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1. Introduction 
 
 For ultra-high speed recording, all-optical magnetic recording technology with circularly 
polarized lights has been studied [1-3]. However, it was difficult to localize circularly polarized 
light for realizing higher density magnetic recording because of the diffraction limit. Our proposed 
plasmonic cross antenna can generate the nano-sized circularly polarized light inside the recording 
media for high density magnetic recording [4, 5]. In this paper, we analyze the electromagnetic 
fields of a plasmonic cross antenna and the bit-patterned media by the ADE-FDTD method [6]. The 
intensity of the electric fields inside the bit-patterned media and the speed to generate the circularly 
polarized light are discussed for all-optical magnetic recording. 
 
2. Computational Method and Model 
 
 We apply the finite-difference time-domain (FDTD) method with the auxiliary differential 
equation (ADE) method to compute the near-field light of dispersive media expressed by the Drude 
model [7]. In particular, we combine the Maxwell equations with the current which is described by 
the electron movement. The finite difference equation for the electromagnetic fields and the 
polarization current are expressed by, 
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The computational order is Hn+1/2, En+1, Jl 
n+1, and Pl 

n+1. In this computation, the three dimensional 
mesh size 1.0×1.0×1.0 nm3 and time increment 1.9×10-18 s are selected. The analytical region is 
surrounded by the convolutional PML (CPML). 
 Figure 1 shows the computational model of the plasmonic cross antenna with the bit-
patterned media in free space. The plasmonic antenna has the width of 10 nm, the height of 40 nm, 
the beak size of 20 nm, and the gap of 10 nm. We choose the bit-patterned media composed of 
nano-sized cylinders whose diameter is 10 nm, thickness is 10 nm, and separation is 7.0 nm for 
realizing 2 Tbit/inch2 recording density. The space between the media and the antenna is 5.0 nm. 
Materials of the antenna and the media are gold and cobalt, respectively. The incident light is a 
sinusoidal plane wave propagating in the negative z-direction. The amplitude of the electric field is 
1.0 V/m and the wavelength is 780 nm. Here, θ is an angle formed by the x-axis and the electric 
field component of the incident light on the x-y plane. The observation point is at the middle of the 
center particle. 
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Figure 1: Computational model of the plasmonic cross antenna with the bit-patterned media. 

 
3. Numerical Results 
 
 To determine the antenna length 1 and length 2, the plasmonic antenna with the bit-
patterned media is analyzed when the angle θ is 0 deg and the antenna length 2 is 90 nm. We 
investigate the characteristics of this antenna to produce the phase difference between the x and y 
components of the electric fields.  
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Figure 2: Characteristics of the electric intensity and the phase shift. 
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 Figure 2 shows the characteristics of the intensity of the electric fields and the phase shift 
for the computational model at the observation point. The antenna length 1 is varied from 80 to 105 
nm to observe the intensity of the electric field. The phase shift is assumed to be 0 deg for which the 
electric intensity becomes the maximum. 
 Considering the characteristics described in Fig. 2, we are able to select some combinations 
of the antenna length 1 and 2 for which the difference of the phase shift becomes 90 deg to generate 
the localized circularly polarized light from a linearly polarized light inside the bit-patterned media. 
For example, the antenna length 1 and 2 are selected as 103 and 87 nm, respectively, as the case 1 
or the antenna length 1 and 2 are selected as 97 and 84 nm, respectively, as the case 2. The angle θ 
is determined as 27.3 deg to match the value of the x and y components of the electric intensity in 
the case 1. In a similar way, the angle θ is determined as 47.7 deg in the case 2. 
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(a) Time response                                                   (b) Lissajous curve 

Figure 3: Temporal variations of the electric fields for the case 1. 
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(a) Time response                                                   (b) Lissajous curve 

Figure 4: Temporal variations of the electric fields for the case 2. 
 
 
 Figure 3 (a) shows the time response of the electric fields Ex and Ey in the case 1. We can 
confirm that the x and y components of the electric fields are different in transient state. It takes 
about 29 fs to be in steady state. Figure 3 (b) shows the Lissajous curve of the electric fields Ex and 
Ey in the case 1. Clockwise circularly polarized light is generated from a linearly polarized light at 
the observation point.  
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Figure 4 (a) shows the time response of the electric fields Ex and Ey in the case 2. It takes 
about 51 fs to be in steady state. We verify that the x and y components of the electric fields are 
alike even in early time response. Figure 4 (b) shows the Lissajous curve of the electric fields Ex and 
Ey in the case 2. Clockwise circularly polarized light is generated from a linearly polarized light at 
the observation point.  
 The characteristic of circularly polarized light for the case 1 and the case 2 is summarized 
as follows: the time to generate circularly polarized light in the case 1 is faster than that in the case 
2, however the electric intensity of circularly polarized light in the case 1 is lower than that in the 
case 2. 
 
 
4. Conclusions 
 
 We analyze the electromagnetic fields of a plasmonic cross antenna and bit-patterned media 
by the ADE-FDTD method. Clockwise circularly polarized light is generated inside the bit-
patterned media. It is clarified that the value of the electric intensity and the speed to generate the 
circularly polarized light are different by selecting the combinations of the antenna lengths for 
which the phase difference is 90 deg. 
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