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PLASMONIC MULTICOLOR 
META-HOLOGRAM 

BACKGROUND OF THE INVENTION 

0001 Field of the Invention 
0002 The present invention relates to an optical compo 
nent, and more particularly, to a phase-modulated optical 
component based on a nanoplasmonic structure. 
0003. Description of the Prior Art 
0004 Optical components made of plasmonic metama 

terials relate to the technical fields of nanomaterials and 
nanophotonics. Basically, a plasmonic metamaterial utilizes 
the anomalous optical phenomenon which is generated when 
resonance occurs for the electrons in a metal nanostructure. 
Particular applications of plasmonic metamaterials include 
realizations of, for example, negative index materials, Super 
lenses, phase modulation, holograms, etc. 
0005 For example, plasmonic metasurfaces utilize cus 
tom Sub-wavelength nanostructures on metasurfaces to 
modulate the phase of incident light (i.e., the electromag 
netic wave), so that wavefronts of electromagnetic waves 
can be altered. 
0006 For further example, a published article (D. P. Tsai 
et al. “High-Efficiency Broadband Anomalous Reflection by 
Gradient Meta-Surfaces.” Nano Letters, 2012) disclosed an 
example of a phase-modulated optical component consisting 
of a gold nanostructure, MgF2 and a gold-mirror. This 
optical component is capable of achieving phase modulation 
to a large extent for operating wavelengths in the near 
infrared. However, it does not perform so well for reso 
nances with other wavelengths, and cannot achieve wave 
length division multiplexing nor display in three primary 
colors. 

SUMMARY OF THE INVENTION 

0007 To enable optical components based on nanoplas 
monic structures to be further applied to applications with 
shorter wavelengths and achieve display in three primary 
colors, an object of the present invention is to provide an 
optical component including: a dielectric layer and a pri 
mary nanorod array formed thereon. The primary nanorod 
array is formed on the dielectric layer to define a pixel, and 
is composed of a plurality of nanorod Sub-arrays arranged in 
two-dimensional arrays. Each nanorod Sub-array is com 
posed of a plurality of nanorods arranged in two-dimen 
sional arrays, and the nanorods within a same nanorod 
Sub-array are rectangular rods of the same shape. Each 
nanorod has a width and a length, and the length direction 
serves as the direction of that nanorod. All the nanorods 
within a single nanorod Sub-array have the same length and 
are of the same direction. Moreover, among the plurality of 
nanorod Sub-arrays which belong to a single pixel, at least 
three nanorod Sub-arrays are composed of nanorods having 
different lengths. The single pixel includes at least two 
nanorod Sub-arrays along a width direction thereof, and at 
least two nanorod Sub-arrays along a length direction 
thereof. The nanorods are made of metal which has a 
relatively higher plasma resonance, so that a broader oper 
ating wavelength range can be achieved to cover shorter 
wavelengths of the spectrum. 
0008. The present invention further provides a display 
apparatus based on the aforementioned optical component. 
The display apparatus according to the present invention 
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includes a light source and the aforementioned optical 
component. The light source emits polarized light to the 
optical component, which projects an image in response to 
the incident polarized light. The pattern of the image is 
relevant to the arrangement of the pixels, and the colors of 
the image are determined by the light source and the lengths 
of the nanorods within the nanorod sub-arrays of the pixels. 
0009. These and other features and advantages will be 
more apparent from the following detailed description of the 
embodiments and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The patent or application file contains at least one 
color drawing. Copies of this patent or patent application 
publication with color drawing will be provided by the 
USPTO upon request and payment of the necessary fee. 
0011 FIG. 1 illustrates schematics used to derive the 
generalized Snell's law. 
0012 FIG. 2 shows an exemplary resonant unit of a 
nanoscale optical component according to the present inven 
tion. 
0013 FIG. 3A is a schematic view showing a primary 
nanorod array and nanorod Sub-arrays of the nanoscale 
optical component according to the present invention. 
0014 FIG. 3B is an SEM image of a surface array of the 
nanoscale optical component composed of the resonant units 
shown in FIG. 2, and A represents a side length of a pixel. 
0015 FIGS. 4(a) to 4(c) illustrate reflectance and phase 
distribution of the nanoscale optical component according to 
the invention, both of which vary in accordance with the 
nanorod lengths (L) and the wavelengths. 
0016 FIG. 5 is a schematic view showing an image 
reconstruction system used to reconstruct images recorded 
with the nanoscale optical component according to the 
invention. 
(0017 FIGS. 6(a) to 6(c) illustrate a series of recon 
structed images based on the nanoscale optical component 
according to the invention; the images are reconstructed by 
y-polarized light beams (including beams from red, green 
and blue light sources). 
0018 FIGS. 6(d) to 6(f) illustrate a series of reconstructed 
images based on the nanoscale optical component according 
to the invention; the images are reconstructed by y-polar 
ized, 45°-polarized and X-polarized light beams respectively. 
(0019 FIGS. 7(a) to 7(c) illustrate relations between 
reflectance and nanorod length over various operating wave 
lengths with respect to the nanoscale optical component 
according to the invention, as well as the reflective images 
in SEM images. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0020. The nanoscale optical component exemplified in 
the present invention is a type of metasurface. In general, 
Such metasurface has a plurality of metal nanostructures 
periodically arranged thereon, and the design and arrange 
ment of those metal nanostructures are mostly related to 
phase modulation for electromagnetic waves. When an 
incident electromagnetic wave arrives at the metasurface, 
the metal nanostructure thereof is then excited and a plas 
mon resonance occurs, which causes the metal nanostructure 
to further radiate an electromagnetic wave. Compared to the 
incident wave, the radiated electromagnetic wave from the 
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excited metal nanostructure has been altered in intensity and 
phase and is propagating in accordance with the generalized 
Snell's Law. 
0021 Generalized Snell's Law 
0022. With reference to FIG. 1, as far as a metasurface is 
concerned, an artificial structure (such as the metal nano 
structure according to the present invention) configured on 
an interface defined between two mediums is capable of 
providing phase modulation for electromagnetic waves. 
Assuming that two incident rays arriving at the interface 
with phase shift are respectively denoted as db and d+dd, 
wherein dB represents a function of position X, the incident 
ray propagated from position A to position B can be pre 
sented as the following equation: 

