass surface, and hence ?ne silver 
halide particles, Which do not contribute to the polarization 
characteristics, remain. The presence of ?ne silver halide 
particles causes a rise in the incident light insertion loss, and 
also makes the manufacture of the polarizing element inef 
?cient, hampering reduction of the cost of manufacturing the 
polarizing element. 

[0011] Moreover, in the case of the laminate type polar 
izing element, the manufacturing process requires a lot of 
time and effort, resulting in the problem of it not being 
possible to reduce the manufacturing cost. Moreover, adhe 
sion at the interfaces betWeen the metal or semiconductor 
?lm layers and the dielectric layers is very poor, and hence 
there is a limit on the number of layers that can be built up. 
Furthermore, to keep doWn insertion loss of incident light, it 
is necessary to slice the substrate and the laminated structure 
to a thickness of about 30 pm or less and to smooth the cut 
surfaces created by the slicing by polishing. Besides, the 
laminated structure is prone to breaking during this process 
ing, resulting in the problem of the product yield being very 
poor and hence the cost of the polarizing element being very 
high. 

[0012] Moreover, in the case of the metallic grid polariz 
ing element, the grid spacing must be made narroWer than 
the Wavelength of the polarized light used. For example, if 
an optical communication Wavelength of 1.55 pm is to be 
handled, then microprocessing to form a grid in Which the 
grid line Width and the grid spacing are of a submicron order 
becomes necessary, but there are limits as to What is possible 
With photolithographic techniques. There is a problem that if 
either the grid line Width or the grid spacing is larger than the 
designated value, then the incident light-Will be re?ected 
from the metallic ?lm, resulting in the insertion loss increas 
ing and the polarization characteristics Worsening. More 
over, the dry etching selectivity ratio of the metallic ?lm (the 
rate of etching of the metallic ?lm divided by the rate of 
etching of the photoresist) is loW, resulting in the problem 
that it is dif?cult to achieve a thick metallic ?lm, since to 
etch a thick metallic ?lm the photoresist must also be made 
thick. 

[0013] As a result, a metallic ?lm of a thickness suf?cient 
for fully realizing polarization characteristics cannot be 
achieved. For example, in tests to double check the polar 
ization characteristics of a grid polarizing element that uses 
gold as disclosed in above-mentioned Japanese Laid-open 
Patent Publication (Kokai) No. 09-304620, it Was found that 
the extinction ratio Was about 20 dB, Which does not 
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su?iciently meet the performance required of an optical 
element such as a polarizing element. 

[0014] In vieW of the above, it is an object of the present 
invention to provide a polarizing element that is inexpensive 
and has good polarization characteristics, and a method of 
manufacturing this polarizing element. 

SUMMARY OF THE INVENTION 

[0015] To attain the above object, a polarizing element 
according to the present invention, Which absorbs a com 
ponent of a speci?c Wavelength from electromagnetic Waves 
passing therethrough and thus produces polarized light, is 
characterized by comprising a transparent substrate that has 
a plurality of ?rst recesses formed in a surface of the 
transparent substrate and extending parallel to one another 
With a predetermined spacing therebetWeen in a direction 
orthogonal to the surface of the transparent substrate, and a 
thin-?lm-shaped conductive body embedded in each of the 
?rst recesses. 

[0016] Moreover, the polarizing element according to the 
present invention is characterized in that the thin-?lm 
shaped conductive bodies are embedded in a plurality of 
second recesses formed in a dielectric material uniformly 
provided on the surface of the transparent substrate. 

[0017] Furthermore, the polarizing element according to 
the present invention, Which absorbs a component of a 
speci?c Wavelength from electromagnetic Waves passing 
therethrough and thus produces polarized light, is charac 
terized by comprising a transparent substrate that has a 
plurality of ?rst recesses formed in a surface of the trans 
parent substrate and extending parallel to one another With 
a predetermined spacing therebetWeen in a direction 
orthogonal to the surface of the transparent substrate, and 
thin-?lm-shaped conductive bodies formed on side surfaces 
of the ?rst recesses, Wherein the folloWing relationships are 
satis?ed: 

[0018] Where d represents the predetermined spacing 
betWeen the conductive bodies, H a height of the conductive 
bodies, W a Width of the conductive bodies, [6] an absolute 
value of a complex relative permittivity of the conductive 
bodies, and 7» a polarized light Wavelength, and units of d, 
W, and H are pm. 

[0019] Moreover, the polarizing element according to the 
present invention, Which absorbs a component of a speci?c 
Wavelength from electromagnetic Waves passing there 
through and thus produces polarized light, is characterized 
by comprising a transparent substrate and a plurality of 
thin-?lm-shaped conductive bodies arranged on a surface of 
the transparent substrate and extending parallel to one 
another With a predetermined spacing therebetWeen and in a 
direction orthogonal to the surface of the transparent sub 
strate, and Wherein the folloWing relationships are satis?ed: 
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[0020] Where d represents the predetermined spacing 
betWeen the conductive bodies, H a height of the conductive 
bodies, W a Width of the conductive bodies, [6] an absolute 
value of a complex relative permittivity of the conductive 
bodies, and 7» a polarized light Wavelength, and units of d, 
W, and H are um. 

[0021] Moreover, the polarizing element according to the 
present invention is characterized by satisfying the relation 
ships: 

[0022] Where d represents the predetermined spacing 
betWeen the conductive bodies, H the height of the conduc 
tive bodies, W the Width of the conductive bodies, [6] the 
absolute value of the complex relative permittivity of the 
conductive bodies, and 7» the Wavelength of the polarized 
light, and the units of d, W, H and X are pm. 

[0023] Preferably, the polarizing element according to the 
present invention is characterized by satisfying the relation 
ships: 

[0024] More preferably, the polarizing element according 
to the present invention is characterized by satisfying the 
relationships: 

[0025] Moreover, the polarizing element according to the 
present invention is characterized in that the conductive 
bodies comprise at least one selected from the group con 
sisting of gold, silver, copper, palladium, platinum, alumi 
num, germanium, rhodium, silicon, nickel, cobalt, manga 
nese, iron, chromium, titanium, ruthenium, niobium, 
neodymium, ytterbium, yttrium, molybdenum, indium, and 
bismuth. 

