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ABSTRACT: Nano cavities based on silicon and indium phosphide materials have been compared 
in this study, considering field intensity enhancement factor. The results of FDTD based simulations 
declare that the Si nano-cavity improves confined optical field about 7.7 times higher than the InP based 
nano-cavity. The introduced dielectric nano-cavities support resonance wavelength at about λ=1.55 µm.
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The importance of designing all optical systems re-
quires applying basic structures. The optical nano cavi-
ties, specially the photonic crystal based nano cavities 
help to reach this goal in study and practice. Dielectric 
nano cavities play important role in different fields of 
optics and photonics and have been utilized in various 
forms in diverse optical integrated circuits and systems 
[1-4].

In recent decades, the researchers have designed 
(simulation and construction) different types of opti-
cal cavities to improve their optical properties appli-
cable in wide range of applications [5-6]. One of the 
most important devices can be designed by introduc-
ing PC nano cavities are optical sources and lasers. In 
this study we compare the efficiency of silicon based 

and Indium phosphide based nano cavities considering 
optical field intensity enhancement factor. Mesh grids 
have been carefully selected in order to cover nanome-
ter size spaces.

RESULTS AND DISCUSION

Photonic crystal nano-cavities based on silicon mate-
rial and Indium phosphide material have been designed 
and simulated utilizing finite difference time domain 
(FDTD) based simulation method. In addition to own-
ing different dielectric substrate, the structural param-
eters of nano cavities i.e., the radius of the air holes and 
the center to center distances between air holes (lattice 
constant) in core and cladding sections are also differ-
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ent. Fig. 1 shows the structure of studied resonator 
nano-cavities. The resonators are formed in H-type 
photonic crystals.

The geometrical parameters of the Si-based PC nano 
cavity are as follows: Core air hole radius = 75 nm, 
cladding air hole radius = 144 nm, core lattice con-
stant = 426 nm, cladding lattice constant = 440 nm. 
These parameters are defined for InP-based nano cav-
ity as follow: Core air hole radius = 100 nm, cladding 
air hole radius = 100 nm, core lattice constant = 550 
nm, cladding lattice constant = 440 nm. To calculate 
the enhancement factor of the nano cavities, the struc-
tures are simulated utilizing 3D-FDTD based numeri-
cal calculations applying proper boundary condition 
of perfectly matched layer (PML). The input source is 
electrical dipole that is polarized in x-polarization and 
is applied to the structures located within the struc-
tures.

Benefitting 3D monitors placing on the surface part 
of the nano cavities, we obtain the improved optical 
fields produced by the cavities. Si nano cavity im-
proves optical field about 2.3×103 times regarding the 
exciting field and InP nano cavity enhances the input 
field about 300 times. The field profiles are illustrated 
in Fig. 2. Clearly, Si-based PC nano cavity amplifies 
light stronger than the InP-based one by the factor of 

about 7.7. 
Since, the performance of the structures are compa-

rable when the devices resonate at the same resonance 
wavelengths, we plot resonance spectrum of the cavi-
ties illustrated in Figs. 3 and 4. Introduced nano cavi-
ties enhance the incident optical field at the resonance 
wavelength of about λ = 1.55 µm, more precisely, λSi 
= 1558 nm and λInP = 1533 nm.

CONCLUSIONS

The optical filed intensity improvement factor was 
studied in this paper. For introduced nano cavities of 
Si and InP, simulation results demonstrate that the Si-
based nano cavity amplifies more the incident light. 
Respecting this fact it is very important to select the 
suitable nano cavity for different types of applications 
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Fig. 1. Schematic of the structure of nano cavities.

Fig. 2. Enhanced optical field profiles of Si and InP nano 
cavities

Fig. 3. Resonance wavelength spectrum of Si nano cavity

Fig. 4. Resonance wavelength spectrum of InP nano cavity
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and systems.
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