kon; sin 6;dX + (d+ dop) - Ikonsin 6 + d = 0 (1) 

Ao did 
=> sin(6)n, - sin(0)n: = (). 

where 0, and 0, respectively denote the angle of refraction 
and the angle of reflection, while n, and n, respectively 
denote the index of refraction in the incident medium and the 
index of refraction in the refracting medium. 
0023. Similarly with Eq. (1), under the same interface 
between the incident medium and the refracting medium, the 
incident ray, its relevant reflection ray (with an angle of 
reflection 0) and their relation can be presented as the 
following equation: 

dod 2 
sin(6) - sin(0) = (ii) . (2) 

0024. Eq. (2) can be further manipulated by multiplying 
a wave vector of incident wave, k, to both sides of the 
equation, Such that Eq. (2) is then transferred into a rela 
tionship showing the wave vector conversation in the hori 
Zontal direction extending along the interface. The trans 
ferred equations are shown as below: 

kra = kia + (3.1) 

ki = kisin 6: (3.2) 

k = kisin 6 (3.3) 

dod (3.4) g = n() 

I0025 where k, denotes the horizontal momentum of the 
reflection ray along the X direction, k, denotes the hori 
Zontal momentum of the incident ray along the X direction, 
and S denotes a value associated with the change rate of the 
phase and which is also associated with the distance change 
at the interface (i.e. ddd/dx). In other words, according to 
Eqs. (3), if the change rate of the phase along a horizontal 
direction (e.g. X direction) is not Zero at the interface 
between two heterogeneous mediums, the horizontal com 
ponent of the wave vector of the reflection ray can be a sum 
of the horizontal component of the wave vector of the 
incident ray and the horizontal momentum associated with 
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the interface structure. As a result, the incident angle does 
not equal the reflection angle, and anomalous reflection 
OCCU.S. 

