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Plasmonic nanoresonators for high-resolution
colour filtering and spectral imaging

Ting Xu"?*, Yi-Kuei Wu'*, Xiangang Luo? & L. Jay Guo'

Colour and spectral imaging systems typically use filters and glass prisms to disperse light of
differentwavelengths. Withtheminiaturizationofintegrateddevices, currentresearchonimaging
sensors focuses on novel designs aiming at high efficiency, low power consumption and slim
dimension, which poses great challenges to the traditional colourant-based filtering and prism-
based spectral splitting techniques. In this context, surface plasmon-based nanostructures
are attractive due to their small dimensions and the ability to efficiently manipulate light.
In this article we use selective conversion between free-space waves and spatially confined
modes in plasmonic nanoresonators formed by subwavelength metal-insulator-metal stack
arrays to show that the transmission spectra through such arrays can be well controlled by
using simple design rules, and high-efficiency colour filters capable of transmitting arbitrary
colours can be achieved. These artificial nanostructures provide an approach for high spatial
resolution colour filtering and spectral imaging with extremely compact device architectures.
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structures have generated considerable interest with the develop-

ment of nanofabrication and characterization techniques'”.
SPs are essentially charge density waves generated by the cou-
pling of light to the collective oscillation of electrons on the metal
surface®. By exploiting plasmonic nanostructures, such as nano-
hole or nanoslit arrays, efficient conversion between photons and
plasmons can be controlled at subwavelength scale, which may
provide new solutions to traditional optical processes such as colour
filtering and spectral imaging®'. Recently, such effects have been
reported using a metallic nanohole array to filter colour by tuning
the resonant transmission peak at the visible range>". However,
the transmission passbands of such filters are relatively broad and
do not satisfy the requirement for the multiband spectral imaging.
Other attempts such as nanoslits combined with period grooves'
or inserted into a metal-insulator-metal (MIM) waveguide®
also show colour filtering effect. However, in these structures, two
neighbouring output slits must be separated by additional structures
or by specific coupling distances (both about several micrometres,
causing attenuation due to metal absorption loss); therefore, the
device dimension and efficiency are restricted. Moreover, because
of the thick metal film used in these structures, the absorption
loss from light entering and leaving the MIM waveguide further
decreases the devices’ efficiencies to generally <10%. Such a value
does not satisfy the requirement for practical display applications.

Among these efforts, the filters generated by MIM waveguide
resonators are of particular interest. MIM waveguide geometries
offer the ability to support SP modes at visible wavelengths and have
been widely investigated for different applications, such as guiding
waves at subwavelength scale’", concentrating light to enhance the
absorption for photovoltaic applications'®?’, providing a near-field

I nrecentyears,surface plasmons (SPs) and related plasmonic nano-
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plate for superfocusing at optical frequency® or composing meta-
materials for strong magnetic resonance and negative refraction>°.
Besides enabling efficient subwavelength confinement of spatial
modes, compared with other nanostructures, the top and bottom
metal layers of MIM waveguides can be integrated as electrodes in a
straightforward manner in the electro-optic system, both of which
can compact the device size.

We report herein the design and demonstration of plasmonic
MIM nanoresonator structures capable of filtering white light into
individual colours across the entire visible band. The design princi-
ple can also be applied to other wavelength ranges. The key concept
here is to use nanoresonators to realize the photon-plasmon-photon
conversion efficiently at specific resonance wavelengths. Compared
with the aforementioned colour-filtering methods, our new design
significantly improves absolute transmission, pass bandwidth and
compactness. In addition, the filtered light is naturally polarized,
making it very attractive for direct integration in liquid crystal
displays (LCDs) without a separate polarizer layer®.