[0026] To attain the above object, a method of manufac 
turing a polarizing element, Which absorbs a component of 
a speci?c Wavelength from electromagnetic Waves passing 
therethrough and thus produces polarized light, comprises a 
?rst undulating structure forming step of forming, in a 
surface of a transparent substrate, a ?rst undulating structure 
having a plurality of linear ?rst recesses extending parallel 
to one another With a predetermined spacing therebetWeen, 
a second undulating structure forming step of depositing a 
dielectric material to an approximately uniform thickness 
onto the ?rst undulating structure using a liquid phase 
deposition method, thus forming a second undulating struc 
ture having a plurality of second recesses having a Width 
narroWer than the Width of the ?rst recesses of the ?rst 
undulating structure, and a conductor embedding step of 
embedding a conductor into the second recesses. 
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[0027] Moreover, the liquid phase deposition method in 
the second undulating structure forming step comprises 
bringing the ?rst undulating structure into contact With a 
hydrosilico?uoric acid solution in Which silicon dioxide has 
been dissolved to a supersaturated extent, thus depositing 
silicon dioxide on a surface of the ?rst undulating structure. 

[0028] Other objects and features of the present invention 
Will become apparent from the folloWing detailed descrip 
tion considered in conjunction With the accompanying draW 
ings. It is to be understood, hoWever, that the draWings are 
designed solely for purposes of illustration and not as a 
de?nition of the limits of the invention, for Which reference 
should be made to the appended claims. It should be further 
understood that the draWings are not necessarily draWn to 
scale and that, unless otherWise indicated, they are merely 
intended to conceptually illustrate the structures and proce 
dures described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] In the draWings: 

[0030] FIG. 1 is a front vieW of a polarizing element 
according to a ?rst embodiment of the present invention; 

[0031] FIG. 2 is a top plan vieW of the polarizing element 
shoWn in FIG. 1; 

[0032] FIG. 3 is a front vieW of the polarizing element 10 
shoWn in FIG. 1 With the dielectric material 12 omitted from 
the draWing; 

[0033] FIG. 4 is a front vieW of a variation of the polar 
izing element shoWn in FIG. 1; 

[0034] FIGS. 5A to 5D are vieWs useful in explaining 
steps of manufacturing the polarizing element shoWn in FIG. 
4; speci?cally: 

[0035] FIG. 5A shoWs a transparent substrate processing 
step; 

[0036] FIG. 5B shoWs a dielectric material forming step; 

[0037] FIG. 5C shoWs a conductor embedding step; 

[0038] FIG. 5D shoWs the completed polarizing element; 

[0039] FIG. 6 is a front vieW of a polarizing element 
according to a second embodiment of the present invention; 

[0040] FIG. 7 is a front vieW of a polarizing element 
according to a third embodiment of the present invention; 

[0041] FIG. 8 is a front vieW of a polarizing element 
according to a fourth embodiment of the present invention; 

[0042] FIG. 9 is a front vieW of a polarizing element 
according to a ?fth embodiment of the present invention; 

[0043] FIG. 10 is a front vieW of a polarizing element 
according to a sixth embodiment of the present invention; 

[0044] FIG. 11 is a front vieW of a polarizing element 
according to a seventh embodiment of the present invention; 
and 

[0045] FIG. 12 is a front vieW of a polarizing element 
according to an eighth embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0046] Polarizing elements according to embodiments of 
the present invention Will noW be described in detail With 
reference to the draWings. 

[0047] FIG. 1 is a front vieW of a polarizing element 
according to a ?rst embodiment of the present invention, and 
FIG. 2 is a top plan vieW of the polarizing element shoWn in 
FIG. 1. 

[0048] In the polarizing element 10 according to the ?rst 
embodiment, a dielectric material 12 is provided on a 
transparent substrate 11. A plurality of thin-?lm-shaped 
conductive bodies 13 of Width W and height H are erected 
on the transparent substrate 11 in a manner extending 
parallel to one another With a predetermined spacing d 
therebetWeen, and are held in place by the dielectric material 
12. 

[0049] The transparent substrate 11 should be a substrate 
that is transparent at the polarized light Wavelength used, 
and may be, for example, a glass substrate, a resin substrate, 
a single crystal substrate or the like. 

[0050] Many types of glass may be used for glass sub 
strates, including soda lime glass, aluminosilicate glass, 
borosilicate glass and quartz glass, and a suitable glass may 
be chosen from these in accordance With the use of the 
polarizing element 10. Of these types of glass, quartz glass 
has a high light transmittance over a range right from 
ultraviolet rays to near infrared rays, and thus is particularly 
suitable in the case that the polarizing element 10 is used 
With light of a Wavelength used in optical communication 
(1.55 um). Moreover, quartz glass is also preferable in the 
sense that it can easily be subjected to surface micropro 
cessing techniques such as laser abrasion and dry etching. 

[0051] When the polarizing element 10 is used With light 
of a Wavelength used in optical communication, as Well as 
a quartz glass substrate, a gallium-arsenic single crystal 
substrate can also be used as the transparent substrate 11. 

[0052] Moreover, in the case that a transparent substrate 
other than a quartz glass substrate is used, a silicon dioxide 
(quartz) coating ?lm may be formed to a thickness of a feW 
pm on the surface of the transparent substrate. In the 
polarizing element 10, only the part up to a feW pm from the 
surface of the transparent substrate 11 is made to exhibit 
polarization characteristics, and hence if this part has the 
same properties as quartz glass, then it Will be just as easy 
to apply surface microprocessing techniques as described 
above as in the case of a quartz glass transparent substrate. 

[0053] It should also be noted that, depending on the use 
of the polarizing element, a transparent resin substrate of an 
acrylic resin, a polycarbonate resin or the like may be used 
instead of the transparent substrates described above. 

[0054] The plurality of thin-?lm-shaped conductive bod 
ies 13 erected on the surface of the transparent substrate 11, 
namely, arranged in a fashion extending orthogonally to the 
above-mentioned surface, are ?xed in contact With the 
transparent substrate 11 or the dielectric material 12. As a 
result, the thin-?lm-shaped conductive bodies 13 do not 
separate aWay from the transparent substrate 11 and can 
maintain good adhesion at the interfaces betWeen the con 
ductive bodies 13 and the transparent substrate 11 or the 
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dielectric material 12 Without giving any special consider 
ation. The thin-?lm-shaped conductive bodies 13, Which 
give rise to the polarization characteristics, can thus be ?xed 
in predetermined positions, and as a result stable polariza 
tion characteristics can be realized. Moreover, the thin-?lm 
shaped conductive bodies 13 do not break easily upon being 
subjected to various external forces during subsequent 
manufacturing steps such as machining and assembly. 

[0055] The material that comes into contact With and ?xes 
the conductive bodies 13 in place preferably has a refractive 
index the same or almost the same as that of the transparent 
substrate 11. This is to correct the phase of the light that 
passes through the polarizing element 10. This material is 
thus preferably the same kind of material as that from Which 
the transparent substrate 11 is made. In the case that a 
material different to that from Which the transparent sub 
strate 11 is made is used as the dielectric material 12, it is 
preferable to select a material having a refractive index close 
to that of the transparent substrate 11. 