0026. However, for a metasurface, both common reflec 
tion and anomalous reflection induced by an incident elec 
tromagnetic wave may occur simultaneously. In the follow 
ing exemplified embodiments, unless otherwise indicated, 
the reflections as described all refer to anomalous reflections 
caused by the nanoscale optical component according to the 
invention. 
0027 Design of the Nanoscale Optical Component 
0028. With references to FIG. 2 and FIGS. 3A to 3B, a 
nanoscale optical component according to one embodiment 
of the invention with its stacked structure and array arrange 
ments are provided. FIG. 2 shows a smallest unit cell 
(hereafter referred to as a resonant unit) of the nanoscale 
optical component according to the invention that is able to 
induce plasmon resonance. The resonant unit is stacked with 
layers including a metal layer 11, a dielectric layer 12 and a 
nanorod 13. The metal layer 11 is defined by a layer with an 
even thickness H, and one surface of the metal layer 11 
serves as a reflection Surface of said optical component. In 
general, the thickness H of the metal layer 11 is less than the 
wavelengths of visible region, preferably in a range from 
100 nm to 200 nm, such as 130 nm. The metal layer 11 can 
be made of one or more metals depending on the desired 
operating wavelength(s) for the optical component, prefer 
ably metals or semiconductor materials having high plasma 
frequency, such as aluminum, silver or semiconductor mate 
rials with a permittivity less than Zero. 
(0029. The dielectric layer 12 is formed at one side of the 
metal layer 11. For example, the dielectric layer 12 can be 
formed on the reflection surface of the metal layer 11. The 
dielectric layer 12 is defined by a layer with an even 
thickness H, wherein the thickness H2 is less than the 
wavelengths of visible region, preferably in a range of 5 nm 
to 100 nm, such as 30 nm. In general, the dielectric layer 12 
is made of a material transparent to visible spectrumlight, 
and can be selected from a group consisting of insulators or 
semiconductor materials with a permittivity larger than Zero, 
such as silicon (SiO), magnesium fluoride (MgF2), alumi 
num oxide (Al2O), hafnium oxide (H?O), etc. For semi 
conductor materials with a permittivity less than Zero, their 
optical properties may resemble those of metals. For semi 
conductor materials with a permittivity larger than Zero, 
their optical properties may resemble those of dielectrics. 
The dielectric layer 12 has a carrying surface which corre 
sponds to the surface where the dielectric layer 12 and the 
metal layer 11 interface. As shown in FIG. 3, one or more 
nanorods can be formed on the carrying Surface of the 
dielectric layer 12. 
0030. As can be seen in FIG. 2, the resonant unit has a 
length P extending along the x-direction and another length 
P, extending along the y-direction, both of which define the 
horizontal dimensions of the resonant unit. In general, P. 
and/or P, may be less than twice the operating wavelength 
of the optical component. For example, P, P, 200 nm. The 
nanorod 13 is defined by a length L., a width W and a 
thickness H, wherein the length L is substantially parallel to 
P, but shorter than it, while the width W is substantially 
parallel to Px but shorter than it. Thus, the nanorod 13 
occupies an area that is Smaller than or does not exceed the 
area defined by P, and P. Generally, LeWi>H. The thick 
ness H is less than the wavelengths of visible region, 
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preferably in a range of 10 nm to 100 nm. For an exemplified 
nanorod in an embodiment, L can fall within a range of 50 
nm to 180 nm, W can be 50 nm while H can be 25 nm. As 
shown in FIG. 2, the nanorod 13 has a substantially rectan 
gular shape whose length direction and width direction are 
significantly associated with the resonance direction induced 
by the incident electromagnetic wave. In some embodiments 
of the present invention, said nanorod 13 can be defined by 
other side lengths, such as a circumference together with a 
thickness. The nanorod 13 can be made of metal, such as 
aluminum, silver or gold, and/or semiconductor materials. In 
particular, if the nanorod 13 is made of aluminum, a broader 
range of the resonance spectrum covering the visible region 
(400 nm to 700 nm) or even the infrared and/or ultraviolet 
region can be obtained. 
0031. In some embodiments, the nanoscale optical com 
ponent according to the present invention may include other 
layers in its structure. Such as a Substrate, or a buffer layer 
formed between a substrate and the metal layer 11. In 
general, the layer structure as described above can be 
fabricated with conventional approaches, such as e-beam 
