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STRUCTURES FOR POLARIZATION AND BEAM 
CONTROL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 
ll9(e)(l) to US. Provisional Application No. 60/636,303, 
entitled “MULTILAYER STRUCTURES FOR POLAR 
IZATION AND BEAM CONTROL,” and ?led on Dec. 15, 
2004, the entire contents of Which are incorporated herein by 
reference. 

TECHNICAL FIELD 

[0002] This disclosure relates to optical devices and sys 
tems that use optical devices. 

BACKGROUND 

[0003] Optical devices and systems are commonly used 
Where manipulation of light is desired. Examples of optical 
devices include lenses, polarizers, optical ?lters, antire?ec 
tion ?lms, optical retarders (e.g., Waveplates), and beam 
splitters (e.g., polarizing and non-polarizing beam splitters). 
Sub-Wavelength structures may be used to control properties 
of optical beams such as polarization. Articles that are 
sensitive to the polarization of a beam may include sub 
Wavelength structure. 

SUMMARY 

[0004] In general, in one aspect, the invention features 
articles that include a ?rst layer including a plurality of roWs 
of a ?rst material extending along a ?rst direction, the roWs 
being spaced apart from each other and a center of each 
adjacent roW being separated by a distance less than a 
Wavelength 7», and a second layer supported by the ?rst layer, 
the second layer comprising a second material, Wherein the 
?rst layer is con?gured to transmit about 50% or more of 
radiation of wavelength 7» having a ?rst polarization state 
incident on the ?rst layer along a path and to specularly 
re?ect about 80% or more of radiation of wavelength 7» 
having a second polarization state incident on the ?rst layer 
along the path, the ?rst and second polarization states being 
orthogonal, and the second layer is con?gured so that the 
article specularly re?ects about 10% or less of the radiation 
of wavelength 7» having the second polarization incident on 
the article along the path, Where the path intersects the ?rst 
and second layers. 

[0005] Embodiments of the articles may include one or 
more of the folloWing features and/or features of other 
aspects. 

[0006] The second layer can include a plurality of portions 
including the second material, the portions being spaced 
apart from each other and a center of each adjacent portion 
being separated by a distance more than about 7» (e.g., more 
than about 27», more than about 57», more than about 107»). 
The second layer can include a plurality of portions includ 
ing the second material, the portions being spaced apart from 
each other and a center of each adjacent portion being 
separated by a distance less than about 507». (e.g., less than 
about 407», less than about 307», less than about 207»). The 
plurality of portions of the second material can extend along 
a second direction. Portions that include the second material 
can be roWs that extend along the second direction. The roWs 
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that include the second material can have a rectangular or 
trapezoidal pro?le. The portions including the second mate 
rial can be periodically spaced in a direction perpendicular 
to the second direction. 

[0007] The roWs including the second material have a 
Width of about 1 pm or more (e.g., about 2 pm or more, about 
5 pm or more). In some embodiments, the roWs including the 
second material have a Width of about 10 pm or less (e.g., 
about 8 um or less). 

[0008] The center of adjacent portions can be separated by 
a distance of about 1 pm or more (e.g., about 2 pm or more, 
about 3 pm or more, about 4 pm or more, about 5 pm or 
more). In some embodiments, the center of adj acent portions 
are separated by a distance of about 50 pm or less (e.g., 
about 40 pm or less, about 30 pm or less, about 20 pm or 

less). 
[0009] The plurality of portions in the second layer can 
each include a plurality of roWs of the second material 
extending along the ?rst direction, the roWs of the second 
material being spaced apart from each other and a center of 
each adjacent roW being separated by a distance less than 7». 
The center of each adjacent roW of the second material can 
be separated by a distance of about 400 nm or less (e.g., 
about 300 nm or less, about 250 nm or less, about 200 nm 
or less, about 180 nm or less, about 160 nm or less). In some 
embodiments, the center of each adjacent roW of the second 
material is separated by a distance in a range from about 70 
nm to about 300 nm. The roWs of the ?rst material in the ?rst 
layer can be continuous With the roWs of the second material 
in the second layer. 

