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Energy up conversion caused by metallic photonic boxes
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A photonic box structure is discovered to have the
characteristic of transferring part of the input pumping 532nm
laser energy to wavelength 300nm. The spectral width is
narrower and the intensity is linearly increased as the intensity
of the input laser increases. The spectral width shows an
abrupt change when input laser power exceeds 30mW. The
mechanism of this phenomenon is considered to be related to
surface plasmon resonance, however, complete explanation
cannot be obtained through known physics. This new energy
transfer phenomenon gives us a new direction toward using
the photonic box structure.

Index Terms — photonic crystal, wavelength conversion,
energy transfer.

1. INTRODUCTION

In spite of great advance of laser sources in the past
decades, some wavelength bands are still not available,
hindering applications of lasers from some areas. Because
finding suitable laser materials for all the wavelengths
cannot be achieved, wavelength conversion is highly
desired. [1]

Conventional ~ wavelength  conversion  includes
following methods. The first type is the four wave mixing
(FMW), which is a type of optical Kerr effect occurring
when light of two or more different wavelengths is
launched into a fiber or other media with the Kerr effect.
Generally speaking, FWM occurs when light of three
different wavelengths is launched into a fiber, giving rise
to a new wave (known as an idler), the wavelength of
which does not coincide with any of the others [2]. The
second type is the Raman scattering [3], which can be
used to change the laser emission wavelength over a fixed
frequency shift, making access to additional spectral
output of laser lines. The spectral areas reachable with
Raman scattering extend from ultraviolet to near infrared,
depending on the pump laser and Raman material used. If
the Raman medium is pumped hard enough, stimulated
Raman scattering (SRS) processes can also occur, giving
rise to very efficient wavelength conversion. Efficient
SRS has been experimentally realized in liquids, gases,
and also in solid state materials [4][5]. SRS can therefore
be used as a supplement or an alternative to the nonlinear
techniques [6][7]. The third type is the optical
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nonlinearity, which can be used for second harmonic
generation(SHG) [8] and parametric
oscillation/amplification [9]. With this type of nonlinear
optics, the wavelength of the pumping beam can be
doubled or down-shifted.

Recently, nonlinear frequency conversion in 2D
photonic crystals is also theoretically and experimentally
studied. Such structures can possibly be used for
applications as  multiple-beam  second-harmonic
generation (SHG), ring cavity SHG, or multiple
wavelength frequency conversion [10]. In addition,
photonic crystal fibers have been discovered to generate
very broadband wavelength conversion [11].

Here we report a new way of wavelength
conversion using photonic boxes. Photonic boxes have
been found to be able to modify the black-body radiation
for enhancing visible spectrum [12]. The term “photonic
box” is defined here as the metallic box that has the
dimension in the order of the wavelength of light. In this
work, we use 532nm laser as the pumping light. Photonic
boxes are able to transform 532nm laser energy to light
with wavelength of 300nm. The up-converted energy is
linearly increased with the intensity of the pumping laser.
This up-conversion of laser energy is much more efficient
than the usual Raman scattering. Wavelength conversion
discovered in the past is often nonlinearly increased with
the pumping [13]. The linear property of the energy up
conversion in this work indicates that the mechanism here
is novel. The detailed physics will be discussed.

II. EXPERIMENT

Cubic photonic box with the size of 250nm is
fabricated on silicon wafer. The fabrication procedures
are as follows. First, metal W/Cr/Au/Pt with the thickness
of 400nm, 10 nm, 10nm, and 20 nm was sequentially
evaporated on the Si substrate, respectively. Metals Cr
and Au are used to enhance the adhesion of Si and Pt.
SiO, of thickness 250nm is then deposited using E-gun
evaporator at the surface of Pt. Afterwards, photoresist
(PR) was spun on SiO, for photolithography. IIPL



(Immersion interference photolithography) using a 351
nm Argon ion laser was applied twice to create two
dimensional periodic patterns on the photoresist, which

forms square pattern of 250nm length and 250nm spacing.

This pattern was later transferred to the SiO, under it by
using reactive-ion-etching (RIE) process. During RIE, Ar
and CHF; were used to dry etch the SiO, uncovered by
PR. After the desired pattern of SiO, was formed, PR
above it was rinsed off by acetone. The device fabrication
was completed by evaporating 250nm Pt again to fill in
the spaces between SiO, cubes. A cross section view of
the device is available through scanning electron
microscope image and was shown on Fig. 1. The length
and height of SiO, is found to be 250nm and 350nm,
respectively.
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Fig. 1 SEM cross section view of the metallic photonic box
sample structure. The length and height of SiO2 is 250nm and
350nm, respectively.