Results

Plasmonic nanoresonators for colour filtering. Figure 1a presents
the schematic diagrams of the proposed nanoresonators. For easy
fabrication, the device is designed as a subwavelength periodic MIM
stack array on a magnesium fluoride (MgF,) transparent film with
period P. For each stack, a 100 nm-thick zinc selenide (ZnSe) layer
is sandwiched by two 40 nm-thick aluminium (Al) layers, wherein
the thickness of the dielectric core is determined on the basis of the
spatial extension of SP waves inside the ZnSe layer at the visible
frequencies®. The 100nm-thick ZnSe layer ensures the efficient
coupling of SP modes at the top and bottom edges of the stack,
whereas the 40 nm-thick Al layer prohibits the direct transmission
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Figure 1| Plasmonic nanoresonators formed by MIM stack arrays. (a) Schematic diagram of the proposed plasmonic nanoresonators. The white arrow
represents the incident white light and the red, yellow, green and blue arrows represent the transmitted coloured light from the different stack arrays.
Grey, pink and blue in the structure indicate the material of aluminium, zinc selenide and magnesium fluoride respectively. Inset is the scanning electron
microscopy image of the fabricated device. Scale bar, Tum. (b) Plasmon dispersions in MIM stack array. Red, green and blue dots correspond to the case
of filtering primary RGB colours. Red and blue curves correspond to antisymmetric and symmetric modes respectively. The shaded region indicates the
visible range. (¢) Simulated transmission spectra for the RGB filters. The solid and dash curves correspond to TM and TE illuminations respectively. The
stack period for RGB filters is 360, 270 and 230 nm. (d) Cross-section of the time-average magnetic field intensity and electric displacement distribution
(red arrow) inside the MIM stack at a wavelength of 650 nm with 360 nm stack period. The colours on the right side represent the constitutive materials,

defined asin a.
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of the incident light. The duty cycle of the stack array is about 0.7.
The bottom Al grating is used to couple selectively the incident light
into plasmon waveguide modes by diffraction, whereas the top Al
grating efficiently reconverts the confined plasmons to propagating
waves by scattering and transmits the light to the far field in the
forward direction.

For TM-polarized waves (the E-field is perpendicular to the Al
grating direction), the transverse magnetic plasmon dispersion of
the Al/ZnSe/Al stack array is plotted in Figure 1b. Here we only
consider the normal incidence and therefore the stack period is
related to the plasmon transverse wavevector as P=2m/k, by the
+1¢ order diffraction. From this figure, it can be clearly seen that
the SP antisymmetric mode has a near-linear dispersion across
the whole visible range. Therefore, the SP antisymmetric modes
can be used as intermediates to couple the incident plane wave
selectively in and scatter the confined SP modes out to the far
field. The close-to-linear dispersion made it very easy to design
filters for any colours across the entire visible band. As an exam-
ple, the red, green and blue spots in Figure 1b represent the three
primary RGB colours. They have different transverse wavevectors
that correspond to specific stack periods by the £1* order diffrac-
tion. The simulated transmission spectra for RGB colours are
shown in Figure lc. The corresponding period of the stack is 360,
270 and 230 nm, which is well within the reach of current micro-
and nanofabrication technologies. However, the TE-polarized
light (the E-field is parallel to the Al wire direction) does not sup-
port the excitation of SP modes and thus there is no obvious light
conversion process. As a result, the TE-polarized light is strongly
suppressed at resonance wavelengths and the transmissions are
extremely low. This indicates that such transmission colour filters
can simultaneously function as polarizing elements, a highly
desirable feature for display applications.

Figure 1d shows the simulated time-average magnetic field inten-
sity and electric displacement (arrow) profiles in one MIM stack cor-
responding to the red spot in Figure 1b. The TM-polarized incident
light has a wavelength of 650nm and the stack period is 360 nm.
The magnetic field intensity shows that most of the incident light
is coupled into antisymmetric waveguide modes with maximum
intensity near the edges of top and bottom Al gratings, which
supports our design principle. From the electric displacement, we
can see that the efficient coupling of incident light to the SP antisym-
metric modes is realized by the strong magnetic response, as in the
case of a previous report? in which the electric displacement forms
a loop and results in strong magnetic fields opposing that of the
incident light inside the dielectric layer.