[0010] The second layer can have a thickness of about 
1,000 nm or less (e.g., about 800 nm or less, about 600 nm 
or less, about 500 nm or less, about 400 nm or less, about 
300 nm or less, about 200 nm or less). In certain embodi 
ments, the second layer has a thickness of about 10 nm or 
more (e. g., about 20 nm or more, about 30 nm or more, about 
40 nm or more, about 50 nm or more, about 60 nm or more, 

about 70 nm or more, about 80 nm or more). 

[0011] The ?rst and second materials can be the same or 
different. The second material can be a dielectric material. In 
some embodiments, the second material includes at least one 
material selected from a group including SiO2, SiNX, Si, 
A1203, ZrO2, Ta2O5, TiO2, HfO2, Nb2O5, and MgF2. In 
certain embodiments, the second material is a metallic 
material. The second material can include at least one metal 
selected from the group including Al, Au, Ag, Cr and Cu. 

[0012] Portions of the second layer betWeen the portions 
including the second material can include a third material 
different from the second material. The third material can be 
a dielectric material. The third material can be a nanolami 
nate material. In some embodiments, the second material is 
a metallic material. The third material can have a refractive 
index at 7» that is approximately equal to an effective 
refractive index of the roWs comprising the second material 
for radiation of wavelength 7» having the second polarization 
state propagating along the axis. In certain embodiments, the 
second layer is a continuous layer. 

[0013] The second layer can be con?gured so that the 
article specularly re?ects about 8% or less (e.g., about 5% or 
less, about 4% or less, about 3% or less, about 2% or less) 
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of the radiation of Wavelength 7» having the second polar 
iZation incident on the article along the path. 

[0014] The roWs of the ?rst material can be periodically 
spaced in a direction orthogonal to the ?rst direction. 

[0015] The ?rst material can be a dielectric material. In 
some embodiments, the ?rst material includes at least one 
material selected from a group including SiO2, SiNX, Si, 
A1203, ZrO2, Ta2O5, TiO2, HfO2, Nb2O5, and MgF2. The 
?rst material can be a nanolaminate material. 

[0016] In certain embodiments, the ?rst material is a 
metallic material. The ?rst layer can include a plurality of 
roWs of a dielectric material extending along the ?rst direc 
tion, the roWs of the dielectric material alternating With the 
roWs of the ?rst material. The ?rst material can include at 
least one metal selected from the group including Al, Au, 
Ag, Cr and Cu. 

[0017] The roWs of the ?rst material can have a Width of 
about 200 nm or less (e.g., about 150 nm or less, about 100 
nm or less, about 80 nm or less, about 60 nm or less, about 
50 nm or less). In some embodiments, the roWs of the ?rst 
material have Width in a range from about 50 nm to about 
200 nm. Each adjacent roWs of the ?rst material are sepa 
rated by a trench having a Width in a range from about 50 nm 
to about 300 nm. 

[0018] The ?rst layer can have a thickness of about 10 nm 
or more (e.g., about 20 nm or more, about 50 nm or more, 
about 70 nm or more, about 100 nm or more). In certain 
embodiments, the ?rst layer has a thickness of about 1,000 
nm or less (e.g., about 800 nm or less, about 600 nm or less, 
about 500 nm or less, about 400 nm or less). The ?rst and 
second layers can have a combined thickness of about 5 pm 
or less (e.g., about 3 pm or less, about 2 pm or less, about 
1 um or less, about 800 nm or less, about 500 nm or less). 

[0019] The article can include a third layer betWeen the 
?rst layer and the second layer. The third layer can include 
the ?rst material. The roWs of the ?rst material in the ?rst 
layer can be continuous With the ?rst material in the third 
layer. The ?rst and second layers can be separated by a 
distance of about 5 pm or less (e.g., about 3 pm or less, about 
2 pm or less, about 1 pm or less, about 800 nm or less, about 
500 nm or less). 

[0020] The ?rst layer can be a continuous layer. 

[0021] The roWs of the ?rst material can have a rectan 
gular, trapeZoidal, oval, or convex hull pro?le. 

[0022] The ?rst layer can transmit about 80% or more 
(e.g., about 90% or more, about 95% or more) of radiation 
of Wavelength 7» having the ?rst polariZation state incident 
on the layer along the path. The ?rst the layer can block 
about 90% or more (e.g., about 95% or more, about 98% or 
more, about 99% or more) of radiation of Wavelength 7» 
having the second polariZation state incident on the layer 
along the path. 

