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1. Introduction 

Resonant modes formed in photonic crystal (PC) micro-

cavity have been received keen attention due to their poten-

tial applications to integrated photonic devices and quan-

tum optics.[1] A critical issue for these applications is the 

realization of a cavity with high quality factor (Q). To ob-

tain high Q, a variety of cavity structures haves been stu-

died up to now. Fabry-Pérot type cavity is one of the most 

standard structures.[2] Besides, circularly arranged hex-

agonal cavity using whispering gallery mode resonance is 

also a representative structure.[1] Further, the introduction 

of optical gain within the cavity is essential for the materia-

lization of practical functional devices, since that shows 

prospect of future electrically driven lasers.[3,4] We thus 

proposed a PC cavity structure with a GaIn(N)As optical 

gain.[4] Then, the understanding on the optical characteris-

tics of such cavity structures provides beneficial concept 

for the designing of the microcavity structure. In this report, 

we investigate the optical characteristics of PC microcavity 

structures having GaIn(N)As gain focusing on their depen-

dence on the cavity structure. 

 

2. Experimental  

We prepared two series of samples based on triangular 

lattice air holes. One is rectangular cavity structure, and the 

other is a circular cavity structure.[2-4] Both the series of 

samples were fabricated with the multilayered structure 

having topmost 300 nm GaAs slab epitaxially grown on 

GaAs substrate. A 7 nm GaIn(N)As gain existed at the 

middle of the slab layer. The slab was formed on 500 nm 

AlOx clad obtained by a selective wet oxidation of AlAs 

layer.[4] 2-dimentional PC cavity structures were fabricated 

by electron beam lithography and inductively coupled 

plasma etching. We prepared series of rectangular cavity 

varying its number of missing air holes, the detail of which 

will be described later. The rectangular cavity contains 

GaInAs gain having its emitting wavelength of 1.15 m. 

We employed the PC’s lattice constant a=300 nm and the 

radius of the air holes r=0.30a. On the other hand, we fa-

bricated so-called modulated H5 cavity for the circular cav-

ity structure, containing GaInNAs having its emitting wa-

velength of 1.30 m.[1,4] We employed the PC’s lattice 

constant a=320 nm and the radius of the air holes r=0.30a. 

The fabricated cavities were characterized with a mi-

cro-photoluminescence (PL) setup at room temperature. 

The beam spot was focused to 2 μm diameter at the cavity 

surface by microscope objective. The PL was collected 

through the same objective lens. The observed feature was 

characterized by a plain analytical expression with the 

comparison of three-dimensional finite-difference 

time-domain (FDTD) simulations. 

 

3. Result and Discussion 

The structure of a rectangular cavity was shown in Fig. 1 

(a). We define (V, H) cavity corresponding to the number 

of missing air holes. Fig. 1 (b) shows the spectra obtained 

from the cavities varying their V and H. The sharp peaks 

vary their wavelengths with respect to the cavity structure 

as indicated by the arrows in the figure. Note that when we 

vary H between 15 and 18, the wavelength of the sharp 

peaks do not change. Hence, the observed variation of the 

peak wavelengths in Fig. 1 (b) stems from the difference of 

V. That could be due to the parallel arrangement of the air 

holes adjacent to the cavity as indicated in Fig. 1 (a), pro-

viding an efficient Fabry-Pérot type resonance within the 

cavity.  

For the characterization of the above observed resonance, 

we simulate the electromagnetic field distribution with 

FDTD simulation. Fig. 1 (c) shows a mode obtained by that, 

showing a Fabry-Pérot like distribution along the vetical 

direction. Further, we apply a plain analytical expression 

[2] described as  

         N N =2n (d+)   ,     (1) 
where N is the number of waves, N is the wavelength, n 

is the effective refractive index here we assumed that to be 

3.4 of GaAs, d is the width of the cavity and is the pene-

tration length of the wave. Then, fitting for the experimen-

tally observed mode peaks returns the penetration length  

for each cavity structure. The results are plotted in Fig. 1 

(d). As seen in the figure, the smaller the cavity structure, 

the shorter becomes. This phenomenon is examined by 

FDTD simulation as also shown in Fig. 1 (d). The penetra-

tion of wave should be considered for the designing of de-

vices, [5] thus the above finding can provide a concept for 

its control. 

We also investigate the characteristics of circular-

ly-arranged PC cavity (modified H5 cavity) with the com-

bination of analytical expression and FDTD simulation. 

The inset of Fig. 2 (a) shows the schematic structure of the 

cavity. The radius of the cavity was defined as seen in the 

figure, here we employ R = 4.50a. The PL obtained from 

the cavity associated with the spectra calculated by FDTD 

simulation are shown in Fig. 2 (a). We observe sharp peaks 

related to defect modes. We here focus on the peak ob-
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served at 1.3 m indicated with arrows in the figure. Based 

on the design of the cavity with FDTD simulation, the 

mode should correspond to the one having whispering gal-

lery mode adjusted at the telecommunication wavelengths. 

[1,4] The high Q factor can be achieved with this mode 

because of the resonance of the PC structure.[1,4,6] The 

simulated Hz distribution and the | Hz |
2
 distribution along 

the indicated line is shown in Fig. 2 (b). We again try to 

investigate the feature of the mode with analytical expres-

sion, 

         N N =2 neff rFDTD   ,     (2) 

where rFDTD is the radius of electromagnetic field distribu-

tion for the mode defined as Fig. 2 (b), and neff is the effec-

tive refractive index. Then, we obtain rFDTD/R = 0.833 and 

neff=2.66 from the results. Those parameterization should 

enable the estimation of the current injection area and the 

confinement efficiency of the system.[4] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (a) Schematic drawing of rectangular (V,H) cavity structure. 

(b) PL spectra from the cavities varying the V and H. (c) Hz 

distribution obtained by FDTD simulation. (d) Penetration length 

 obtained by analytical expression with eq. (1) and FDTD simu-

lation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 2 (a) PL spectra from H5 cavity. The inset is the schematic of 

the cavity structure. (b) Hz distribution associated with |Hz|
2  

along the indicated line obtained by FDTD simulation. 

 

4. Summary 

 We have studied the characteristics of localized modes in 

GaAs-related PC cavity structures. Comparing the analyti-

cal expressions with FDTD simulation, we investigated the 

features of the cavity. For the Fabry-Pérot type resonance 

within the rectangular cavity, we found that the penetration 

of the wave into PC is longer for the larger cavity structure. 

The circular cavity shows whispering gallery mode reson-

ance. The analysis enabled the estimation of the effective 

diameter and the refractive index of the modes, probably 

applicable to for the designing of device structure. 
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