Figure 2a shows the optical microscopy images of the seven
square-shaped plasmonic colour filters illuminated by the white
light. The filters are fabricated using focus ion beam milling of a
deposited Al/ZnSe/Al stack on an MgF, substrate. The colour filters
have the stack period changing from 200 to 360 nm, correspond-
ing to the colour from violet to red. All the filters have the same
area dimension of about 10um x 10 um. The measured transmis-
sion spectra of RGB filters are given in Figure 2b, which agrees well
with the simulation results shown in Figure l1c. For TM illumina-
tion, stack arrays show the expected filtering behavior with absolute
transmission over 50% around the resonant wavelengths, which is
several orders of magnitude higher than those of previously reported
MIM resonators”. This transmission is comparable with the prevail-
ing colourant-based filter used in an LCD panel, but the thickness
of the plasmonic device is 1-2 orders of magnitude thinner than
that of the colourant one. The relative lower transmission for blue
colour is due to the stronger absorption loss of ZnSe in the shorter
wavelength range. The full-width at half maximum of the passbands
is about 100 nm for all three colours. However, the devices strongly
reflect TE-polarized light, as in wire-grid polarizers”. Therefore,
the transmission of TE-polarized light is suppressed as shown
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Figure 2 | Plasmonic colour filters. (a) Optical microscopy images of
seven plasmonic colour filters illuminated by white light. Scale bar, 10 um.
(b) Experimentally measured transmission spectra of three fabricated
colour filters corresponding to the RGB colours. The circle and triangle
correspond to TM and TE illuminations respectively. (€) Scanning electron
microscopy image of the pattern ‘M’ formed by two stack periods. The
periods of the navy blue background and the yellow character are 220 and
310 nm, respectively. Scale bar, 3um. (d) Optical microscopy image of the
pattern illuminated with white light.

in Figure 2b. This feature indicates that the structure itself can
have the roles of colour filter and polarizer simultaneously,
which could greatly benefit the LCD by eliminating the need of
a separate polarizer layer. In addition, the conductive nature of
the Al grating also implies that a separate transparent conductive
oxide layer used in LCD module may not be necessary, as was
demonstrated in our previous work on metal-wire-based trans-
parent electrodes®.

Besides the standard square colour filters, one can use different
nanoresonator arrays to form arbitrary coloured patterns on a
micrometre scale. As a demonstration, a yellow character ‘M’ in a
navy blue background is shown in Figure 2c. The pattern size of
the ‘M’ logo measures only 20um x 12pum and uses two periods:
310nm for the yellow letter M and 220 nm for the navy blue back-
ground. The optical microscopy image of the pattern illuminated
with the white light is shown in Figure 2d. A clear-cut yellow ‘M’
sharply contrasts the navy blue background. It is important to
note that the two distinct colours are well preserved even at the
sharp corners and boundaries of the two different patterns, which
implies that our colour filter scheme can be extended to ultrahigh-
resolution colour displays.

Next, we address the following question: how many slits are
necessary to render the coloured effect? We performed simu-
lation and experiments to investigate the relationship between
the slit number and the filtering effect. The inset of Figure 3
shows the microscope images of the samples with 2, 4 and 6 slits
(from the bottom to the top) for green and red colour filters.
The centre-to-centre distance between the neighbouring slits
for green and red filters is 270 and 360 nm, respectively, with
slit width about 80 and 100nm. Amazingly, even the struc-
tures with only two slits already exhibit distinct colours. With
more slits, the green and red colours become better defined
and much brighter, and agree well with the simulation results
shown in Figure 3. This interesting behavior can be explained
by the interference of the SP waveguide modes. When the inci-
dent light is coupled into the SP modes through the bottom slits,
the counterpropagating SP waves inside the insulator layer from
different slits would interfere along the waveguide direction,
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Figure 3 | Plasmonic colour filters with a few slits. Simulated transmission
for the green and red filters with 2, 4, 6 and infinite number of slits. The
circle, triangle, diamond and star correspond to the structure with 2, 4, 6

and infinite slits respectively. Inset shows the optical microscopy images
for the case of 2, 4 and 6 slits (slit number increases from bottom to top).

in a manner similar to an earlier work®. Transmission will be
enhanced for constructive interference at the top slits, and sup-
pressed for destructive interference. Fundamentally, the filtering
effect of the stack array with infinite slits can also be ascribed to
the multiple interferences of SP waves from each slit. The main
difference between structures having a few slits and infinite slits
is that the latter can efficiently couple the incident light into SP
antisymmetric modes through momentum matching by diffrac-
tion, and therefore the efficiency would be much higher. The
above analysis and experimental results indicate that very com-
pact structures with just a few slits can still perform the colour-
filtering function.

Plasmonic nanoresonators for spectral and polarimetric imaging.
By gradually changing the periods of the plasmonic nanoresonator
array, we also design and demonstrate a plasmonic spectroscope
for spectral imaging. Figure 4a shows the fabricated device consist-
ing of gradually changing periods from 200 to 400nm that covers
all colours in the visible range. When illuminated with white light,
the structure becomes a rainbow stripe, with light emitting from
the stack array, as shown in Figure 4b. Plasmonic spectroscopes
can disperse the whole visible spectrum in just a few micrometre
distance, which is orders of magnitude smaller than the dispersion
of the conventional prism-based device. This feature indicates that
the colour pixels formed by these structures could provide extremely
high spatial resolution for application in multiband spectral
imaging systems. In fact, our thin film stack structures can
be directly integrated on top of focal plane arrays to implement
high-resolution spectral imaging, or to create chip-based ultra-
compact spectrometers.