[0056] It should also be noted that the material that ?xes 
the conductive bodies 13 in place may instead be another 
transparent solid, for example a curable transparent resin 
such as an adhesive, rather than the transparent substrate 11 
or the dielectric material 12. 

[0057] A description Will noW be given of the polarizing 
capability of the polarizing element 10 With reference to 
FIG. 3. 

[0058] FIG. 3 is a front vieW of the polarizing element 10 
shoWn in FIG. 1 With the dielectric material 12 omitted from 
the draWing. 

[0059] Out of the light incident on the polarizing element 
10, TE polarized light (electric ?eld Waves) of Which the 
Wavefronts are parallel to the side faces of the conductive 
bodies 13 and the electric ?eld is parallel to the y-direction 
in FIG. 3 are re?ected by the polarizing element 10, Whereas 
TM polarized light of Which the Wavefronts are perpendicu 
lar to the side faces of the conductive bodies 13 and the 
electric ?eld is parallel to the x-direction in FIG. 3 is 
transmitted by the polarizing element 10. 

[0060] With regard to the TE polarized light, relative to the 
Wavelength, the conductive bodies 13 have a length (the 
height H in FIG. 3) such that they act substantially as 
conductors, and hence transient currents ?oW through the 
conductive bodies 13. As a result, re?ection and absorption 
properties similar to those of a metal surface are obtained, 
and hence the TE polarized light does not pass through the 
polarizing element 10. 

[0061] With regard to the TM polarized light, on the other 
hand, the length of the conductive bodies 13 (the Width W 
in FIG. 3) is short compared With the Wavelength, and hence 
the conductive bodies 13 do not act substantially as con 
ductors, resulting in no transient currents ?oWing through 
the conductive bodies 13. The TM polarized light thus 
passes through the polarizing element 10. 

[0062] The extinction ratio and the insertion loss are 
generally used as characteristics for evaluating the polariz 
ing capability of a polarizing element. 

[0063] The extinction ratio is de?ned as in the folloWing 
formula from the ratio of the transmittance TTM of the TM 
polarized light (Which is transmitted in a more amount) to 
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the transmittance TTE of the TE polarized light (Which is 
transmitted in a less amount) for the case that linearly 
polarized light is incident on the polarizing element: 

Extinction ratio (dB)=l0-log1O(T-1-M/TTE) 

[0064] The insertion loss is de?ned as in the folloWing 
formula from the transmittance TTM of the TM polarized 
light (Which is transmitted in a more amount than the TE 
polarized light) for the case that linearly polarized light is 
incident on the polarizing element: 

Insertion loss (dB)=—l0-log1O(TTM/l00), 

[0065] Where TTM is expressed as a percentage. 

[0066] The higher the extinction ratio and the loWer the 
insertion loss, the better the polarization characteristics of 
the polarizing element. 

[0067] A description Will noW be given of the shape that 
the conductive bodies 13 should have for good polarization 
characteristics to be exhibited for a given polarized light 
Wavelength, i.e. the values that the Width W, the height H 
and the predetermined spacing d should take. 

[0068] It is desirable for the shape of the conductive 
bodies 13 to be determined based on the polarized light 
Wavelength used. It is desirable for the predetermined spac 
ing d betWeen the conductive bodies 13 erected on the 
transparent substrate 11 to be as folloWs relative to the 
Wavelength 7»: 

[0069] If the predetermined spacing d is greater than 0.57», 
then, relative to the polarized light wavelength 7» used, there 
Will not be enough conductive bodies 13 to contribute to the 
re?ection and absorption of the TE polarized light. As a 
result, the transmittance of the TE polarized light Will be 
high, and hence the polarizing element 10 Will no longer 
function properly. 

[0070] The loWer the predetermined spacing d, the larger 
the polarized light separation effect, but if d is less than 0.17», 
then re?ection and absorption of the TM polarized light that 
should be transmitted Will increase, that is, the insertion loss 
of the incident light Will increase, and hence the perfor 
mance of the polarizing element 10 Will drop. Moreover, 
With regard to the structure of the polarizing element 10 
shoWn in FIG. 1, if the predetermined spacing d is less than 
0.17», then it Will be difficult to arrange the conductive bodies 
13, Which is undesirable from an industrial point of vieW. 

[0071] Moreover, the height H of the conductive bodies 13 
relative to the predetermined spacing d betWeen the con 
ductive bodies 13 is preferably 0.5 d<H§20 d, more pref 
erably 0.7 d<H§ 15 d, yet more preferably 1.0 d<H§ 10 d. 

[0072] It is preferable for the height H of the conductive 
bodies 13 to be so high that the conductive bodies 13 act 
substantially as conductors in the travelling direction of the 
incident linearly polarized light. That is, it is preferable for 
the height H to be so high that transient currents ?oW When 
the conductive bodies 13 receive the TE polarized light, 
resulting in re?ection and absorption properties similar to 
those of a metal surface being obtained, and hence the TE 
polarized light not being transmitted. 

[0073] If the height H is less than 0.5 d, then the conduc 
tive bodies 13 do not act substantially as conductors in the 
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travelling direction of the incident linearly polarized light, 
and hence a suf?cient extinction ratio cannot be obtained. 

[0074] Moreover, the extinction ratio can be made larger 
by making the height H larger, but once the height H exceeds 
20 d, the extinction ratio no longer increases. Moreover, it is 
not practicable to form conductive bodies having a height H 
greater than 20 d With current techniques, and hence it is 
preferable for the height H to be no more than 20 d from an 
industrial point of vieW. 

[0075] The Width W of the conductive bodies 13 relative 
to the predetermined spacing d betWeen the conductive 
bodies 13 is preferably 0.06 d§W§l.5 d, more preferably 
0.06 d§W§0.7 d, yet more preferably 0.06 d§W§0.5 d. 

[0076] As the Width W of the conductive bodies 13 
becomes smaller relative to the predetermined spacing d, the 
insertion loss drops, but if the Width W is less than 0.06 d, 
then a suf?ciently large extinction ratio can no longer be 
obtained. Moreover, to make the Width W less than 0.06 d, 
the thin-?lm-shaped conductive bodies 13 must be made 
extremely thin. It is dif?cult and impracticable to do this. 

[0077] As the Width W becomes larger relative to the 
predetermined spacing d, the extinction ratio rises, but it is 
undesirable for the Width to exceed 1.5 d, since in this case 
re?ection and absorption of the TM polarized light Which 
should be transmitted increases and hence the insertion loss 
of the incident light increases. 

[0078] The physical properties of the conductive bodies 13 
really affect the polarization characteristics of the polarizing 
element 10 obtained. In particular, the conductivity and 
relative permittivity of the conductive bodies 13 contribute 
to the polarization characteristics; the larger the conductivity 
and relative permittivity, the greater the function of re?ect 
ing and absorbing the TE polarized light, and hence the 
larger the extinction ratio and the better the polarization 
characteristics. 