[0023] The ?rst and second polariZation states can be 
linear polariZation states. The ?rst and second polariZation 
states can be TM and TE polariZation states, respectively. 7» 
can be betWeen about 150 nm and about 5,000 nm (e.g., 
betWeen about 400 nm and about 700 nm, betWeen about 
1,200 nm and about 1,700 nm). 
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[0024] The ?rst layer can transmit about 50% or more of 
radiation of Wavelength 7» having a ?rst polariZation state 
incident on the layer along a path and the layer blocks about 
80% or more of radiation of Wavelength 7»' having a second 
polariZation state incident on the layer along the path, 
Wherein ]7»-7»'] is about 50 nm or more (e. g., about 100 nm or 
more, about 150 nm or more, about 200 nm or more, about 

250 nm or more, about 300 nm or more). 

[0025] The article can further include a substrate, Wherein 
the ?rst layer is supported by the substrate. The substrate can 
be a planar substrate. The substrate can include a layer of an 
inorganic glass material. The article can further include an 
anti-re?ection ?lm supported by the substrate. 

[0026] In a further aspect, the invention features an appa 
ratus including a Faraday rotator and the article positioned 
relative to the Faraday rotator so that the path intersects the 
Faraday rotator. The Faraday rotator can rotate incident 
radiation having the ?rst polariZation state propagating 
along the path by an amount betWeen about 300 and about 
600 (e.g., by about 45°). The apparatus can include a 
polariZer, Wherein the Faraday rotator is positioned betWeen 
the article and the polariZer. In certain embodiments, the 
apparatus includes an optical isolator including the Faraday 
rotator and the article. The apparatus can also include a 
source (e.g., a laser source) of radiation at 7». 

[0027] In general, in another aspect, the invention features 
articles that include a ?rst layer supported by the substrate, 
the ?rst layer including a plurality of roWs of a ?rst material 
extending along a ?rst direction, the roWs being spaced apart 
from each other and a center of each adjacent roW being 
separated by a distance less than a Wavelength 7», Wherein 
the ?rst layer is con?gured to transmit about 50% or more 
of radiation of Wavelength 7» having a ?rst polariZation state 
incident on the ?rst layer along a path and to specularly 
re?ect about 80% or more of radiation of Wavelength 7» 
having a second polariZation state incident on the ?rst layer 
along the path, the ?rst and second polariZation states being 
orthogonal, and a second layer supported by the ?rst layer, 
the second layer including a plurality of roWs that include a 
second material extending along a second direction, the 
roWs being spaced apart from each other and a center of each 
adjacent roW being separated by a distance more than 7», 
Wherein 7» is in a range from about 150 nm to about 5,000 
nm. 

[0028] Embodiments of the articles can include one or 
more of the folloWing features and/or features of other 
aspects. 

[0029] For example, the portions that include the second 
material can extend along a second direction. The second 
direction can be parallel to the ?rst direction. The portions 
can be roWs extending along the second direction. The 
plurality of portions in the second layer each can include a 
plurality of roWs of the ?rst material extending along the ?rst 
direction, the roWs of ?rst material being spaced apart from 
each other and a center of each adjacent roW being separated 
by a distance less than 7». 

[0030] In general, in another aspect, the invention features 
articles that include a ?rst layer including a plurality of roWs 
of a ?rst material extending along a ?rst direction, the roWs 
being spaced apart from each other and a center of each 
adjacent roW being separated by a distance less than a 
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Wavelength 7», and a second layer supported by the ?rst layer, 
the second layer including a plurality of portions that include 
a second material extending along a second direction, the 
portions being spaced apart from each other and a center of 
each adjacent portion being separated by a distance more 
than 7», Wherein the plurality of portions in the second layer 
each include a plurality of roWs of the second material 
extending along the ?rst direction, the roWs of the second 
material being spaced apart from each other and a center of 
each adjacent roW being separated by a distance less than 7», 
and Wherein 7» is in a range from about 150 nm to about 
5,000 nm. Embodiments of the articles can include one or 
more of the features of other aspects. 