All structures discussed so far only consist of 1D linear slits (that
is, a slit in the same direction). Here, we design a 2D microscale spoke
structure that has slits in different orientations and a gradual change
of slit spacing to further investigate spectral and polarimetric imaging
responses. The spoke structure, as depicted in Figure 4c, consists of
96 slits that form a circular ring. Each slit is 3 um in length and 50 nm
in width, and the inner and outer radius of the ring is about 3 and
6um. The spacing between neighbouring slits changes from 200 nm
from the centre to 400 nm towards the outer edge of the ring, cover-
ing all colours in the visible range as the above linear spectroscope.
Figure 4d shows the polarimetric response of the spoke with differ-
ent illuminations. When the spoke is illuminated with unpolarized

b

Figure 4 | Plasmonic spectroscopes for spectral imaging. (a) Scanning
electron microscopy (SEM) image of the fabricated 1D plasmonic
spectroscope with gradually changing periods from 400 to 200 nm

(from left to right). Scale bar, 2um. (b) Optical microscopy image of the
plasmonic spectroscope illuminated with white light. (¢) SEM image of
the fabricated 2D spoke structure. Scale bar, 3um. (d) Optical microscopy
images of the spoken structure illuminated with unpolarized light (centre)
and polarized light (four boxes).

white light, the transmitted light forms a complete rainbow ring.
However, if the illumination is the polarized light and the polari-
zation is rotated, a clear dark region appears along the polarization
direction. This is because of the absence of excited SPs in the polari-
zation direction, and thus the transmission is extremely low, which is
consistent with the TM coupling discussed earlier. Therefore, this 2D
spoke structure, when used with an imaging device, could provide
real-time polarimetric information in spectral imaging, or it can be
used as a microscale polarization analyser.

Discussion

Human eyes typically have a resolution limit of about 80 um at
35mm?". Therefore, we can use these plasmonic nanoresonators to
build coloured ‘super-pixels’ that are only several micrometres in a
lateral dimension and are much smaller than the resolution limit of
the human eyes. At present, this lateral dimension is also 1-2 orders
of magnitude smaller than the best high-definition colour filters
currently available®. Furthermore, these plasmonic devices have a
longitudinal thickness that is 1-2 orders of magnitude thinner than
that of colourant ones, which is very attractive for the design of
ultrathin panel display devices.

Besides the small dimensions, the nature of the polarization
dependence of plasmonic resonators is also attractive. This feature
not only benefits the applications in LCD by eliminating the need of
a separate polarizer layer, but can also be used for extracting polari-
metric information in spectral imaging.

In summary, we proposed and demonstrated plasmonic
nanoresonators to disperse light with high efficiency spectrally.
By arranging different resonators, arbitrary coloured patterns on a
micrometre scale are achievable. These artificial structures provide
an opportunity for display and imaging devices with a higher spatial
resolution, as well as much smaller device dimensions than those
currently available. The design principle can be easily expanded to
other wavelength ranges for multispectral imaging.
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Methods

Analytic solution of plasmon dispersion in an MIM structure. For TM-polarized
waves (the E-field is perpendicular to the Al grating direction), the transverse magnetic
plasmon dispersion relation of the MIM structure is given by

gk, + &k, tanh(#]:o )

for the antisymmetric mode, and by

gk, + &k, coth(#)zo @)

for the symmetric mode; k, is defined by the momentum conservation:

kzl,22 = 61,2 (?) - ka (3)

where € is the complex dielectric constant, subscripts 1 and 2 the insulator and
metal layer, and d the thickness of the insulator layer. Here, all materials are
assumed to be non-magnetic so that the magnetic permeability is equal to 1. In our
case, the Al/ZnSe/Al stack array has a 0.7 duty cycle and therefore the dielectric
constant of the insulator layer is calculated following the effective medium theory.
The complex dielectric constant of Al is described by fitting the experimentally
measured data. The spatial extension of SP waves in the ZnSe layer is calculated to
be ~100 nm at visible frequencies. Therefore, we choose a 100 nm-thick ZnSe layer
to ensure the efficient coupling of SP modes at the top and bottom edges of the
stack. Thereafter, the plasmon dispersions for the antisymmetric and symmetric
modes are obtained by solving equations (1) and (2).