[0079] The absolute value [6] of the complex relative 
permittivity can be used as a physical quantity that repre 
sents both the conductivity and the relative permittivity, in 
Which case a polarizing element having a large extinction 
ratio is obtained When conductive bodies having a large 
value of [e] are used. As described above, the shape of the 
conductive bodies 13, i.e. the Width W, the height H and the 
predetermined spacing d, and the physical property value [6] 
are factors that determine the polarization characteristics. It 
is not the case that any one of these factors alone determines 
the polarization characteristics. 

[0080] By setting the shape of the conductive bodies 13 in 
accordance With the polarized light Wavelength used With 
the polarizing element 10, i.e. setting relationships betWeen 
W, H, d and 7», and moreover setting a suitable relationship 
betWeen the shape parameters W, H and d and the physical 
property value [6] of the conductive bodies 13, optimum 
characteristics can be obtained for the polarized light Wave 
length used With the polarizing element 10. 

[0081] Speci?cally, it is preferable for the shape param 
eters W, H and d and the physical property value [6] of the 
conductive bodies 13 in the polarizing element 10 to satisfy 
the folloWing relationship: 
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[0082] For example, in the case that conductive bodies 13 
having a loW value of [e] are used, if a shape is adopted for 
Which at least one of W and H/ d is large, then the polarizing 
element 10 Will have suf?cient characteristics for practical 
purposes. Moreover, in the case that conductive bodies 13 
having a high value of [e] are used, at least one of W and H/d 
may be made small. 

[0083] As described above, the polarizing element 10 can 
thus be produced in such a Way as to realize the optimum 
characteristics for the polarized light Wavelength used. 

[0084] The material of the conductive bodies 13 is pref 
erably at least one selected from the group consisting of 
gold, silver, copper, palladium, platinum, aluminum, germa 
nium, rhodium, silicon, nickel, cobalt, manganese, iron, 
chromium, titanium, ruthenium, niobium, neodymium, 
ytterbium, yttrium, molybdenum, indium, and bismuth. 

[0085] Moreover, the material of the conductive bodies 13 
is more preferably at least one selected from the group 
consisting of gold, silver, copper, aluminum, palladium, 
rhodium, nickel, cobalt, and chromium. 

[0086] The above metallic materials have high conduc 
tivities and relative permittivities, even relative to other 
metallic materials. If such metallic materials are used for the 
conductive bodies 13 of the polarizing element 10, then the 
characteristics of re?ection and absorption of light incident 
on the polarizing element 10 are improved, and hence the 
polarization characteristics of the polarizing element 10 can 
be improved. 

[0087] FIG. 4 is a front vieW of a variation of the polar 
izing element shoWn in FIG. 1. 

[0088] In FIG. 4, constituent elements equivalent to con 
stituent elements in FIG. 1 are designated by the same 
reference numerals. 

[0089] The polarizing element 20 has an undulating struc 
ture (hereinafter referred to as the “?rst undulating struc 
ture”) in Which a plurality of linear ?rst recesses 22 are 
formed parallel to one another in one surface of a transparent 
substrate 21. A dielectric layer 30 made from silicon dioxide 
is formed on the surface of the ?rst undulating structure. 
This dielectric layer 30 is formed to approximately the same 
thickness in all places over the surface of the ?rst undulating 
structure, and hence the surface outline thereof also has an 
undulating structure (hereinafter referred to as the “second 
undulating structure”). Recesses 32 (hereinafter referred to 
as the “second recesses 32”) of the second undulating 
structure have a Width W and a depth H. Moreover, project 
ing parts 33 (hereinafter referred to as the “second projec 
tions 33”) have a Width d. A thin-?lm-shaped conductive 
body 13 of Width W and height H is embedded in each of the 
second recesses 32. 

[0090] A description of a method of manufacturing the 
polarizing element shoWn in FIG. 4 Will noW be given With 
reference to FIGS. 5A to 5D. 

[0091] FIGS. 5A to 5D are vieWs useful in explaining 
steps of manufacturing the polarizing element shoWn in FIG. 
4. Speci?cally, FIG. 5A shoWs a transparent substrate pro 
cessing step, FIG. 5B shoWs a dielectric forming step, FIG. 
5C shoWs a conductor embedding step, and FIG. 5D shoWs 
the completed polarizing element. 
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[0092] First, as shown in FIG. 5A, the linear ?rst recesses 
22 are formed in an upper part of the transparent substrate 
21. To form these ?rst recesses 22, there may be used a 
method of carrying out light exposure using a photolithog 
raphy exposure technique, an electron beam draWing tech 
nique, a laser draWing technique, a laser tWo-beam interfer 
ence exposure technique or the like, and then carrying out 
dry etching or Wet etching. Moreover, laser abrasion or 
pattern transfer using a press, Which alloW formation of a 
?ne ?rst undulating structure, may also be used. 

[0093] By using such a method, ?rst recesses 22 having a 
Width W' and a depth H, and ?rst projections 23 having a 
Width d', are formed. 

[0094] Next, as shoWn in FIG. 5B, a dielectric layer 30 
formed of a silicon dioxide is formed on the surface of the 
?rst undulating structure. 

[0095] The formation of the dielectric layer 30 is carried 
out by liquid phase deposition. Speci?cally, the transparent 
substrate 21 is brought into contact With a hydrosilico?uoric 
acid (H2SiF6) solution containing silicon dioxide to a super 
saturated extent (hereinafter referred to as the ‘treatment 
solution’), thus depositing the silicon dioxide component in 
the treatment solution onto the surface of the transparent 
substrate 21. 

[0096] The treatment solution is, for example, prepared by 
dissolving a substance containing silicon dioxide such as 
silica gel or silica glass approximately to saturation in a 
hydrosilico?uoric acid solution, and then either adding 
Water or a reagent (such as boric acid or metallic aluminum) 
or else raising the temperature of the approximately satu 
rated hydrosilico?uoric acid solution, thus making the sili 
con dioxide be contained to a supersaturated extent. 

[0097] In the case that a resin substrate is used as the 
transparent substrate 21, a coating ?lm of an organosilicic 
compound having an organic functional group such as a 
methacryloxy group or an amino group is formed before 
carrying out the silicon dioxide deposition; When the silicon 
dioxide deposition is subsequently carried out, a silicon 
dioxide coating ?lm that adheres strongly to the resin 
substrate can thus be formed. 