[0031] In general, in a further aspect, the invention fea 
tures articles that include a ?rst layer including a plurality of 
roWs of a ?rst material extending along a ?rst direction, the 
roWs being spaced apart from each other and a center of each 
adjacent roW being separated by a distance less than a 
Wavelength 7», Wherein the ?rst layer is con?gured to trans 
mit about 50% or more of radiation of Wavelength 7» having 
a ?rst polarization state incident on the ?rst layer along a 
path and to specularly re?ect about 80% or more of radiation 
of Wavelength 7» having a second polarization state incident 
on the ?rst layer along the path, the ?rst and second 
polarization states being orthogonal, and a second layer 
supported by the ?rst layer, the second layer including a ?rst 
plurality of roWs that include a second material and a second 
plurality of roWs of a third material different from the second 
material, Where roWs of the ?rst plurality alternate With roWs 
of the second plurality and a center of each adjacent roW of 
the ?rst plurality is separated by a distance more than 7», 
Wherein 7» is in a range from about 150 nm to about 5,000 
nm. Embodiments of the articles can include one or more of 

the features of other aspects. 

[0032] In general, in another aspect, the invention features 
articles that include a layer including a plurality of portions 
that include a metallic material, the plurality of portions 
being spaced apart from each other so each portion is spaced 
from an adjacent portion by a distance in a range from about 
1 um to about 50 um, Wherein the metallic material in each 
portion is arranged in a plurality of roWs extending along a 
?rst direction, the metallic roWs being spaced apart from 
each other and a center of each roW being spaced about 500 
nm or less from an adjacent roW. 

[0033] Embodiments of the articles can include one or 
more of the folloWing features and/or features of other 
aspects. 

[0034] For example, spaces betWeen adjacent portions can 
be ?lled With a ?rst dielectric material. Spaces betWeen 
adjacent metallic roWs can be ?lled With a second dielectric 
material. The ?rst and second dielectric materials can be the 
same. The ?rst dielectric material can have a refractive index 
at a Wavelength 7» that is approximately equal to an effective 
refractive index of the portions of metallic material for 
radiation of Wavelength 7» having being polarized parallel to 
the ?rst direction, Where 7» is in a range from about 150 nm 
to about 5,000 nm. The ?rst dielectric material can be a 
nanolaminate material. 

[0035] In general, in a further aspect, the invention fea 
tures methods that include forming a layer including a 
plurality of roWs of a ?rst material extending along a ?rst 
direction, the roWs being spaced apart from each other and 
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a center of each adjacent roW being separated by a distance 
less than a Wavelength 7», and removing portions of the roWs 
of the ?rst material to form a plurality of trenches in the 
layer, the trenches having a Width of about 7» or more, Where 
7» is in a range from about 150 nm to about 5,000 nm. 

[0036] Implementations of the methods can include one or 
more of the folloWing features and/or features of other 
aspects. 

[0037] The method can further include depositing a sec 
ond material in the plurality of trenches. The second material 
can be deposited using atomic layer deposition. The ?rst and 
second materials can be different. The ?rst material can be 
a metallic material and the second material can be a dielec 
tric material. 

[0038] The portions of the ?rst layer can be removed by 
etching (e.g., reactive ion etching) the ?rst layer. The ?rst 
material can be a metallic material. 

[0039] The trenches can have a depth less than a thickness 
of the layer. The trenches can be periodically spaced along 
at least one direction. The trenches can be periodically 
spaced along a direction perpendicular to the ?rst direction. 

[0040] In general, in a further aspect, the invention fea 
tures articles that include a layer including a plurality of 
roWs of a ?rst material extending along a ?rst direction, the 
roWs being spaced apart from each other and a center of each 
adjacent roW being separated by a distance less than a 
Wavelength 7» so that for radiation of Wavelength 7» propa 
gating along a path through the layer, the layer has a ?rst 
effective index of refraction, n1, for the radiation having a 
?rst polarization state and the layer has second effective 
index of refraction, n2, for the radiation having a second 
polarization state orthogonal to the ?rst polarization state, 
Where nl and n2 are different, and a plurality of trenches 
formed in a surface of the layer, the trenches extending along 
a second direction and being spaced apart from each other, 
Where a center of each adjacent trench is separated by a 
distance more than Wavelength 7», and the trenches are ?lled 
With a second material having a refractive index, n3, differ 
ent from n2. 

[0041] Embodiments of the articles can include one or 
more of the folloWing features and/or features of other 
aspects. 

