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Multimode optical fibers can carry many messages simultaneously, each one
encoded in lightwaves of different wavelength (color) but at the receiving station,
the messages must be separated. For this reason we need a wavelength separator.
The usual ones are very large and also the different wavelengths are not
completely separated. They are designed according to the principles of geometric
optics in which the wave nature of light is neglected. We took a different approach.
Using coupled whispering gallery mode resonators, the size of which are on the
order of the wavelength of light, we designed a wavelength separator based on the
principles of vector wave optics. A typical whispering gallery mode resonator is
shown below in Fig. 2. It is just a dielectric cylinder. When light of a few special
wavelengths is coupled into the cylinder, the light intensity (indicated by different
colors: red = strong, blue = weak) inside and outside forms a static pattern. Light of
other wavelengths does not form this pattern.

These are called whispering gallery modes, because sound waves in structures,
such as domes, have a similar pattern. If either the wavelength of the light changes
or the index of refraction changes (even slightly) the pattern disappears. Notice
that the diameter of the resonator is only 640 nanometers (nm). By coupling
whispering gallery mode resonators together, as shown in Fig.3, it is possible to not
only guide light along a particular path, but also to send different wavelengths along
different paths. While it is possible to calculate the electromagnetic fields of the
light in simple structures, such as one cylinder, when many are coupled together,
such as in Fig. 3, there is no analytic method to solve the problem. This is one
reason why it is difficult to design practical devices using whispering gallery modes.
Using new high accuracy algorithms that we have developed we have made a design
for a compact wavelength separation device (see Fig. 4).

After verifying the accuracy of our new algorithms, we used them to design
wavelength separator devices based on the following two concepts (see N. Okada,
J. B. Cole, S. Yamada, K. Ogawa, Y. Katayama, “Nonstandard FDTD Simulation—
Based Design of CROW Wavelength Splitters” in Advances in Optical Technologies,
Vol. 2011, Article ID 265702, 6 p.) In both designs 1 and 2, we must decide the
optimal spacing between the resonators ( AAA, ABB in Fig. 5; AOO, AOA, A
OB, AAA, ABB in Fig. 6). If the spacing is too close some of wavelength A is
lost in the B resonators and some of wavelength B is lost in the A resonators, but if]
the spacing is too large the efficiency of the separation goes down because both
wavelengths A and B fail to follow their intended paths.

Because the whispering gallery mode resonators mutually interact, there is no
analytic method to do this calculation. It is hecessary to simulate light propagation
for many different combinations to determine the optimal values of AAA, ABB ;
AOO, AOA, AOB . We judge that we satisfied the goal, and have applied for a
patent. In future work we would like to actually fabricate this device and test it. If
successful we hope to develop a commercial product.
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