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Abstract— In this paper, an improved Fano device for optical 

switching purposes is designed. Proposed structure has better 

transmission characteristics in terms of quality factor, loss and 

switching contrast than previous structures announced in the 

literature. Results show that the Q contrast of the cavities leads to 

the better performance of the Fano switch. 
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I. INTRODUCTION 

In recent years, the increase in video sharing and 
consequently increase in network bandwidth requirements, has 
leaded the technological improvements to more and more 
bandwidth for data sharing. Recently the electronic limitations 
that emerges in copper wires at high frequencies that result in 
high losses, leaded global efforts to use optical solutions in 
communications and  efforts in this area is concentrated on 
optical interconnects because of their ability to make optical 
computers, therefore it is required for optical elements to 
become small and smaller. One of the best candidates for this 
goal is slab photonic crystal structure. Thank to its high optical 
confinement strength, this type of structure, could be used as so 
tiny optical device with so high light-matter interactions. In this 
perspective, the PhC nano cavity-waveguide based structures 
fabricated with InGaAsP material lead to so higher carrier-
induced non-linear effects and could be used for making better 
light confinement toward better non-linearity effects and then 
smaller and lower energy consumption device. In fact, photonic 
crystal cavities with high quality factor (Q) and ultra-small 
volume (V) (higher Q/V ratio leads to higher cavity intensity and 
then higher non-linear effects) are the best candidate for making 
ultra-small and ultra-low energy consuming devices proper for 
photonic interconnects [1,2]. 

Various optical devices such as switches, modulators, 
sensors, filters, etc. have been proposed based on photonic 
crystal structures and each device uses optical elements such as 
cavities and waveguides (continues cavity) towards its mission. 
By considering interaction between these elements, we would be 
enabled to make interesting devices. One of the key devices is 
optical switch. The next generation of these devices, however, is 
Fano switches. Fano switch concept has been introduced to the 

optical electronics, thanks to efforts of Mork’s group in 
Technical University of Denmark [3] and after them a Japanese 
group in NTT Corporation [4, 5]. They demonstrated several 
structures which could make the transmission spectrum, sharper 
and more asymmetric which is named Fano spectrum. This 
phenomena could lead us to ultra-low energy consumption and 
faster all optical switches. Here we improved the characteristics 
of the Fano structure designed by NTT research group. The 
structure is based on InGaAsP material for the wavelength of 
1.55 m [4, 5]. 

II. STRUCTURAL CONCEPT  

A. Structural Concept 

The structure consists of four cavities and the In/Out 
waveguides.  In this structure, by using two cavities it is possible 
to make asymmetric Fano shape and also waveguides are used 
for guiding the light needed to be switched to the two cavity 
systems. Cavities are made by shifting two near holes in opposite 
directions in each side in a way that vertical losses of cavities 
had been suppressed. The above cavity in the structure is more 
softened by appropriate shifting of four holes instead of just two 
holes around the cavities to have a higher quality factor element 
[6] than the first cavity, this better Q contrast is required for 
having better Fano shape, i.e. this technique which is applied 
only on one of the cavities leaded us to increase Q contrast of 
cavities and because of sharp change in spectrum, the better 
filtering characteristics of the device has been achieved. In this 
structure one of the cavities is used as continuum state and 
another stands for discrete state which is required for having 
Fano shape spectrum in the output port (Figure 1) [3]. 

In proposed structure shown in Figure 2 which is presented 
here, light is deviated into two dual cavity systems responsible 
for Fano spectrum by several nearby holes in the waveguide. In 
fact, the light is diffracted in two directions after collision 
(Figure 3), and for this reason, we put the same structure in the 
bellow half to collect remaining diffracted light which is 
propagated under waveguide after collision (in previous 
structure not considered). It should be noted that the angle of 
diffraction is determined by the PhC lattice type. 
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B. Design parameters  

The bulk photonic crystal, is made up of a triangular lattice 
of triangular air holes with air hole radius of 0.25  and thickness 
of 0.4  as shown in Figure 1. The wavelength of propagated 
light in this structure is the wavelength that typically is used in 
optical communications [4, 5]. The vertical distance of air hole 

rows is  [7]. In proposed structure, because of modifying 
the structure located under waveguide, the switching loss shown 
in figure 3, become less than the results proposed in the works 
reported by Nozaki et el. [4]. Also the waveguide width correctly 
defined to provide low reflection, good optical confinement and 

also the waveguide will be remain proper for single mode 
operation. 

III. SIMULATION 

The presented structure was simulated numerically by FDTD 
method. Considering the wavelength spectrum of cavities 
enables us to do some design works for preferred transmission 
spectrum. In fact these spectrums which can be extracted by the 
software, show the frequency modes which coupled to each 
cavity. By resizing the cavities we found wavelength shift in this 
spectrums and someone could consider this shift for getting the 

Figure 2. Two cavity system presented in this paper with two 
modifications on the structure. First of all the structure is symmetrized 
for efficient light transmitting and also the up cavity is modified in a 

way that the quality factor is increased. 

Figure 3. Electric field profile mode in earlier structure. The propagated light is TE mode light because 
of the structure. 

 

Figure 4. Electric field profile mode in new structure. As shown, the diffracted light at button is transmitted 
efficiently. 

Same as above 

Figure 1. Two cavity system presented in previous Fano 
structure model. The model consists of IN/OUT waveguides 
for guiding light and two cavities for making interference, 

crucial for Fano shaping. 