[0042] For example, the article can be con?gured so that 
for radiation having Wavelength 7» incident on the layer 
along the path, the article transmits about 50% or more of the 
incident radiation having the ?rst polarization state along a 
?rst direction and transmits about 50% or more of the 
incident radiation having the second polarization state along 
one or more directions non-parallel to the ?rst direction. The 
articles can be con?gured to dilfract about 50% or more of 
radiation having Wavelength 7» and the second polarization 
state incident on the article along the path into one or more 
non-zero diffraction orders. The article can be con?gured to 
dilfract about 10% or less (e.g., about 8% or less, about 5% 
or less) of radiation having Wavelength 7» and the ?rst 
polarization state incident on the article along the path into 
one or more non-zero diffraction orders. The article can be 

con?gured to transmit substantially all of the radiation 
having Wavelength 7» and the ?rst polarization state incident 
on the article along the path along the zero order diffraction 
direction. 
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[0043] The center of each adjacent trench can be separated 
by a distance of about 27» or more (e.g., about 3% or more, 
about 47» or more, about 5% or more). The center of each 
adjacent trench can be separated by a distance of about 207» 
or less (e.g., about 157» or less, about 107» or less). 

[0044] The center of each adjacent trench can be separated 
by a distance of about 0.5 pm or more (e.g., about 1 pm or 
more, about 2 um or more, about 3 pm or more, about 5 pm 
or more). In some embodiments, the center of each adjacent 
trench is separated by a distance of about 20 um or less (e.g., 
about 15 pm or less, about 10 pm or less, about 8 um or less). 

[0045] The roWs of the ?rst material can be periodically 
spaced in a direction orthogonal to the ?rst direction. The 
center of each adjacent roW of the ?rst material can be 
separated by a distance of about 400 nm or less (e.g., about 
300 nm or less, about 200 nm or less, about 150 nm or less). 
In some embodiments, the center of each adjacent roW of the 
?rst material is separated by a distance in a range from about 
70 nm to about 300 nm. 

[0046] The roW of the ?rst material can have a rectangular, 
trapezoidal, oval, or convex hull pro?le. 

[0047] The ?rst and second directions can be non-parallel. 
For example, the ?rst and second directions can be substan 
tially orthogonal to each other. 

[0048] The layer can be form-birefringent for radiation at 
Wavelength 7» and n1 can correspond to either the ordinary or 
extraordinary refractive index of the layer. 113 can be 
approximately equal to nl. 

[0049] The ?rst material can be a dielectric material. In 
some embodiments, the ?rst material can include at least one 
material selected from a group that includes SiO2, SiNX, Si, 
A1203, ZrO2, Ta2O5, TiO2, HfO2, Nb2O5, and MgF2. The 
?rst material can be a nanolaminate material. 

[0050] The second material can be a dielectric material. In 
some embodiments, the second material includes at least one 
material selected from a group consisting of SiO2, SiNX, Si, 
A1203, ZrO2, Ta2O5, TiO2, HfO2, Nb2O5, and MgF2. The 
second material can be a nanolaminate material. 

[0051] The surface including the trenches can have a 
rectangular, trapezoidal, oval, or convex hull pro?le. 

[0052] 7» can be in a range from about 150 nm to about 
5,000 nm (e.g., from about 400 nm to about 700 nm, from 
about 1,200 nm to about 1,700 nm). 

[0053] The layer can include a plurality of roWs of a third 
material extending along the ?rst direction, the roWs of the 
third material alternating With the roWs of the ?rst material 
and the ?rst and third materials being di?cerent. The third 
material can have a refractive index at 7» that is di?cerent from 
n1. The third material can be a dielectric material. 

[0054] The ?rst and second polarization states can be 
linear polarization states. 

[0055] The layer can have a thickness, t, that is about 1 pm 
or less (e.g., e.g., about 800 nm or less, about 600 nm or less, 
about 500 nm or less, about 400 nm or less). The trenches 
can have a depth, d, less than a thickness, t, of the layer. 

[0056] The article can include a substrate that supports the 
layer. The substrate can be a planar substrate. The substrate 
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can include an inorganic glass material. In some embodi 
ments, the substrate is substantially transparent for radiation 
having Wavelength 7». 