lithography, nanoimprint lithography or ion beam milling, 
and thus the description thereof is omitted for brevity. 
0032 Referring to FIG. 3A, the optical component 
according to the present invention includes an array struc 
ture which is composed of a plurality of resonant units of 
FIG. 2. Said array structure includes a plurality of primary 
nanorod arrays 2 (only one shown in FIG. 3A), and each of 
the primary nanorod arrays 2 further includes several Sub 
arrays 20 (there are four shown in FIG. 3A). Each sub-array 
20 contains an array of identical nanorods 13. That is, all of 
the nanorods 13 within the sub-array 20 have the same 
length L and are arranged periodically along both the 
X-direction and the y-direction. For example, a two-dimen 
sional 4x4 nanorod array is shown in each Sub-array 20. The 
side length of each sub-array 20 can be the sum of the side 
lengths (P, P,) of the resonant units defining the sub-array 
20. For example, if P =200 nm, the side length of the 
sub-array for the 4x4 nanorod array can be 800 nm. The 
nanorods 13 contained in the sub-array 20 are generally 
oriented in the same direction, which enables the sub-array 
20 to achieve specific resonance effect in a particular direc 
tion, and thereby to achieve modulation of reflectance and 
phase for the incident wave. The relation between the 
nanorod length L and the operating wavelengths, in particu 
lar with repect to the reflectance and phase modulation, will 
be described later in the paragraphs below. 
0033. The nanoscale optical component according to the 
present invention includes a plurality of pixels, each pixel is 
defined by a primary nanorod array 2. The pixels are 
associated with one or more patterns recorded in the optical 
component. Each pixel is defined by the primary nanorod 
array 2 composed of a plurality of sub-arrays 20. The pixel 
may include at least three nanorod Sub-arrays, each of which 
has a specific nanorod length different from that of another 
sub-array. As can be seen in FIG. 3A, in the 22 sub-arrays, 
any three of the sub-arrays have three respective nanorod 
lengths. The nanorods 13 are disposed on a part of a 
peripheral Surface of the optical component, arranged peri 
odically along the X-direction and the y-direction. On a 
peripheral Surface of the optical component, there may be 
several rows and columns of nanorods 13 arranged in one or 
more arrays. The optical component may comprise or may 
be composed of several rows and columns of resonant units. 
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All of the nanorods 13 contained in the sub-arrays have 
substantially the same width W and thickness H, and each 
nanorod 13 is located in a respective area of the resonant unit 
(i.e. defined by P, and P.). Two adjacent nanorods in the 
X-direction have a spacing which equals PX, and thus the 
nanorods along the X-direction are arranged periodically 
over the sub-arrays 20. The primary array 2 may include 
nanorods with at least two different lengths L in the respec 
tive sub-arrays 20. 
0034 FIG. 3B is an SEM image with a scale bar of 1 um, 
showing a partial top view of some nanorod arrays of the 
optical component according to the present invention. As 
can be seen in FIG. 3B, a pixel may be composed of 2x2 
adjoining sub-arrays 200R), 200G), 200B) and 20GR)'. That 
is, the pixel has at least two Sub-arrays along the direction 
of the nanorod width and at least two Sub-arrays along the 
direction of the nanorod length. Although other embodi 
ments for the pixel are absent from the drawing, the pixel 
may be composed in several possible ways of permutation, 
such as in 2x3 or 3x4 arrangements. These sub-arrays 200R), 
20CG), 200B) and 20GR)' can be divided into red sub-arrays 
20CR) and 20 (R)', a blue sub-array 20(B) and a green 
Sub-array 200G) according to their optical properties (i.e. 
plasmon resonance properties). For the red sub-arrays 20(R) 
and 20GR)', the nanorods contained in the two respective 
Sub-arrays may have the same nanorod length. This is to 
ensure a sufficient red light reflection which is generally 
weaker than the reflection of the blue and green sub-arrays. 
One or more operating wavelengths for each sub-array can 
be defined by the spectrum distribution associated with the 
sub-array, which can be seen in FIG. 7 and described later 
in the paragraphs below. 
0035. As shown in FIG. 3B, the pixel occupies an area 
defined by AXA (1600x1600 nm) that is composed of 2x2 
sub-arrays 200R), 200G), 200B) and 200R)', wherein each 
Sub-array is further composed of a 4x4 array of nanorods. In 
Some embodiments of the present invention, the pixel can be 
composed of more Sub-arrays having more than three dif 
ferent nanorod lengths set in the respective nanorod Sub 
arrays. 