[0098] Through this liquid phase deposition, silicon diox 
ide is isotropically deposited at the same deposition rate on 
all of the bottom surface and side surfaces of each of the ?rst 
recesses 22 and the top surface of each of the ?rst projec 
tions 23. The Width W of the second recesses 32 after the 
formation of the dielectric layer 30 is thus less than the Width 
W' of the ?rst recesses 22 initially formed in the upper part 
of the transparent substrate 21, Whereas the depth H of the 
second recesses 32 is the same as the depth H of the ?rst 
recesses 22. Furthermore, the spacing d betWeen adjacent 
conductive bodies 13 is larger than the Width d' of the ?rst 
projections 23. 

[0099] Through this liquid phase deposition, the Width of 
the second recesses 32 can thus be made extremely narroW, 
and groove shapes of depth 15 times this Width can easily be 
formed. 

[0100] After the dielectric layer 30 has been formed, the 
conductive bodies 13 are embedded into the second recesses 
32 as shoWn in FIG. 5C. Electroless deposition is suitable as 
a method for doing this. 
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[0101] Alternatively, the embedding of the conductive 
bodies 13 into the second recesses 32 may be carried out by 
applying a solution containing a conductor raW material onto 
the dielectric layer 30 and then heating. Methods of applying 
the solution containing the conductor raW material include 
casting, dip coating, gravure coating, ?exographic printing, 
roll coating, spraying, and spin coating. 

[0102] When this method is used, some of the conductor 
remains on the surfaces of the second projections 33, and if 
the situation is left like this, then the insertion loss of the 
polarizing element 20 Will increase. To prevent this, after the 
embedding of the conductive bodies 13, the conductor 
remaining on the surfaces of the second projections 33 is 
removed by polishing, etching, or Wiping With a cloth or the 
like. 

[0103] The conductive bodies 13 formed in this Way have, 
for example, a Width W of 0.1 pm, a height H of 1.5 pm, and 
a spacing d of 0.5 um. To form conductive bodies 13 having 
such a shape in the second recesses 32, the Width W of the 
second recesses 32 must be 0.1 pm, the depth H of the 
second recesses 32 must be 1.5 pm, and the spacing d must 
be 0.5 pm. 

[0104] By folloWing the procedure described above, a 
polarizing element 20 as shoWn in FIG. 5D is manufactured. 

[0105] Note that in the case that the Width of the second 
recesses 32 is large and the depth is loW, CVD, vacuum 
deposition, sputtering or the like may be used to form the 
conductive bodies 13. 

[0106] Moreover, by forming a layer having an antire?ec 
tive function on the surfaces of the conductive bodies 13, the 
insertion loss can be reduced, and hence a polarizing ele 
ment 20 having improved polarization characteristics can be 
manufactured. 

[0107] Using the manufacturing method described above, 
it is easy to manufacture a polarizing element having an 
extinction ratio of at least 25 dB and an insertion loss of no 
more than 1.0 dB. 

[0108] Moreover, it is also possible to manufacture a yet 
more preferable polarizing element having an extinction 
ratio of at least 30 dB and an insertion loss of no more than 
1.0 dB. 

[0109] It should also be noted that, although a description 
has just been given of a manufacturing method in Which a 
layer of a dielectric 30 is formed after the ?rst recesses 22 
have been formed in an upper part of the transparent 
substrate 21, it is also possible to omit the formation of the 
dielectric layer 30, simply forming the ?rst recesses 22 to a 
narroW Width in the ?rst manufacturing step and then 
embedding the conductive bodies 13 directly into the ?rst 
recesses 22. 

[0110] FIG. 6 is a front vieW of a polarizing element 
according to a second embodiment of the present invention. 

[0111] A plurality of linear ?rst recesses 42 are formed 
parallel to one another in an upper part of a transparent 
substrate 41 by carrying out, for example, light exposure and 
dry etching. Conductive bodies 13 are then directly embed 
ded into these ?rst recesses 42. The Width and height of the 
conductive bodies 13 are denoted by W and H respectively, 
and the separation betWeen adjacent conductive bodies 13 is 
denoted by d. 
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[0112] FIG. 7 is a front vieW of a polarizing element 
according to a third embodiment of the present invention. 

[0113] At the top of a transparent substrate 51, a plurality 
of linear grooves 53 are formed parallel to one another in the 
surface of a dielectric 52 by carrying out, for example, light 
exposure and dry etching. The dielectric 52 is made of 
silicon dioxide or the like and is formed to a thickness of a 
feW pm on the transparent substrate 51, and the conductive 
bodies 13 are embedded into the grooves 53 formed in the 
dielectric 52. The Width and height of the conductive bodies 
13 are denoted by W and H respectively, and the separation 
betWeen adjacent conductive bodies 13 is denoted by d. 
Each of the conductive bodies 13 is made to be in contact 
With the dielectric 52. 

[0114] FIG. 8 is a front vieW of a polarizing element 
according to a fourth embodiment of the present invention. 

[0115] Conductive bodies 13 are formed in thin ?lm 
shapes of a thickness of a feW pm on top of a transparent 
substrate 61 by carrying out, for example, light exposure and 
dry etching. 
[0116] FIG. 9 is a front vieW of a polarizing element 
according to a ?fth embodiment of the present invention. 

[0117] A ?rst undulating structure comprised of a plurality 
of linear ?rst recesses 74, and a plurality of linear ?rst 
projections 73 is formed in an upper part of a transparent 
substrate 71 by carrying out, for example, light exposure and 
dry etching. Conductive bodies 72 are formed on the side 
surfaces of the ?rst projections 73. These conductive bodies 
72 are formed by forming a conductive ?lm by electroless 
deposition or the like over the Whole surface of the ?rst 
undulating structure, and then removing parts of the con 
ductive ?lm formed on the top surfaces of the ?rst projec 
tions 73 and parts of the conductive ?lm formed on the 
bottom surfaces of the ?rst recesses 74 using highly direc 
tional (anisotropic) etching (for example reactive ion etching 
using CF6 gas). The Width and height of the conductive 
bodies 72 are denoted by W and H respectively, and the 
separation betWeen adjacent conductive bodies 72 is denoted 
by d. The conductive bodies 72 rise up from the bottom 
surfaces of the ?rst recesses 74. 

[0118] FIG. 10 is a front vieW of a polarizing element 
according to a sixth embodiment of the present invention. 

[0119] A ?rst undulating structure including a plurality of 
linear ?rst projections 82 is formed in an upper part of a 
transparent substrate 81 by carrying out, for example, light 
exposure and dry etching. A conductive body 83 is formed 
on the top surface of each ?rst projection 82, extending 
doWnWard along parts the side surfaces of the ?rst projection 
82. These conductive bodies 83 are formed by carrying out 
sputtering, CVD or the like from above the ?rst projections 
82. The Width and height of the conductive bodies 83 are 
denoted by W and H respectively, and the separation 
betWeen adjacent conductive bodies 83 is denoted by d. 

