






The quality factor Q can be roughly estimated using the data from Fig. 6. According to 

Ref. [1], the energy in the micro-cavity decays in the form of e -[~},so the E field amplitude 

{%} 
will decay in a form of e 2

Q . Therefore, Q can be evaluated using Q=-[mo(N1 -No)L1t] 
2InE1/ E0 

if we know the amplitudes £ 1 and £ 0 at time step N1 and N0• Taking Mode 1 as an example, it 
reaches an amplitude £ 0=1.0 at N0=14000 time steps, and its amplitude decays to £ 1=0.40 at 
time step N1=50,000. This gives a Q value of 648. The Q values for Mode 2, 3 and 4 are 
estimated to be 276, 466 and 2936, respectively. The two degenerate modes and the mixed 
Mode 4 have similar Q values. 

The near-field pattern obtained by PWM method is the field snapshot at a time spot and 
generally the phase is fixed at 0°. Time domain method can show the oscillations of the mode 
in real time. Animations for each defect mode are shown in Fig. 7. Each animation consists of 
50 sequential field images with a time interval of 50 time steps; at one time spot each image 
records the E2 field components at all points in the whole space of study (200x200). In this 
case, the point source scheme is used. 

(a). Mode 1, Quadrupole (b). Mode 2, Quadrupole 

• • 0 0 

• 
(c). Mode 3, 2nd-order monopole (d). Mode 4, hexapole 

Fig. 7. (266kb, 271 kb, 227kb, 286kb) The animation of the near-field of Ez for the four defect 
modes in the micro-cavity. (a-d) are Mode 1-4 respectively. Only one mode of the doubly
degenerate hexapole is shown. The spatial coordinate in these pictures is the same as in Fig. 1. 

#2273 - $15.00 us 
(C) 2003 OSA 

Received March 26, 2003; Revised April 27, 2003 

5 May 2003 / Vol. 11, No. 9 / OPTICS EXPRESS 1088 



7. Conclusions 

In conclusion, we have presented two numerical techniques for excitation and analysis of the 
defect modes in two-dimensional cavities using plane wave incidence and point sources. The 
two schemes do not require incorporation of dipole sources in Maxwell's equations. By using 
a plane wave incidence along different directions or arranging point sources with positive or 
negative amplitudes in a proper way, we have selectively excited the defect modes. The plane 
wave scheme cannot excite an arbitrarily chosen mode, however, it can be used to probe the 
symmetry of defect modes in the cavity. A point source scheme requires the knowledge of 
mode symmetry first, but it can excite any chosen modes. The dynamics of the defect modes 
inside the cavity have been observed using spectral filtering. Q values have been obtained 
from the decaying field. Far-field patterns have also been calculated simultaneously and 
higher Q values make the far-field patterns more direction dependent. 
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