[0057] The article can include an anti-re?ection ?lm sup 
ported by the substrate. 

[0058] In another aspect, the invention features apparatus 
that include a ?rst element comprising an article and a 
second element comprising an article Wherein the elements 
are con?gured so that the apparatus splits an incident beam 
at Wavelength 7» into a pair of beams that emerge from the 
apparatus spatially separated from one another and propa 
gating along substantially parallel paths. The pair of beams 
can be substantially polarized orthogonal to each other. 

[0059] In general, in a further aspect, the invention fea 
tures articles that include a layer including a plurality of 
roWs of a composite material alternating with roWs of a 
second material, the roWs of the composite material and the 
roWs of the second material being arranged to form a 
di?craction grating, Where the di?craction grating has a period 
greater than a Wavelength 7» and the composite material is 
form-birefringent for radiation at Wavelength 7». 

[0060] Embodiments of the articles can include one or 
more of the folloWing features and/or features of other 
aspects. For example, the second material can have a refrac 
tive index at 7» approximately equal to either the ordinary or 
extraordinary refractive index of the composite material at 7». 

[0061] In general, in another aspect, the invention features 
articles that include a polarizing beam splitter including a 
layer of a material that is form birefringent for radiation 
having a Wavelength 7», Wherein the polarizing beam splitter 
is con?gured so that for radiation having Wavelength 7» 
incident on the polarizing beam splitter along a path, the 
polarizing beam splitter transmits about 50% or more of the 
incident radiation having a ?rst polarization state along a 
?rst direction and transmits about 50% or more of the 
incident radiation having a second polarization state along 
one or more directions non-parallel to the ?rst direction, 
Where the ?rst and second polarization states are orthogonal. 

[0062] Embodiments of the articles can include one or 
more of the folloWing features and/or features of other 
aspects. 

[0063] The polarizing beam splitter can transmit about 
80% or more of the incident radiation having the ?rst 
polarization state along the ?rst direction. The polarizing 
beam splitter can transmit about 80% or more of the incident 
radiation having the second polarization state along the one 
or more directions non-parallel to the ?rst direction. The 
polarizing beam splitter can transmit about 80% or more of 
the incident radiation having the second polarization state 
along a single of the directions non-parallel to the ?rst 
direction. 

[0064] The layer of the material can be in the form of a 
di?craction grating for radiation having Wavelength 7». The 
?rst direction can correspond to zeroth order di?craction of 
the di?craction grating. The one or more directions non 
parallel to the ?rst direction can correspond to non-zero 
order di?craction of the di?craction grating. 

[0065] Among other advantages, embodiments can pro 
vide Wire-grid polarizers that have reduced specular re?ec 
tivity of block state radiation. The reduction in specular 



US 2006/0127830 A1 

re?ectivity of block state radiation can be achieved Without 
substantially affecting the polarizer’s transmission of the 
pass state radiation. In some embodiments, the Wire-grid 
polarizers can operate in the visible portion of the electro 
magnetic spectrum. The Wire-grid polarizers can be broad 
band polarizers. 

[0066] Embodiments also include transmissive polarizing 
beam splitters formed using a form-birefringent medium. 
The polarizing beam splitters operate by transmitting 
orthogonal polarization components of an incident beam 
along different paths. 

[0067] Embodiments such as Wire-grid polarizers and/or 
transmissive polarizing beam splitters can have a relatively 
compact form-factor, being formed as thin ?lms on a sub 
strate. Embodiments include monolithic layers having dif 
fractive and/or sub-Wavelength structure, providing 
mechanically robust devices. Furthermore, additional layers 
can be formed over the monolithic layers, providing com 
pound devices. Large numbers of small components may be 
e?iciently manufactured by, e.g., forming a large area device 
and dicing it into many smaller devices. 

[0068] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Other features and advantages of the 
invention Will be apparent from the description and draW 
ings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0069] FIG. 1A is a cross-sectional vieW of an embodi 
ment of a re?ective polarizer that includes a sub-Wavelength 
grating layer and a di?‘ractive layer. 

[0070] FIG. 1B is a cross-sectional vieW of a portion of 
the sub-Wavelength grating layer and the di?‘ractive layer of 
the re?ective polarizer shoWn in FIG. 1A. 