0036. In some embodiments, the optical component 
according to the present invention may include several red 
Sub-arrays, green Sub-arrays and blue Sub-arrays depending 
on the optical properties or resonance performance of the 
Sub-arrays contained in the optical component. In other 
embodiments, the red Sub-arrays of the optical component 
may have two different nanorod lengths constituting differ 
ent red sub-arrays, such as the red sub-arrays 200R) and 
20CR)' shown in FIG. 3B. Similarly, it is possible to design 
the green sub-arrays and/or the blue sub-arrays with differ 
ent nanorod lengths. In this way, the nanoscale optical 
component according to the present invention is able to 
implement two-level phase modulation for an incident wave. 
AS Such, with a monochromatic operating wavelength, the 
two-level optical component according to the present inven 
tion is able to provide two different resonant modes that may 
produce two reflections for an incident wave. In the case that 
the three primary colors (RGB) are used as the operating 
wavelengths, the nanoscale optical component may provide 
six different resonant modes. 

0037. With reference to FIGS. 4(a) and 4(b), a reflectance 
and phase distribution as a function of wavelength and 
length L of nanorod are illustrated (H. H. H. and W are 
fixed values here). As can be seen in the figures, the 
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resonance spectral range may be from 375 nm to 800 nm. 
The value of reflectance is associated with the amplitude of 
the reflection wave, and the amount of phase is associated 
with the reflection angle of the reflection wave (i.e. 0, as 
presented in Eq. (2)), since any phase shift or delay will 
influence the wavefront's propagation across the nanoscale 
structure. According to the reflection spectrum and phase 
distribution, a desired reflectance and phase control for each 
resonant unit of the nanoscale optical component according 
to the present invention can be determined by the nanorod 
length L thereof. For example, as shown in FIGS. 4(a) and 
4(b), each single point marked in the distribution, such as the 
blue circle, green triangle and red square, represents a type 
of the resonant unit that constitutes the nanoscale optical 
component according to the present invention. 
0038. For example, the two blue circles refer respectively 

