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Abstract— In this paper we discuss three types of light polarization that can be used for heat-assisted magnetic recording 
(HAMR) system. The light delivery system consists of dielectric slab waveguide and C-aperture near field transducer (NFT). 
The proposed geometry is designed to integrate with the 632 nm visible light source. The simulated results show that the 
power intensity distribution along x- and y-directions for elliptical polarization provides overall highest intensity. 
Furthermore, the electric field intensities of circular and elliptical polarizations are around 30% and 15% respectively, higher 
than that of the linear polarization in the y-direction. The spot sizes measured from circular and elliptical polarizations at full 
width half maximum (FWHM) and Gaussian approximations are relatively similar and are slightly larger than that obtained 
from the linear polarization. Results of power intensity and spot size show circularly and elliptically polarized lights at 632 
nm as the potential light source modes for the HAMR system. 
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I. INTRODUCTION 
 
Heat assisted magnetic recording (HAMR) is the next 
generation of hard disk drive (HDD) technology that 
has been proved to significantly increase the capacity 
of HDD The HAMR technology applies heat to the 
high anisotropy magnetic recording layer right before 
writing, to reduce the magnetic coercivity of the 
recording layer. The media are then rapidly cooled 
due to high anisotropy property of the recording layer 
or by adding the heat sink layer underneath. 
Associated with increasing areal density is a 
relatively small spot size. The small laser source is 
utilized along with planar solid immersion mirror 
(PSIM) and NFT [1]-[2]. The media consist of 
several layers responsible for different functions. 
Layers are made from different materials with 
different thicknesses. These layers are the main factor 
affecting spot size and heat transfer efficiency. 
Example of the media layers include interlayer 
(MgO), seed layer (NiTa) and recording layer (FePt) 
[3]. It is reported that the thermal spot likely increases 
with the thicknesses of interlayer and seed layer.  
Laser source and light characteristics also affect 
thermal spot and output power [4]. One report shows 
that different wavelengths result in different size 
spots [5]. 
Typical shapes of nanoapertures NFT include L-
aperture, I-aperture and C-aperture. It is reported that 
the C-aperture is the optimal NFT nanoaperture since 
it provides high power and small spot size [6]. The 
aperture size, wavelength, and linear TE (Transverse 
Electric) and TM (Transverse Magnetic) polarized 
light modes are experimented in [7]. They found that 
the 80 nm C-aperture element with the TM mode 
light source provides optimum thermal spot and 
power throughput, as shown in Fig.1.  It is also 
reported that the light delivery consisting of the linear 
polarized light at 850 nm and C-aperture NFT 

provides higher power transmission than the 
circularly polarized light [8]. 
In this paper, we aim to explore the effects of light 
polarizations, i.e., linear, circular and elliptical, on 
light characteristics, output power, and thermal spot 
of the HAMR system using visible light region. The 
light of 632 nm wavelength (red) is chosen, due to its 
luminosity. In addition, it is easy to manufacture the 
light source at this wavelength. 
 

 
Fig. 1. Power transmission throughput and spot size (FWHM) 

as a function of C aperture element size. [7] 
 

II. STRUCTURE AND MODELING  
 
Linear, circular and elliptical polarizations area 
shown in Fig.2 [11]. In linear polarization, the 
electric field (E) vector remains in a single plane. 
There are two special cases of linear polarization; 
horizontal and vertical polarizations. Circular 
polarization is a case where two plane waves of the 
same frequency, same amplitude, and π/2 phase 
difference. Elliptical polarization is two waves of the 
same frequency, same amplitude, and π/4 phase 
difference [12]. 
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Fig. 2. Polarization of light at Z=z (Assume wave propagation 

in z direction) [11] 
 

Fig.3 shows the geometry of the light delivery system 
and the media. The light delivery system consists of 
dielectric slab waveguide with PSIM. The C-aperture 
NFT is located at the waveguide output. The media 
layer is located underneath the light delivery system. 
The dielectric waveguide consists of a core 
(refractive index–n=2) and a cladding (n=1.46). The 
dimensions of the waveguide core at the entrance 
position are 245 nm in y-direction and 300 nm in x-
direction. The transducer is made of Au. The 
transducer length, width and thickness are 600 nm, 
320 nm, and 70 nm, respectively. Its aperture length 
and width are 170 nm and 44 nm, respectively. 
Finally, the tip length and width are 22 nm and 20 
nm, respectively. The media layer consists of 
recording layer (FePt), seed layer (MgO) and heat 
sink layer (Au). The refractive indexes of materials 
are presented in Table 1. The air gap between 
transducer and media surface is 4 nm. 