Device fabrication and measurement. A glass substrate was prepared using a
cleaning process. A 220 nm magnesium fluoride (MgF,) dielectric layer, 40 nm Al
100 nm zinc selenide (ZnSe) and another 40 nm Al were deposited sequentially
using an electron-beam evaporator with a deposition rate of 0.5nms~". To prevent
the Al from oxidizing, we stored the samples in an oxygen-free glove box before
measurement.

Patterns were milled with the focus ion beam equipped in a Nova NanoLab
DuaLbeam workstation (FEI). Milling was controlled with an AutoFIB program,
provided by FEI, capable of controlling all parameters relating to ion and electron
beams. The accelerating voltage is 30kV and current varies from 50 to 100 pA,
determined by the feature size. Magnification is from x6,500 to x10,000 for
patterning. Transmission spectra were measured with an inverted microscope
(Nikon TE 300; Nikon), and all optical images were taken with a camera
(Nikon D3000; Nikon) mounted on the front port of the microscope.

References

1. Ebbesen, T. W, Lezec, H. J., Ghaemi, H. E, Thio, T. & Wolff, P. A. Extraordinary
optical transmission through subwavelength hole arrays. Nature 391, 667-669
(1998).

2. Barnes, W. L., Dereux, A. & Ebbesen, T. W. Surface plasmon subwavelength
optics. Nature 424, 824-830 (2003).

3. Zayats, A. V., Smolyaninov, I. I. & Maradudin, A. A. Nano-optics of surface
plasmon polaritons. Phys. Rep. 408, 131-314 (2005).

4. Ozbay, E. Plasmonics: merging photonics and electronics at nanoscale
dimensions. Science 311, 189-193 (2006).

5. Genet, C. & Ebbesen, T. W. Light in tiny holes. Nature 445, 39-46 (2007).

6. Schuller, J. A. et al. Plasmonics for extreme light concentration and
manipulation. Nat. Materials 9, 193-204 (2010).

7. Atwater, H. A. & Polman, A. Plasmonics for improved photovoltaic devices.
Nat. Materials 9, 205-213 (2010).

8. Raether, H. Surface Plasmons on Smooth and Tough Surfaces and on Gratings
(Springer, Berlin, 1988).

9. Nahum, G. Imaging spectroscopy using tunable filters: a review. Proc. SPIE
4056, 50-64 (2000).

10. Garini, Y., Young, I. T. & McNamara, G. Spectral imaging: principles and
applications. Cytometry A 69, 735-747 (2006).

11. Lee, H. S., Yoon, Y. T, Lee, S. S., Kim, S. H. & Lee, K. D. Color filter based on a
subwavelength patterned metal grating. Opt. Express 15, 15457-15463 (2007).

12. Laux, E., Genet, C., Skauli, T. & Ebbesen, T. W. Plasmonic photon sorters for
spectral and polarimetric imaging. Nat. Photonics 2, 161-164 (2008).

13. Diest, K., Dionne, J. A., Spain, M. & Atwater, H. A. Tunable color filters based
on metal-insulator-metal resonators. Nano Lett. 9, 2579-2583 (2009).

14. Zia, R,, Selker, M. D., Catrysse, P. B. & Brongersma, M. L. Geometries and
materials for subwavelength surface plasmon modes. J. Opt. Soc. Am. B 21,
2442-2446 (2004).

15. Dionne, J. A., Sweatlock, L. A., Atwater, H. A. & Polman, A. Plasmon slot
waveguides: towards chip-scale propagation with subwavelength-scale
localization. Phys. Rev. B 73, 035407 (2006).

16. Bozhevolnyi, S. I, Volko, V. S., Devaux, E., Laluet, ]. Y. & Ebbesen, T.

W. Channel plasmon subwavelength waveguide components including
interferometers and ring resonators. Nature 440, 508-511 (2006).

17. Neutens, P, Dorpe, P. V,, Vlaminck, I. D., Lagae, L. & Borghs, G. Electrical
detection of confined gap plasmons in metal-insulator-metal waveguides.
Nat. Photonics 3, 283-286 (2009).