to the nanorod lengths of 55 nm and 70 nm, and with such 
configuration their resonant units or Sub-arrays constituted 
respectively may produce a phase shift of it therebetween, 
for a specific operating wavelength in the blue region. Also, 
similar effect may occur as indicated by the green triangles 
with the respective nanorod lengths of 84 nm and 104 nm, 
or as indicated by the red squares with the respective 
nanorod lengths of 113 nm and 128 nm. With this design, the 
nanoscale optical component can provide six resonant 
modes. However, depending on the selection of nanorod 
lengths, the nanoscale optical component according to the 
present invention can provide more resonant modes. Fur 
thermore, the nanorods may be configured in multiple ori 
entations. For example, referring back to FIG. 3, the nan 
orods contained in one part of the Sub-arrays may have their 
nanorod length L extending along the X-direction, while the 
nanorods contained in another part of the Sub-arrays have 
their nanorod length L extending along the y-direction. For 
another example, two arrays of nanorods contained in two 
respective Sub-arrays may form an angle with respect to 
each other. As such, the nanoscale optical component 
according to the present invention is able to produce reso 
nance in more directions with the foregoing configuration. 
0039. With reference to FIG. 4(c), relations concerning 
the reflectance and phase versus nanorod length are shown, 
with the operating wavelengths fixed at 405 nm, 532 nm and 
658 nm. As indicated in the figure, the lowest reflectance for 
the wavelength of 405 nm occurs when the nanorod length 
is set to a range from 55 nm to 70 nm, the lowest reflectance 
for the wavelength of 532 nm occurs when the nanorod 
length is set to a range from 84 nm to 104 nm, the lowest 
reflectance for the wavelength of 658 nm occurs when the 
nanorod length is set to a range from 113 nm to 128 nm. 
0040. It can be understood from FIG. 4 that, the optical 
reflection and phase shift over the visible spectrum for each 
resonant unit or Sub-array are varied nonlinearly depending 
on the nanorod length thereof. Such nonlinear variations can 
be determined based at least on the size of nanorods, the 
orientation of nanorod arrays and/or the selection of the 
dielectric layer and the metal layer. 
0041. To be specific, the nanoscale optical component 
according to the present invention can be a reflection mirror 
having a metasurface. The storage of patterns may be 
established by using several pixels composed of different 
nanorod Sub-arrays to form the pattern. 
0042. Image Reconstruction 
0043 FIG. 5 illustrates an exemplary image reconstruc 
tion system which is utilized to reconstruct one or more 
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images recorded in the nanoscale optical component accord 
ing to the present invention. The system utilizes three laser 
diodes 50, 51 and 52 to generate respective laser beams at 
the wavelengths of 405 nm, 532 nm and 658 nm as the 
operating wavelengths for reconstructing the one or more 
images. The beams are combined as one major after Suc 
cessively passing through a first dichromic mirror 53 and a 
second dichromic mirror 54. A beam adjusting component 
55 including at least two lenses and a pin hole is configured 
to adjust the spot size of the major beam. A polarization 
modulating component 56 including one or more polarizers, 
quarter-wave plates and filters is configured to control 
polarization of the major beam. The polarized beam is then 
focused on a focal plane by a focal lens 57. The nanoscale 
optical component according to the present invention is 
placed at the focal plane of the focal lens 57, where a part 
of the metasurface of the nanoscale optical component 
overlaps with the focal plane to receive the polarized and 
focused beam. The incident beam is then reflected from the 
metasurface with modulated phase and recorded by a CCD 
camera 58 for further processing. 
0044 FIGS. 6(a) to 6(c) exemplify a series of recon 
structed images based on the foregoing system and the 
configuration shown in FIG. 3B at y-polarized operating 
wavelengths of 405 nm, 532 nm and 658 nm respectively. 
The different groups of Sub-arrays with specific operating 
wavelength or spectrum (such as 200R), 200G), and 200B) 
shown in FIG. 3B) produce one or more RGB images 
respectively in response to their corresponding incident 
wavelength, and the patterns of these reconstructed images 
are associated with the arrangement of the pixels. 
004.5 FIGS. 6(d) to 6(f) exemplify a series of recon 
structed images based on the foregoing system and the 
configuration shown in FIG. 3B using y-polarized, 45° 
polarized and X-polarized three-color laser beams respec 
tively. As can be seen, the reconstructed image gradually 
disappears when the operating laser beam turns from y-po 
larization to X-polarization. The polarization direction of the 
incident beam for image reconstruction can be determined 
by the direction of the nanorod length L in the optical 
component. 
0046 Aluminum Nanorods Versus Reflectance Spectra 
0047 According to the foregoing description, aluminum 
nanorods constituting the metasurface according to the pres 
ent invention can expand the resonance spectral range to 375 
nm, allowing for applications in the visible spectrum. In 
addition, the reflectance spectrum can be determined by the 
nanorod size, particularly by the nanorod length L. 
0048 FIGS. 7(a) and 7(c) show the different nanorod 
arrays contained in the optical component and their optical 
properties. FIG. 7(b) shows a series of SEM images of part 
of the nanorod Sub-arrays in six sizes. These nanorod 
sub-arrays are formed based on a silicon layer (the dielectric 
layer) with a thickness of 30 nm and an aluminum layer (the 
metal layer) with a thickness of 130 nm. These SEM images 
are shown with a 200 nm scale bar and include images of 
nanorod Sub-arrays, from top to the bottom, having rod 
lengths L=55 nm, L=70 nm, L=84 nm, L=104 nm, 
Ls=113 nm and L =126 nm, which respectively correspond 
to the reflectance spectra shown in FIG. 7(a) and reflection 
images shown in FIG. 7(c). FIG. 7(c), where a scale bar of 
20 um is included, shows reflective images of the optical 
component based on the nanorod Sub-arrays shown in FIG. 
7(b). 



US 2017/0068214 A1 

0049. As can be seen in the figure, each of the reflectance 
spectra of visible light has a valley point (associated with the 
resonance) which shifts toward longer wavelength as its rod 
length increases, resulting in reflective color changes from 
yellow through orange and blue to cyan corresponding to the 
complementary colors of each plasmonic band. In other 
words, the reflective color of the nanorod sub-array (such as 
the sub-array 20) can be determined by the nanorod length. 
For example, but it should not be construed as limiting the 
scope of the invention, the reflective color of nanorod 
Sub-arrays change from yellow through orange when the rod 
length L is set to a range of 55-84 nm (including 55-70 nm 
and 70-84 nm); the reflective color of nanorod sub-arrays 
changes from blue through cyan when the rod length L is set 
to a range of 104-128 nm (including 104-113 nm and 
113-128 nm). Although it is not disclosed in the drawings, 
those having ordinary knowledge in the art should under 
stand that the nanorod width, thickness or density of nan 
orods in the Sub-array may also influence the reflectance 
spectrum for the optical component according to the present 
invention. Also, the rod length and its corresponding reflec 
tive color disclosed herein are not meant to limit the scope 
of the invention. Even in other embodiments that the nan 
orods have the same length in different sub-arrays, the 
Sub-arrays may appear various shifts in resonance spectra 
according to various array arrangements or selection of 
materials. 