 

 
Fig. 3. The HAMR light delivery system equipped with the C-

aperture NFT [9]. 
 

Table 1: Material and refractive index 

 
 

The polarization efficiency is determined by the 
power intensity at the transducer output. The focal 
beam spot size at 13.5% of intensity or Gaussian and 

50% of max intensity or FWHM [10] are determined 
via power intensity distribution. The simulation is 
performed using COMSOL Multiphysics.   
 
III. RESULTS AND DISCUSSION 
 
Fig.4 shows the power intensity distributions at the 
transducer output (C-aperture) in the x direction 
(across the waveguide) obtained from 3 wavelengths 
at 632 nm, 750 nm, and 850 nm. The output power of 
linearly polarized light at 632 nm is obviously higher 
than other wavelengths. This light wavelength is thus 
an optimal choice for our system. 

 

 
Fig. 4. Power intensity distribution along x direction in for 

different wavelengths. 
 

In order to determine the optimal light mode for 
HAMR system, transducer output parameters that are 
electric field distribution, magnetic field distribution, 
and power intensity distribution, are simulated. The 
results are shown in Fig.5–7 in both x- and y- 
directions. All polarizations exhibit relatively similar 
intensity distributions. Fig.8 shows the output near 
field distributions. 
 

 
(a) 

 
(b) 

Fig. 5. Distribution of electric field a) x-direction b) y-
direction. 
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Fig. 6. Distribution of magnetic field a) x-direction b) y-

direction. 
 

 
Fig. 7. Power intensity a) x-direction b) y-

direction. 
 
Electric field intensity distributions as shown in 
Fig.5, clearly shows that the circular polarization 
provides the highest intensity inside the core about 
2.58x106 V/m along the y-direction. The magnetic 
field intensity distribution along the x- and y-
directions as shown in Fig.6, however, reveals the 
highest intensity around 1.31x104 A/m with the linear 
polarization in the y-direction. Power intensity 

distribution along x- and y-directions as shown in 
Fig.7 shows that the elliptical polarization provides 
overall highest intensity in both directions. The peak 
amplitudes are summarized in Table 2. Moreover, it 
is found that the electric field intensities of circular 
and elliptical polarizations are 30% and 15% 
respectively, higher than that of the linear 
polarization in the y-direction  
 

Table 2: Peak amplitudes for different 
polarizations 

 
 
The power intensity distribution plots are then used in 
the spot size calculations by FWHM and Gaussian 
approaches, respectively. The results are shown in 
Table 3. We found that, by considering the spot size 
in both directions altogether, ones obtained from 
circular and elliptical polarizations are relatively 
similar and are slightly larger than that obtained from 
the linear polarization.  The power intensity 
distribution plots are shown in Fig.8(c). Note that, the 
overall spot size is still too large for the actual 
operation. This is probably due to the applied 
wavelength. Potentially, the spot size can be further 
decreased by decreasing wavelength [5], optimizing 
the transducer size, and geometry. 

 

 
(a)           

 
(b) 
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(c) 

Fig. 8. Near field intensity distributions of (a) electric field (b) 
magnetic field and (c) power intensity 

 
Table 3: Summary of spot size for different 

polarizations 

 
 
CONCLUSIONS 
 
The light output characteristics at the C-aperture NFT 
of the HAMR light delivery system are simulated 
using linear, circular, and elliptical light modes at the 
visible light wavelength of 632 nm. The results show 
that circular and elliptical polarizations provide 
higher power densities and the thermal spots are 
slightly larger than that of the linear polarization. 
From these results, power transmission efficiency can 
therefore be improved with circularly and elliptically 
polarized visible light of 632 nm and C-aperture 
NFT. However, the overall spot size is still too large 
for the actual operation. The areal density might not 
be significantly improved as expected. Future work 
includes areal density improvement by decreasing 
wavelength and geometric optimization 
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