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Design and optimization of a novel transcranial magnetic stimulation coil

LIANG Jie, SHI Sushuang, YAO Shuang, SHI Zhanqun
School of Mechanical Engineering, Hebei University of Technology, Tianjin 300401, China

Abstract: Objective To design a new type of coil and use a shield plate to optimize the focusing area, so that the coil can meet
the usage requirements to the greatest extent possible. Methods Based on a 3-layer head model, COMSOL simulation
software was used to establish a real human head model. After effectiveness verification, the traditional 8-shaped coil, new
coil, and head model were jointly simulated to explore the optimal performance parameters of the new coil. The focusing
performance was further improved by adding a shield plate, and the effects of different shield plate window sizes on focusing
performance were analyzed. Results Compared with the traditional 8-shaped coil, the new coil improved the magnetic field
intensity in the brain by 32%, increased the stimulation depth by 152%, but slightly expanded the focusing area, decreasing
the focusing performance by 7.2%, which demonstrated the superior performance of the new coil than the traditional 8-
shaped coil. After optimization using a shield plate with a window size of 600 mm?, the focusing performance of the new coil
was improved by 30%, verifying the effectiveness of the shield plate on the coil performance. Conclusion The feasibility of
the new coil is proved in terms of performance parameters, and the effects of different coil sizes and shield plate sizes on
evaluation indicators are explored, laying a foundation for subsequent research on transcranial magnetic stimulation.
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Figure 1 Three—layer head ball model
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Figure 2 Electric field intensity generated on the scalp surface
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Figure 3 Magnetic field intensity generated on the scalp surface
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Figure 4 Magnetic field intensity generated in the brain
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Figure 5 Three—dimensional models of human head
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Table 1 Biological tissue parameters of human head tissues at 2500 Hz
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Figure 6 Front view of the magnetic field distribution of the new coil
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Figure 7 Magnetic field intensities of various layers of tissues in the head
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Figure 8 Relationship between focusing volume and stimulation depth
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Figure 9 Relationship between focusing area and stimulation depth
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Table 2 Comparison of simulation results for two different sizes of coils
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Figure 10 Distribution map of magnetic induction intensity in the new coil
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Figure 11 Distribution map of magnetic induction intensity in an 8—shaped coil
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Figure 14 Relationship between window size and electric field intensity
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Table 4 Comparison of new coils with and without shield plate
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