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In this paper, we propose an energy storage circuits for magnetic energy harvesting.  We successfully harvested 
104 mW from applied magnetic field of 90 �T at 60 Hz. This magnetic field is smaller than the value that 
ICNIRP2010 guideline provided.  In order to use effectively the harvested energy, we consider energy storage 
circuits.  Because an increase in an output voltage produced an increase in the storage energy, we use 
Cockcroft-Walton circuit for transform AC to DC voltage and step up voltage.  Our proposed storage circuit consists 
of Cockcroft-Walton circuit, capacitor, and constant voltage circuit.  It was found that the storage energy was 
proportional to the square of number of Cockcroft-Walton circuit steps.  From experiments, we successfully 
demonstrate that our energy harvesting device can provide an energy of 1 J for magnetic flux density of 5.43 �T. 

Keywords:  magnetic energy harvesting, energy storage circuit, Cockcroft-Walton circuit, energy harvesting module, 
power conditioning module. 
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Table 1  Energy consumption in mobile devices [9, 10]. 

Device Energy per 
second (mJ/s) 

Quartz watch 0.005 
Wireless sensor node 0.100 

Heart rate meter 0.833 
Respiratory rate meter 0.833 

MP3 player 97.2 
Mobile phone (conversation) 778 

Mobile phone (standby) 41.6 
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Fig. 1  Block diagram of energy harvesting device.

Fig. 2  Equivalent circuit of the energy harvesting module. 

Table 2  Specifications of the energy harvesting module. 

Property Value 

Mean radius, a (m) 0.105 
Number of turns, n (turn) 18395 
Inductance of coil, L (H) 60.3 
Resistance of coil, R (�) 1060 

Resonant capacitor, C (�F) 0.110 
Dummy load, RL (�) 1000 

Resonance Frequency, fi (Hz) 60 
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Table 3  Specifications of LTC3588. 
Parameter Value 

Start-up voltage (V) 6 ~ 18 
Output voltage (V) 1.8, 2.5, 3.3, 3.6 

Fig. 3  The output voltage of the energy harvesting module 
as a function of magnetic flux density. 

Fig. 4  Cockcroft-Walton circuit (s = 2). 

Fig. 5  Simulated result of the ripple voltage ratio and 
stabilizing time as a function of the capacitance. 
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Fig. 6  Experimental setup. 

Fig. 7  Comparison of the efficiency as a function of 
magnetic field, as a parameter of the number of steps. 

Fig. 8  The harvested power as a function of time. The 
storage circuits were Full-wave rectifier circuit and CW 

circuit (s = 2). 
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Fig. 9  Required of charge time and magnetic flux density 
for harvesting 1 J as a function of number of step. 

Fig. 10  The limited output voltage as a function of 
magnetic flux density. 

Table 4  Required of magnetic flux density and charge 
time for 1 mJ and a 1 J by using air core coil as a function of 

magnetic field, as a parameter of the number of steps. 

P = 1 mJ P = 1 J 
B

(�T)
t

(min) 
B

(�T)
t

(min)
Full-wave 1.54 6.02 45.1 2.17

2 0.929 6.60 24.4 8.36
4 0.598 17.3 11.6 20.2
6 0.370 97.3 8.19 42.0
8 0.300 121 6.52 95.4
10 0.268 158 5.43 117 
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