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Development of air—core coils for energy harvesting of magnetic noise focused on commercial frequency
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This paper presents a design of air—core coil for energy harvesting of magnetic noise focused on
commercial frequency. We prepare four Brooks coils as parameters of size and spacing factor. The
developed energy harvesting element is serial RLC circuit. It is composed by the Brooks coil, matching
capacitor and matching load. From the experimental results, we successfully demonstrate the energy
harvesting of 1 mW power from a magnetic field of 60 Hz, and the required flux density is less 25
» T. Consideration of the optimum design for the element is also discussed.
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Fig.1 Equivalent circuit of the energy harvesting element.
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Table 1  Specifications of energy harvesting elements.

Coil 1 Coil 2 Coil 3 Coil 4
(Coil parameters)
Coil width, ¢ [mm] 50 70 50 70
Diameter of wire, & [mm)] 0.5 0.5 0.5 0.5
Spacing factor, S 0.850 0.938 0.108 0.107
Number of turns, n 8500 18395 1080 2104
Inductance, L [H] 9.20 60.3 0.150 0.789
Resistance, R [Q] 350 1060 447 121
Cutoff frequency, £, [Hz] 6.0 2.8 50 24
(Energy harvesting element)
Resonance frequency £, [Hz] 60 60 60 60
Matching load, 7y [Q] 320 1000 45 120
Matching Capacitor, C [pF] 0.7 0.11 47 8.6
Quality factor, O=2nfoL/(2R) = nf,L/R 5 11 0.63 1.22
Half band width, f,/Q [Hz] 12 5.5 95 49
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Fig.2 Our developed energy harvesting elements with

air-core Brooks coils.
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Fig.3 Simple-Cubic-3 coil system.
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Fig. 4 Magnetic field distribution on the center plane of
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Fig. 5 Output voltage of energy harvesting elements as a function of frequency, as a parameter of magnetic flux density. The

uniform magnetic field was generated by SC3 coil system.
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Fig. 6 Harvested power as a function of magnetic flux
density, as a parameter of number of elements.

Table 2 Summarized ability of energy harvesting elements.

Coil 1 Coil 2 Coil 3 Coil 4
Pur[pW] 0.35 1.57 0.03 0.22
Bimw [LT] 53 24.2 166 65.7
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