18. Reilly ITI, T. H., van de Lagemaat, J., Tenent, R. C., Morfa, A. J. & Rowlen, K.

L. Surface-plasmon enhanced transparent electrodes in organic photovoltaics.
Appl. Phys. Lett. 92, 243304 (2008).

19. Lindquist, N. C., Luhman, W. A., Oh, S. H. & Homes, R. J. Plasmonic
nanocavity arrays for enhanced efficiency in organic photovoltaic cells.
Appl. Phys. Lett. 93, 123308 (2008).

20. Kang, M. G., Xu, T., Park, H. J., Luo, X. G. & Guo, L. J. Efficiency enhancement
of organic solar cells using transparent plasmonic Ag nanowire electrodes.
Adv. Mater. (2010) (In press).

. Shi, H. E. & Guo, L. J. Design of plasmonic near field plate at optical frequency.
Appl. Phys. Lett. 96, 141107 (2010).

22. Cai, W. et al. Metamagnetics with rainbow colors. Opt. Express 15, 3333-3341

(2007).

23. Chettiar, U. K,, Kildishev, A. V,, Klar, T. A. & Shalaev, V. M. Negative index
metamaterial combining magnetic resonators with metal films. Opt. Express 14,
7872-7877 (2006).

24. Lezec, H. J., Dionne, J. A. & Atwater, H. A. Negative refraction at visible
frequencies. Science 316, 430-432 (2007).

25. Burgos, S. P,, Waele, R., Polman, A. & Atwater, H. A. A single-layer wide-angle
negative-index metamaterial at visible frequencies. Nat. Materials 9, 407-412
(2010).

26. Ernst, L. Liquid Crystal Displays: Addressing Schemes and Electro-optic Effects
(Wiley, 2001).

27. Wang, J. J., Zhang, W,, Deng, X., Deng, J., Liu, E, Sciortino, P. & Chen, L. High-
performance nanowire-grid polarizers. Opt. Lett. 30, 195-197 (2005).

28. Kang, M. G. & Guo, L. J. Nanoimprinted semi-transparent metal electrode and
its application in OLED. Adv. Mater. 19, 1391-1396 (2007).

29. Kang, M. G., Kim, M. S., Kim, J. & Guo, L. J. Organic solar cells using
nanoimprinted transparent metal electrode. Adv. Mater. 20, 4408-4413 (2008).

30. Xu, T. et al. Directional excitation of surface plasmons with subwavelength slits.
Appl. Phys. Lett. 92, 101501 (2008).

. Betancourt, D. & del Rio, C. Study of the human eye working principle: an
impressive high angular resolution system with simple array detectors. IEEE
Sensor Array Workshop 93-97 (2006).

32. Lien, A., Cai, C., John, R. A., Galligan, J. E. & Wilson, J. 16.3”QSXGA high

resolution wide viewing angle TFT-LCDs based on ridge and fringe-field
structures. J. Displays 22, 9-14 (2001).

2

—

3

—

Acknowledgments
We acknowledge the financial support from AFOSR and DARPA. T. X. acknowledge the
partial support from China Scholarship Council (CSC).

Author contributions

T.X. is responsible for theoretical design and simulation; Y.K.W. is responsible for
structure fabrication and experimental demonstration. X.G.L. suggested the use of
antisymmetric modes in the structure. L.J.G. and T.X. conceived the idea. L.].G. directed
the project. All the authors discussed the results and contributed to the article.

Additional information
Competing financial interests: The authors declare no competing financial interests.

Reprints and permission information is available online at http://npg.nature.com/
reprintsandpermissions/

How to cite this article: Xu, T. et al. Plasmonic nanoresonators for high-resolution colour
filtering and spectral imaging. Nat. Commun. 1:59 doi: 10.1038/ncomms1058 (2010).

NATURE COMMUNICATIONS | 1:59 | DOI: 10.1038/ncomms1058 | www.nature.com/naturecommunications 5

© 2010 Macmillan Publishers Limited. All rights reserved.



	Plasmonic nanoresonators for high-resolution colour filtering and spectral imaging
	Introduction
	Results
	Plasmonic nanoresonators for colour filtering
	Plasmonic nanoresonators for spectral and polarimetric imaging

	Discussion
	Methods
	Analytic solution of plasmon dispersion in an MIM structure
	Device fabrication and measurement

	Additional information
	Acknowledgements
	References