The experiment setup is similar to photoluminescence
measurement. The pumping source used here is 532nm
green light laser. Pumping source emitted by the laser
first passes through a neutral density filter, which is used
to adjust the output power of the laser. A power meter is
placed in the light path between the sample and the
neutral density filter, the desired laser output power is
obtained by reading the power meter and rotating the
neutral density filter. A lens is placed between the green
laser and sample to focus the green laser energy to a small
spot with about 0.5mm diameter. After the green laser
emitted to the sample, two lenses are used to collect the
scattered light emitted from the sample to the
monochromator. A detector attached behind the
monochromator is used to measure the light intensity at

different wavelengths. These data are then recorded into a
computer.

A light emitted at wavelength 300nm is measured. If
the pumping power is increased gradually, as shown in
Fig. 2, an intensity increase is observed. This suggests
that the structure of our sample is capable of absorbing
the laser energy at 532nm and then transform part of the
energy into wavelength 300nm. Peak intensity and
spectral area linearly increases with a constant slope
according to pumping power (Fig. 3). The most
interesting part lies in that the spectral width becomes
narrower as the laser input power increased, which can be
observed in Fig 4. The output peak wavelength remains
constant at 300nm as the pumping laser power increases,
indicated by Fig5.
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Fig.2  Light emitted at wavelength 300nn shows a linear

increase with the increase of input laser intensity.
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Fig.3  Peak intensity of the light emitted by the structure
shows constant slope increase versus pumping power.
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Fig.4  Spectral width becomes narrower as the input
pumping power increased. An abrupt slope change is observed
when laser power exceeds 30mW..
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III. DiscussioN

The energy transfer mechanism observed here may
result from the following mechanisms: (1)Surface
plasmon resonance, an electron charge density wave
phenomenon that arises at the surface of a metallic film
when light is reflected at the film under specific
conditions. The resonance is a result of energy and
momentum being transformed from incident photons into
surface plasma, and is sensitive to the refractive index of
the medium on the opposite side of the film from the
reflected light. Here the structure we designed is dielectric
medium enclosed by thin metal Pt. The laser energy was
directly input to the nano-structure and causes energy of

wavelength at 300nm to be amplified through surface
plasmon resonance. (2)Rectangular cavity resonator is
defined as dielectric material enclosed by metal [14]. Due
to the boundary condition of the electromagnetic waves at
the conducting metal surface, only the electromagnetic
waves with specific frequencies are allowed to propagate
within this cavity. The resonant frequency is defined as
follows:

u | k., iz m,,
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Here u indicates the light velocity in the dielectric
material. a, b and d stands for the length, width and height
of the cavity. k, 1 and m are integers and repreesnt the
footnote of the TE/TM standing wave. The propagating
mode with the lowest cut-off frequency is defined as the
dominant mode. By using equation (1) and the relation
between frequency and wavelength A =u/ f*, one can
easily calculate the longest cut-off wavelength of such
cavity resonator. Electromagnetic waves with wavelength
longer than cut-off wavelength are not allowed to
propagate within the cavity resonator. By substituting a, b,
d with 250nm, 250nm, 350nm, we can calculate the
highest cut-off wavelength to be 610.3nm. The signal we
measured is located at 300nm, which is about half of this
wavelength. As the pumping laser is 532nm, it seems
pretty reasonable that signal of 610.3nm does not appear.
However, this theory still cannot explain the narrowing of
the spectral width and the absence of other signals with
different propagating modes.

IV. CONCLUSION

A metallic photonic box structure being able to convert
part of the input energy of 532nm laser to 300nm is
discovered. The converted energy intensity is linearly
increased with the input laser power. We also find that the
spectral width becomes narrower as the input laser energy
increases, and the narrowing rate is about constant except
for input laser power exceeds 30mW. The energy transfer
phenomenon is considered to result from surface plasmon
resonance or rectangular cavity resonator theory.
Nevertheless, neither theory is able to perfectly explain
the facts we observed. There may be new physics lie
behind this experiment and the explanation still remains
open.

This discovery is very exciting because it is believed
that with the variation of the structure size, energy



transformation at any desired wavelength can be easily
obtained. Another possible application of this structure
lies in the combination of organic light emitting
diode(OLED). It is believed that 40% of the energy
emitted by OLED will be converted to surface plamon
and trapped in the thin metal layer [15]. The structure we
proposed here is possible to employ this part of the
energy and transfer the light to the wavelength desired.
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