[0120] FIG. 11 is a front vieW of a polarizing element 
according to a seventh embodiment of the present invention. 

[0121] The polarizing element of this embodiment is the 
same as that of the sixth embodiment, except that parts of the 
conductive bodies 83 on the top surfaces of the ?rst projec 
tions 82 are removed by polishing or the like, thus improv 
ing the insertion loss. 
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[0122] FIG. 12 is a front vieW of a polarizing element 
according to an eighth embodiment of the present invention. 

[0123] The polarizing element of this embodiment is 
formed by taking the polarizing element of the seventh 
embodiment and covering the Whole of the undulating 
structure With a dielectric 84 so as to protect the conductive 

bodies 83 and also correct the phase of the transmitted light. 
The dielectric 84 has a refractive index approximately the 
same as that of the transparent substrate 81. This dielectric 

84 is formed, for example, by applying a sol-type coating 
liquid having an organosilicic compound such as an alkox 
ysilane as a principal component thereof over the Whole of 
the undulating structure, and then carrying out heat treat 
ment so as to gelate and thus solidify the sol-type coating 
liquid. 

[0124] As described above, according to the polarizing 
element of the present invention, the thickness of the trans 
parent substrate surface structure for producing the polar 
ization characteristics can be made suf?ciently thin so as to 
be of approximately the same order as the polarized light 
Wavelength used, and hence it is easy to make a thin 
polarizing element. 

[0125] Moreover, the structure for producing the polariza 
tion characteristics is formed on the surface of the polarizing 
element, and hence a polarizing element having a large 
surface area can easily be obtained. 

[0126] Furthermore, a large number of polarizing ele 
ments can be manufactured at a time by cutting a polarizing 
element having a large surface area into many parts each 
having a predetermined size, and hence it is easy to promote 
cost reduction of polarizing elements. 

EXAMPLES 

Example 1 

[0127] Apiece of quartz glass of dimensions 100 mm><100 
mm><2.1 mm Was prepared as a transparent substrate. A 

photoresist Was applied onto this transparent substrate, 
He4Cd laser tWo-beam interference exposure Was carried 
out, and then an undulating structure having linear grooves 
of Width (W') 0.30 pm and depth (H) 1.5 um extending 
parallel to one another With a spacing (d') of 0.30 pm 
therebetWeen Was formed using reactive ion etching. 

[0128] Next, a silicon dioxide layer of thickness 0.10 pm 
Was formed over the Whole surface of the undulating struc 
ture by carrying out liquid phase deposition using a hydro 
silico?uoric acid solution containing silicon dioxide to a 
supersaturated extent (treatment solution), thus forming an 
undulating structure in Which the thickness Was 0.10 pm, the 
Width (W) of the recesses Was 0.1 um, the depth (H) of the 
recesses Was 1.5 pm, and the spacing (d) betWeen adjacent 
recesses Was 0.5 pm. 

[0129] In the liquid phase deposition in the present 
example, the concentration of the hydrosilico?uoric acid 
Was 2.5 mol/l and the temperature of the treatment solution 
Was 35° C. 
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[0130] Next, gold Was embedded as a conductor into the 
recesses of the undulating structure using electroless depo 
sition. Excess gold that formed on the top surfaces of the 
projections of the undulating structure Was removed using a 
polishing apparatus. 

[0131] As a result of the above, a polarizing element Was 
produced in Which thin gold ?lms of Width (W) 0.1 pm and 
height (H) 1.5 pm rose up With a spacing (d) of 0.5 pm 
therebetWeen from the surface of a piece of quartz glass, 
With the thin gold ?lms being in contact With a silicon 
dioxide layer. 

[0132] When manufacturing the polarizing element as 
described above, the shape of the undulating structure and 
the shape of the conductive bodies Were measured by 
manufacturing another sample by carrying out the same 
processes and then vieWing the cross section of this sample 
using a scanning electron microscope (SEM). 

[0133] The polarization characteristics of the polarizing 
element Were evaluated using light of Wavelength 1.55 pm, 
Whereupon the extinction ratio Was found to be 52.3 dB and 
the insertion loss 0.13 dB. The extinction ratio and the 
insertion loss Were evaluated folloWing the de?nitions given 
earlier. 

[0134] Moreover, it should be noted that there Was no 
peeling aWay Whatsoever at either the interfaces betWeen the 
gold and the silicon dioxide or the interface betWeen the 
quartz glass and the silicon dioxide. 

Examples 2 to 10 

[0135] Using pieces of quartz glass of dimensions 100 
mm><100 mm><2.1 mm as in Example 1, polarizing elements 
having conductive bodies of different types and shapes as 
shoWn in Table 1 Were manufactured using the same pro 
cedure as in Example 1. 

[0136] In Table 1, each of the predetermined spacing d, the 
height H, the Width W and the parameter ]e]~W~(H/d) has the 
units pm. 

[0137] Table 2 shoWs the characteristics (extinction ratio 
and insertion loss) of the polarizing elements of each of the 
examples. 
[0138] In the case of Example 6, the Wavelength used Was 
0.78 pm, Whereas in the case of all the other examples, the 
Wavelength used Was 1.55 um. 
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[0139] 

TABLE 2 

EXTINCTION INSERTION 
RATIO LOSS WAVELENGTH 

[dB] [dB] [um] 

EXAMPLE 1 52.3 0.13 1.55 
2 55.6 1.49 1.55 
3 58.2 0.61 1.55 
4 58.7 0.22 1.55 
5 55.7 0.26 1.55 
6 47.8 0.69 0.78 
7 53.5 0.28 1.55 
8 51.3 0.21 1.55 
9 48.4 0.07 1.55 

10 22.5 0.08 1.55 

[0140] Example 1: In this example, a preferable material 
Was used for the conductive bodies in the polarizing element 
and the shape parameters of the conductive bodies Were 
selected to be in a preferable range, and hence a polarizing 
element having both a good extinction ratio and a good 
insertion loss Was obtained. 

[0141] Example 2: The Width W of the conductive bodies 
Was larger than in Example 1, and hence, although the 
extinction ratio Was high, the insertion loss increased. 

[0142] Example 3: The height H of the conductive bodies 
Was larger than in Example 1, and hence a large extinction 
ratio Was obtained. Moreover, even though H Was made 
larger, the insertion loss increased only slightly. 

[0143] Example 4: The spacing d betWeen the conductive 
bodies Was smaller than in Example 1, and hence a large 
extinction ratio Was obtained. Moreover, because the Width 
W Was unchanged, the insertion loss increased only slightly. 

[0144] It can be seen from Examples 1 to 4 above that 
good polarization characteristics Were obtained even When 
Wide-ranging changes Were made to the shape parameters of 
the conductive bodies. 