[0071] FIG. 2A is a cross-sectional vieW of an embodi 
ment of a transmissive polarizer that includes a sub-Wave 
length grating layer and a di?‘ractive layer. 

[0072] FIG. 2B is a cross-sectional vieW of another 
embodiment of a transmissive polarizer that includes a 
sub-Wavelength grating layer and a di?‘ractive layer. 

[0073] FIG. 3 is a perspective vieW of an embodiment of 
a polarizer that includes a sub-Wavelength grating layer and 
a di?‘ractive layer. 

[0074] FIG. 4 is a plan vieW of another embodiment of a 
di?‘ractive layer. 

[0075] FIG. 5 is a plan vieW of another embodiment of a 
di?‘ractive layer. 

[0076] FIG. 6 is a plan vieW of yet another embodiment 
of a di?‘ractive layer. 

[0077] FIG. 7 is a cross-sectional vieW of an embodiment 
of a polarizer that includes a sub-Wavelength grating layer 
and a di?‘ractive layer. 

[0078] FIG. 8 is a cross-sectional vieW of an embodiment 
of a polarizer that includes a sub-Wavelength grating layer, 
a di?‘ractive layer, and another layer disposed betWeen the 
sub-Wavelength grating layer and di?‘ractive layer. 
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[0079] FIG. 9A is a perspective vieW of an embodiment of 
a polarizer that includes a sub-Wavelength grating layer and 
a di?‘ractive layer. FIGS. 9B and 9C are plan vieWs of the 
di?‘ractive and sub-Wavelength grating layers, respectively, 
of the polarizer shoWn in FIG. 9A. 

[0080] FIG. 10 is a schematic diagram of an embodiment 
of a polarizer that includes tWo di?‘ractive structures offset 
from one another. 

[0081] FIGS. 11A-I shoW steps in the manufacture of a 
sub-Wavelength structured layer. 

[0082] FIG. 12 is a schematic diagram of an embodiment 
of a Walk-off polarizing beamsplitter. 

[0083] FIG. 13 is a schematic diagram of an embodiment 
of a polarizer device that includes a re?ective polarizer. 

[0084] FIG. 14 is a schematic diagram of an embodiment 
of a liquid crystal display that includes a re?ective polarizer. 

[0085] FIG. 15 is a schematic diagram of an embodiment 
of an optical isolator. 

[0086] FIG. 16 is a schematic diagram of an embodiment 
of an optical system including an optical isolator. 

[0087] FIG. 17 is a plot shoWing a modeled transmission 
spectrum for an example embodiment of a polarizer. 

[0088] FIG. 18 is a plot shoWing a modeled re?ection 
spectrum for the example embodiment of a polarizer. 

[0089] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0090] The disclosure generally relates to articles that are 
sensitive to and can be used to control properties of elec 
tromagnetic (EM) radiation, such as the polarization and/or 
direction of beams incident on the articles. Examples of EM 
radiation include the visible region of the EM spectrum, the 
infrared region, the microWave region, the radioWave 
region, and/or other regions. In some embodiments, the 
articles can be sensitive to and/or can be used to control the 
properties of incident radiation in more than one region of 
the EM spectrum. In general, the articles can be used to 
control properties of incident radiation at one or more 
Wavelengths (including a Wavelength 7»), and typically 
include structural features that di?‘ract light at 7», as Well as 
sub-Wavelength structural features. Generally, the structural 
features that di?‘ract light at 7» are of similar size or larger 
than 7». In embodiments, surfaces With di?‘ractive structural 
features may be covered With a material that reduces the 
optical effects of the di?‘ractive structural features for at least 
one polarization state of incident radiation at 7». 

[0091] Referring to FIGS. 1A and 1B, a re?ective polar 
izer 10 includes a sub-Wavelength grating layer 14 and a 
di?‘ractive layer 16. Sub-Wavelength grating layer 14 has 
alternating portions 20 and 22 Which form a sub-Wavelength 
structure for radiation at 7». Portions 20 are formed from a 
material that is substantially transmissive at 7» While portions 
22 are formed from a material that is substantially not 
transmissive at 7». For example, embodiments designed for 
operation in the visible or IR regions, portions 20 may be 
formed from a dielectric material and portions 22 can be 
formed from a metal. The sub-Wavelength structure of layer 
























