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Research on magnetic field sensor based on parity-time symmetry
photonic crystal structure

YT Lingjun, LI Changhong”
(College of Electronic Information, Qingdao University, Qingdao, Shandong 266071, China)

Abstract : A magnetic field detection micro-cavity model based on parity-time (PT) symmetry structure is
proposed. Using the magnetic-optical effect of hydro-based Fe, O, magnetic fluid medium layer and the
optical amplification effect of the PT-symmetry structure, when the magnetic field strength changes,the
defect mode position in the structure band gap is changed. Therefore, the magnetic field intensity can be
detected by detecting the defect mode position. In this paper,the transmission spectrum of the structure
is theoretically analyzed based on the transfer matrix method (TMM) ,and the parameters such as the
structure period,the thickness of the dielectric layer and the macroscopic Lorentz oscillation intensity in
the PT-symmetry element are numerically optimized. The optimized simulation results show that the
sensor can achieve effective magnetic field intensity detection,the sensitivity of the sensor can reach 97.
14 nm/RIU in the magnetic field intensity range of 0—500 Oe, the figure of merit and detection limit can
reach 10" and 10~ " RIU, respectively. Meanwhile, the resolution value can be as low as 0. 05 Oe and as
high as 2 Oe. The proposed sensor structure can be used in the design of high comprehensive perform-
ance magnetic field intensity testing equipment.
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Fig. 1 Model of main structure of magnetic field detection
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Tab.1 Transmission of different a values with the structure period N=10 and 11

a (X107 2.0 .1 2.2 2.3 2.4 2.5
N—=10 Transmission 12.9 17.0 23.2 33.3 51.3 85.6

a (X107Y) 2.6 2.7 2.8 2.9 3.0

Transmission 152.4 242.0227.8 136.1 76.9

a (X107Y) 2.0 1.9 1.8 1.7 1.6 1.5
o Transmission 12.9 24.0 51.0 166.2 1955.0 328
AR @ (X107 L4 L3 L2z 11 Lo

Transmission 73.3 32.2 16.9 10. 7 7.3
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Tab. 2 Resolution of the structure detecting with different magnetic field intensity H

H /Oe 0-50 50-100 100-150 150-200 200-250
Resolution /Oe 1.6-1.2 1.2-0.9 0.9-0.4 0.4-0.09 0.09-0. 05

H /Oe 250-300 200-350 350-400 400-450 450-500
Resolution /Oe 0.05-0. 07 0.07-0. 3 0.3-0.9 0.9-1. 4 1.4-2
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Tab.3 Properties of the proposed sensor for different values of magnetic field intensity
H /Oe nur S /nm « RIU" Ad Arewav Q/(X10°)  FOM/(X10'/RIUM)
0 1.3418 1301.4 0.02 0. 65 0.49
100 1.376 0 1304.5 0.007 1. 86 1. 39
200 1.4102 1308. 4 0.0015 8.72 6.48
300 1.444 4 97.14 1310.6 0.004 3.28 2.43
400 1.4785 1313.5 0.024 0.55 0. 40
500 1.5127 1318.6 0.037 0. 36 0. 26
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