0050. The nanoscale optical component according to the 
present invention employs aluminum nanorods having 
higher plasma frequency to yield plasmon resonances across 
a broader range of the spectrum which even includes the 
blue light range, meaning that applications of the nanoscale 
optical component can be expanded. In addition, the 
nanoscale optical component according to the present inven 
tion can be employed in hologram applications. A hologram 
can record one or more patterns therein. Each of the 
recorded patterns can be composed of several pixels that are 
constituted by several Sub-arrays having various nanorod 
lengths L respectively adapted for specific operating wave 
lengths, so that image reconstruction with WDM (wave 
length division multiplexing) operations can be realized. 
Based on different operating wavelengths of the beams 
reflected respectively with specific reflection angles, the one 
or more reconstructed images projected from the nanoscale 
optical component according to the invention can have 
patterns distributed in a particular manner. Accordingly, 
Such optical component can be used to fabricate hologram 
security labels in full colors. And given that the feature of 
WDM operations can be realized, the nanoscale optical 
component according to the present invention can also be 
applied to display units to realize full-color display or 
full-color image projection, for example. Moreover, a holo 
gram applying a nanoscale optical component according to 
the present invention can be a two-level hologram which 
requires two different nanorod lengths for a single color, and 
thereby a phase modulation can be achieved for the single 
color with a phase shift of it or 180 degrees. Likewise, a 
three-level hologram requires three different nanorod 
lengths for a single color and can achieve a phase modula 
tion up to 2J/3 or 120 degrees, while a four-level hologram 
requires four nanorod lengths for a single color and can 
achieve a phase modulation up to JL/2 or 90 degrees. Other 
changes or modifications to the phase levels of a hologram 
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in connection with phase modulations can be derived with 
common knowledge in the art to which the invention per 
tains. 

0051. The foregoing embodiments and other embodi 
ments would be obvious in view of the scope defined by 
following claims. 
What is claimed is: 
1. An optical component, comprising: 
a dielectric layer; and 
a primary nanorod array, formed on the dielectric layer 

and defining a pixel, the primary nanorod array being 
composed of a plurality of nanorod Sub-arrays arranged 
in two dimensions; 

wherein each of the plurality of nanorod sub-arrays is 
composed of nanorods arranged in a two-dimensional 
array, and said nanorods in each nanorod Sub-array are 
identical rods having the same rectangular shape, and 

wherein the nanorods in at least three of the plurality of 
nanorod Sub-arrays have different rod lengths. 

2. The optical component of claim 1, wherein the nan 
orods are made of metal. 

3. The optical component of claim 2, wherein the nan 
orods are made of aluminum, silver, gold or a semiconductor 
material. 

4. The optical component of claim 1, further comprising 
a metal layer on which the dielectric layer is formed. 

5. The optical component of claim 4, wherein the metal 
layer is made of aluminum. 

6. The optical component of claim 1, wherein the dielec 
tric layer is made of silicon, magnesium fluoride, aluminum 
oxide or hafnium oxide. 

7. The optical component of claim 1, wherein the amount 
of the plurality of nanorod Sub-arrays constituting the pri 
mary nanorod array is four. 

8. The optical component of claim 1, wherein an operating 
wavelength for each of the plurality of nanorod sub-arrays is 
determined by the rod length of the nanorods contained said 
nanorod Sub-array. 

9. A display apparatus, comprising: 
an optical component, comprising 

a dielectric layer, and 
a plurality of primary nanorod arrays, formed on the 

dielectric layer and defining a plurality of pixels, 
each pixel being composed of a plurality of nanorod 
Sub-arrays arranged in two dimensions; 

wherein each of the plurality of nanorod sub-arrays is 
composed of nanorods arranged in a two-dimen 
sional array, and said nanorods in each nanorod 
Sub-array are identical rods having the same rectan 
gular shape, and 

wherein the nanorods in at least three of the plurality of 
nanorod Sub-arrays have different rod lengths; and 

a light Source, configured to project polarized light onto 
the optical component, 

wherein the optical component projects one or more 
images in response to the polarized light incident on the 
optical component, a pattern of the image is associated 
with an arrangement of the plurality of the pixels, and 
a color of the image is determined based on the light 
Source used and the rod lengths of the nanorods con 
tained in the plurality of nanorod Sub-arrays. 
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10. The display apparatus of claim 9, wherein the light 
Source generates red light, green light or blue light or a 
combination thereof. 