Input 

Dissipated Light
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best situations regarding to photonic bandgap, material etc. In 
Fano shaped structures, these shifted spectrums make it possible 
to put them in a nearby place in wavelength towards proper 
interference and consequently have a sharper Fano shape in 
output. The input was an optical mode pulse by central 
frequency of 192 THZ corresponding to 1.56 m wavelength. 

The result, consists electric field profile of the structure and 
also output spectrum which are shown in figure 4 and figure 5 
respectively.  Consequently, according to figure 5, we see that 
intensity is increased in output waveguide which is crucial in 
optical long-haul communications. We hope to use the proposed 
idea to improve the future switching device characteristics. 

IV. DISCUSSION 

In Figure 3, the mode profile of the NTT’s structure, shows 
the dissipation of light after collision. In the improved structure 
shown in Figure 4, dissipated light is guided to the output 
waveguide. 

As shown in figure 6, the spectrum of up cavity in figure 2 is 
modulated on down cavity and because of their contrast in line 

width, clearly an abrupt change has been occurred. In fact by 
changing the size of each cavity, the designer can shift the cavity 
spectrums to have proper Fano shape in terms of contrast and 
sharpness with regard to its application and scope of application. 
Also, when the up cavity spectrum reaches its peak, the down 
cavity will experience abrupt change and this will be reflect to 
the output spectrum. This describes what exactly happened 
when Fano shape emerged in output. 

By the same reason described above, increasing the Q factor 
of the first cavity by mentioned softening method which results 
in greater Q contrast leads to sharper and more contrast Fano 
spectrum in the output port. Also, with proper design, even 
someone may have a better Fano shape in terms of contrast and 
sharpness, because in this new structure, two Fano shapes are 
interfere independently in output port (one for down half and 
another for above half) and so tiny deviation of two Fano shapes 
from each other, could lead to a 2nd order Fano shaping on input 
light. As a result, the sharpest Fano spectrum is achieved. 

In fact, what exactly happened is that after adding the same 
structure to the bottom, two improvement has been achieved, 

Figure 5. Output intensity in comparison with previous structure spectrum shifted in wavelength. 

 

Figure 6. Electric field spectrum in the cavities. Up cavity has higher FWHM and shaper spectrum in respect to down cavity. 

Figure 7. Output spectrum of the proposed structure with and without cavity softening. The dashed shape is the spectrum due to 

new cavities. The contrast is improved obviously by employing modifications to the structure. 

Figure 6. Electric field spectrum in the cavities. Up cavity has higher FWHM and shaper spectrum in respect to down cavity. 
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first of all, the dissipated light, came back to output waveguide 
and leaded to higher intensity in output and as a second result, it 
should be said that the light transmitted to the output port 
through under waveguide structure, completely collected and 
transmitted and of course after shaping in the bottom structure. 
Therefore Fano shaping for the second time which means 
interference for second time, leads to sharper Fano spectrum. 

As shown in figure 7, a Fano shape with so sharper and also 
higher contrast relative to later structures has been achieved. In 
fact, the results show 5.47 db increment in contrast of  Fano 
resonance. 

For future works, it is required to someone concentrate on 
the role of cavity spectrums in design process, which could be a 
key role to have a better Fano shape. 

V. CONCLUSION 

Results show that the Q contrast of the cavities is highly 
important to have a sharp Fano shaped spectrum. By increasing 
the Q factor of the 2nd cavity which has the higher value, the 
sharpness and contrast of the Fano spectrum is enhanced. 
However it is found that there is an important tradeoff between 

sharpness and contrast. By modifying the structure, the output 
intensity is enhanced. 

REFERENCES 

[1] K. Nozaki, A. Shinya, S. Matsuo, and M. Notomi, “Ultralowenergy all-
optical switches based on photonic crystal nanocavities,” NTT Tech. 
Rev., vol. 9, no. 8, pp. 1–6, 2011. 

[2] D. A. Miller, “Device requirements for optical interconnects to silicon 
chips,” Proc. IEEE, vol. 97, no. 7, pp. 1166–1185, 2009. 

[3] Y. Yu., W. Xue, H. Hu, L. Oxenlowe, K. Yvind and J. Mork, “All-Optical 
Switching Improvement Using Photonic-Crystal Fano Structures,” IEEE 
Photonics Journal., vol. 8, no. 2, pp.1-8, 2016. 

[4] K. Nozaki, A. Shinya, S. Matsuo, T. Sato, E. Kuramochi, and M. Notomi, 
“Ultralow-energy and high-contrast all-optical switch involving Fano 
resonance based on coupled photonic crystal nanocavities,” Optics 
express, vol. 21, no. 10, pp. 11877–11888, 2013. 

[5] K. Nozaki et al., “Sub-femtojoule all-optical switching using a photonic-
crystal nanocavity,” Nature Photonics, vol. 4, no. 7, pp. 477–483, 2010. 

[6] T. Asano, B.-S. Song, Y. Akahane, and S. Noda, “Ultrahigh-$ Q $ 
nanocavities in two-dimensional photonic crystal slabs,” IEEE Journal of 
Selected Topics in Quantum Electronics, vol. 12, no. 6, pp. 1123–1134, 
2006. 

[7] J. D. Joannopoulos, S. G. Johnson, J. N. Winn, and R. D. Meade, Photonic 
crystals: molding the flow of light. Princeton university press, 2011.

 
     

 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

  

162