[0145] Example 5: The shape parameters of the conduc 
tive bodies Were the same as in Example 1, but aluminum 
Was used as the material of the conductive bodies. Even 
though aluminum Was used, a polarizing element having 
excellent characteristics Was obtained. 

[0146] Example 6: A different Wavelength (0.78 pm) to 
that used in the other examples (an optical communication 

TABLE 1 

SPACING(d) HEIGHT(H) WIDTH(W) CONDUCTOR \ e ]W(H/d) 

EXAMPLE 1 0.5(0.32 A) 1.5(3.0 d) 0.1(0.2 d) An 29.4 
2 0.5(0.32 A) 1.5(3.0 d) 0.5(1.0 d) An 147.0 
3 0.5(0.32 A) 5.0(10.0 d) 0.1(0.2 d) An 98.0 
4 0.25(0.16 A) 1.5(3.0 d) 0.1(0.2 d) An 58.8 
5 0.5(0.32 A) 1.5(3.0 d) 0.1(0.2 d) A1 50.4 
6 0.25(0.32 A) 0.75(3.0 d) 0.05(0.2 d) Al 7.72 
7 0.5(0.32 A) 1.5(3.0 d) 0.1(0.2 d) Ag 22.1 
8 0.5(0.32 A) 1.5(3.0 d) 0.1(0.2 d) Cu 32.9 
9 0.5(0.32 A) 1.5(3.0 d) 0.05(0.1 d) An 14.7 

10 0.3(0.19 A) 0.3(1.0 d) 0.1(0.3 d) Al 2.57 
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Wavelength of 1.55 pm) Was used, but by changing the shape 
parameters to ones suitable for this neW Wavelength, excel 
lent polarization characteristics Were again obtained. 

[0147] Examples 7, 8: The shape parameters of the con 
ductive bodies Were unchanged from Example 1, but the 
material of the conductive bodies Was changed to silver or 
copper. Even so, excellent polarization characteristics Were 
obtained as With When gold Was used. 

[0148] Example 9: The Width W of the conductive bodies 
Was loWered relative to Example 1, and hence an extremely 
loW insertion loss Was obtained. Moreover, the extinction 
ratio dropped only slightly. 

[0149] Example 10: The shape parameters of the conduc 
tive bodies Were not really Within the best ranges, and 
moreover aluminum, Which has a relatively loW conductiv 
ity, Was used. Even so, a polarizing element that could be put 
to practical use Was obtained. 

Comparative Examples 1 to 4 

[0150] Using pieces of quartz glass of dimensions 100 
mm><100 mm><2.1 mm as in Example 1, polarizing elements 
having conductive bodies of di?ferent types and shapes as 
shoWing in Table 3 Were manufactured using the same 
procedure as in Example 1. 

[0151] In Table 3, each of the predetermined spacing d, the 
height H, the Width W and the parameter ]e]~W~(H/d) has the 
units pm. 

[0152] Table 4 shoWs the characteristics (extinction ratio 
and insertion loss) of the polarizing elements of each of the 
comparative examples. 
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Were not su?iciently Well matched to one another, in par 
ticular the height H Was too loW, resulting in polarizing 
characteristics (both the extinction ratio and the insertion 
loss) not ?t for practical use. 

[0157] Comparative Example 4: The Width W of the 
conductive bodies Was large, and hence the insertion loss 
Was extremely large. 

INDUSTRIAL APPLICABILITY 

[0158] As described in detail above, according to the 
polarizing element of the present invention, a plurality of 
thin-?lm-shaped conductive bodies are arranged on a sur 
face of the transparent substrate and extending parallel to 
one another With a predetermined spacing therebetWeen and 
in a direction orthogonal to the surface of the transparent 
substrate. Insertion loss of incident light through scattering 
and absorption can thus be reduced, and hence good polar 
ization characteristics can be obtained. Moreover, due to the 
simple structure, the polarizing element is inexpensive. 

[0159] Moreover, according to the polarizing element of 
the present invention, the transparent substrate has a plural 
ity of ?rst recesses provided in a surface thereof, and the 
thin-?lm-shaped conductive bodies are embedded in these 
?rst recesses. The conductive bodies can thus be ?xed in 
place, and moreover the conductive bodies do not separate 
aWay from the transparent substrate, and as a result stable 
polarization characteristics can be realized. 

[0160] Furthermore, according to the polarizing element 
of the present invention, the thin-?lm-shaped conductive 
bodies are embedded in a plurality of second recesses 
formed in a dielectric uniformly provided on the surface of 

TABLE 3 

SPACING(d) HEIGHT(H) WIDTH(W) CONDUCTOR \ e \W(H/d) 

COMPARATIVE 1 0.5(0.32 7t) 0.25(0.5 d) 0.1(0.2 d) 4.90 
EXAMPLE 2 0.8(0.52 7t) 1.5(2.0 d) 0.1(0.13 d) 18.4 

3 0.5(0.32 7t) 0.15(0.3 d) 0.05(0.1 d) 0.77 
4 0.5(0.32 7t) 1.5(3.0 d) 0.8(1.6 d) 235 

[0153] the transparent substrate. The conductive bodies can thus be 
?xed in place, and moreover the conductive bodies do not 

TABLE 4 separate aWay from the transparent substrate, and as a result 
stable polarization characteristics can be realized. 

EXTINCTION INSERTION 

RATIO LOSS WAVELENGTH [0161] Moreover, according to the polarizing element of 
[dB] [dB] [pm] . . . . 

the present invention, the conductive bodies are formed on 
COMPARATIVE 1 8-9 0-01 1-55 side surfaces of the ?rst recesses provided in the surface of 
EXAMPLE 2 7.5 0.10 1.55 - - 

3 7A 180 155 the transparent substrate. The conduct1ve bodies can thus be 
4 51_1 7_39 155 ?xed in place, and moreover the conductive bodies do not 

[0154] Comparative Example 1: The height H Was loW, 
and hence a sufficient extinction ratio could not be obtained. 

[0155] Comparative Example 2: The spacing d betWeen 
the conductive bodies Was large relative to the Wavelength 
used, and hence a suf?cient extinction ratio could not be 
obtained. 

[0156] Comparative Example 3: The shape parameters of 
the conductive bodies and the physical property value [6] 

separate aWay from the transparent substrate, and as a result 
stable polarization characteristics can be realized. 

[0162] Furthermore, according to the polarizing element 
of the present invention, a dielectric covers the Whole of 
both the surface of the transparent substrate and the thin 
?lm-shaped conductive bodies. The conductive bodies are 
thus protected immovably by the dielectric, and hence do not 
break easily upon being subjected to various external forces 
during subsequent manufacturing steps such as machining 
and assembly. 
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[0163] Moreover, according to the polarizing element of 
the present invention, the polarizing element has a dielectric 
on the surface of the transparent substrate, the dielectric has 
formed therein a plurality of grooves extending parallel to 
one another With a predetermined spacing therebetWeen and 
in a direction orthogonal to the surface of the transparent 
substrate, and the thin-?lm-shaped conductive bodies are 
embedded in the grooves. The conductive bodies can thus be 
?xed in place, and moreover the conductive bodies do not 
separate aWay from the transparent substrate, and as a result 
stable polarization characteristics can be realized. 

[0164] Furthermore, according to the polarizing element 
of the present invention, the folloWing relationships are 
satis?ed: 

1.0 pméle-W-(H/d) 

[0165] Where d represents the predetermined spacing 
betWeen the conductive bodies, H the height of the conduc 
tive bodies, W the Width of the conductive bodies, [6] the 
absolute value of the complex relative permittivity of the 
conductive bodies, 7» the Wavelength of the polarized light, 
and the units of d, W, H and 7» are pm. As a result, yet better 
polarization characteristics can be obtained, With the extinc 
tion ratio being high and the insertion loss being loW. 

[0166] Preferably, according to the polarizing element of 
the present invention, the folloWing relationships are addi 
tionally satis?ed: 

[0167] As a result, still better polarization characteristics 
can be obtained, With the extinction ratio being high and the 
insertion loss being loW. 

[0168] More preferably, according to the polarizing ele 
ment of the present invention, the folloWing relationships 
are additionally satis?ed: 

[0169] As a result, still better polarization characteristics 
can be obtained, With the extinction ratio being high and the 
insertion loss being loW. 

[0170] Furthermore, according to the polarizing element 
of the present invention, the conductive bodies comprise at 
least one selected from the group consisting of gold, silver, 
copper, palladium, platinum, aluminum, germanium, 
rhodium, silicon, nickel, cobalt, manganese, iron, chro 
mium, titanium, ruthenium, niobium, neodymium, ytter 
bium, yttrium, molybdenum, indium and bismuth. By using 
such materials, conductive bodies having relatively high 
conductivity and relative permittivity can be obtained, and 
hence properties of re?ection and absorption of incident 
light can be improved, and thus polarization characteristics 
can be further improved. 

[0171] According to the method of manufacturing a polar 
izing element of the present invention, a polarizing element 
in Which conductive bodies are embedded in a surface of a 
transparent substrate in a manner extending parallel to one 
another With a predetermined spacing therebetWeen can be 
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manufactured. Insertion loss of light incident on the polar 
izing element due to scattering and absorption can thus be 
reduced, and hence good polarization characteristics can be 
obtained. Moreover, the manufacturing process is simple, 
and hence the polarizing element can be manufactured 
inexpensively. 
[0172] Thus, While there have shoWn and described and 
pointed out fundamental novel features of the invention as 
applied to a preferred embodiment thereof, it Will be under 
stood that various omissions and substitutions and changes 
in the form and details of the devices illustrated, and in their 
operation, may be made by those skilled in the art Without 
departing from the spirit of the invention. For example, it is 
expressly intended that all combinations of those elements 
and/or method steps Which perform substantially the same 
function in substantially the same Way to achieve the same 
results are Within the scope of the invention. Moreover, it 
should be recognized that structures and/or elements and/or 
method steps shoWn and/ or described in connection With any 
disclosed form or embodiment of the invention may be 
incorporated in any other disclosed or described or sug 
gested form or embodiment as a general matter of design 
choice. It is the intention, therefore, to be limited only as 
indicated by the scope of the claims appended hereto. 

What is claimed is: 
1. A polarizing element that absorbs a component of a 

speci?c Wavelength from electromagnetic Waves passing 
therethrough and thus produces polarized light, comprising: 

a transparent substrate that has a plurality of ?rst recesses 
formed in a surface of said transparent substrate and 
extending parallel to one another With a predetermined 
spacing therebetWeen in a direction orthogonal to said 
surface of said transparent substrate; and 

thin-?lm-shaped conductive bodies formed on side sur 
faces of said ?rst recesses; 

Wherein the folloWing relationships are satis?ed: 

Where d represents said predetermined spacing betWeen 
said conductive bodies, H a height of said conductive 
bodies, W a Width of said conductive bodies, [6] an 
absolute value of a complex relative permittivity of said 
conductive bodies, and 7» a polarized light Wavelength, 
and units of d, W, and H are um. 

2. The polarizing element as claimed in claim 1, further 
satisfying the relationships: 

0.7d<H§15d, and 

0.06d§W§0.7d. 

3. The polarizing element as claimed in claim 1, further 
satisfying the relationships: 

1.0d<H§10d, and 

0.06d§W§0.5d. 

4. The polarizing element as claimed in claim 1, Wherein 
said thin-?lm-shaped conductive bodies comprise at least 
one selected from the group consisting of gold, silver, 
copper, palladium, platinum, aluminum, germanium, 
rhodium, silicon, nickel, cobalt, manganese, iron, chro 
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mium, titanium, ruthenium, niobium, neodymium, ytter 
bium, yttrium, molybdenum, indium and bismuth. 

5. A polarizing element that absorbs a component of a 
speci?c Wavelength from electromagnetic Waves passing 
therethrough and thus produces polarized light, comprising: 

a transparent substrate; 

a plurality of thin-?lm-shaped conductive bodies arranged 
on a surface of said transparent substrate and extending 
parallel to one another With a predetermined spacing 
therebetWeen and in a direction orthogonal to said 
surface of said transparent substrate; and 

a dielectric material that covers the Whole of both said 
surface of said transparent substrate and said thin-?lm 
shaped conductive bodies; 

Wherein the folloWing relationships are satis?ed: 

Where d represents said predetermined spacing betWeen 
said conductive bodies, H a height of said conductive 

11 
Jan. 24, 2008 

bodies, W a Width of said conductive bodies, \e‘ an 
absolute value of a complex relative permittivity of said 
conductive bodies, and 7» a polarized light Wavelength, 
and units of d, W, and H are um. 

6. The polarizing element as claimed in claim 5, further 
satisfying the relationships: 

7. The polarizing element as claimed in claim 5, further 
satisfying the relationships: 

8. The polarizing element as claimed in claim 5, Wherein 
said thin-?lm-shaped conductive bodies comprise at least 
one selected from the group consisting of gold, silver, 
copper, palladium, platinum, aluminum, germanium, 
rhodium, silicon, nickel, cobalt, manganese, iron, chro 
mium, titanium, ruthenium, niobium, neodymium, ytter 
bium, yttrium, molybdenum, indium and bismuth. 


