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Abstract. This paper presents an interface circuit with power control features for electrostatic 

vibration energy harvesting. A DC-DC convertor is used to control the output voltage of a 

diode-based charge pump circuit. Therefore, the maximum and minimum voltage across the 

variable capacitor of the energy harvester may be adjusted to track the maximum power point 

of the system. The power conversion function of the DC-DC convertor depends on the 

switches configuration. An example of Maximum Power Point Tracking (MPPT) for different 

conversion function is presented in this paper. Simulation results show that at least 10 µW is 

generated. 

1. Introduction 

Replacement or recharging of batteries is a major problem for wide development of microscale 

devices such as wearable electronics, medical implants and wireless sensor networks. Energy 

harvesting provides a solution. One of the possible power sources in this case is ambient vibration. 

Electrostatic transduction is a promising way to convert ambient vibrations into electricity. In 

functional systems, energy harvesting device generally require circuits interface between the harvester 

and the energy storage element to provide power management function. Since energy harvesting 

devices produce relatively low output power (often only microwatts), specialized power electronic 

circuit are necessary.     

 In this paper, an interface circuit with power control features is presented. It includes a N-cells diode-

based interface circuit implementing rectangular charge-voltage cycles [1, 2]. The simplicity and the 

high efficiency of this interface circuit enabled to implement ultra-low-power electrostatic energy 

harvesters [3]. However, this diode-based circuit cannot optimize the performance of the system by 

itself. Due to mechanical damping induced by energy conversion, previous works showed that there 

exists an optimal operating point at which the output power is maximum [4]. In practice, the operating 

point can be controlled by adjusting the output voltage value of the N-cells circuit. The association of 

this circuit with a DC-DC converter enables to achieve this control. 
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2. Theoretical analysis of the proposed circuit 

The proposed circuit is presented in Figure 1. It consists of an N-cells diode-based interface circuit and 

a DC-DC convertor. The N-cells diode-based interface circuit is used to provide initial charge to the 

variable capacitor and transfer the generated energy to the storage capacitor (or bulk) Cres. The 

converter’s input is connected to the Cres and the output is here connected to a rechargeable battery. 

The start switch is used to provide initial charge to the variable capacitor. The DC-DC converter 

consists of an inductor and four switches. Its power conversion function depends on the switches 

configuration and drive. 
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Figure 1. Schematic diagram of the proposed 

circuit 

 

Table 1.  States of switches for different type of 

converter 

 Table 1 presents the control of the switches for different possible features. the converter is used 

to transfer the energy from the storage capacitor to the battery. Hence, the converter function to be 

used is determined by the optimal voltage range [VCresL, VCresH] across Cres and the voltage VDC of the 

battery. If VCresL>VDC, a buck converter is required and a boost converter is necessary when 

VCresH<VDC. Indeed, they can all be replaced by a buck-boost converter, but with more switches to 

control, which requires more power to drive the switches. A reversible converter can be also achieved 

using this generic topology. The use of a reversible converter enables dynamic control of the voltage 

VCres by controlling energy flows between the battery and the capacitor Cres in both directions. 

 

3. Spice Simulation  

To study the performance of the proposed circuit, an out-of-plan gap-closing MEMS energy harvester 

[5] was modelled using LTspice software. In the simulations, to get to a high level power range, the 

gap is modified from 40.5 µm to 81 µm and the mass is changed from 0.066 g to 0.198 g. Figure 2 

shows the model schematic of the harvester with a two-cells interface circuit. In this model, the 

excitation mechanical force is represented as a voltage. The linear mechanical resonator is modeled by 

a L-C-R circuit, these components representing respectively the inertial mass, the spring compliance 

and the mechanical damping. The electromechanical coupling is modelled by two behavioral voltage 

sources. The theoretical expressions of the MEMS capacitance and the electrostatic force as a function 

of the the displacement x from the rest position are given respectively by equations (1) and (2).  

𝐶𝑣𝑎𝑟 = 𝜀 ∗ 𝑆(
1

𝑑 − 𝑥
+

1

𝑑 + 𝑥
) (1) 

𝐹𝑒𝑙𝑒𝑐_𝑚𝑒𝑐ℎ =
1

2
∗ 𝑉(𝐶𝑣𝑎𝑟)

2 ∗ (
1

(𝑑 − 𝑥)2
−

1

(𝑑 + 𝑥)2
) (2) 

In the DC-DC convertor, the ON and OFF states of the electronic switches were modelled by 1  and 

10
10

  resistors respectively. The switches were operated periodically at 100 kHz with a duty cycle of 

50%. The inductor value is 1 mH.  
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Figure 2. LTspice model of the MEMS e-VEH and the proposed circuit 

 

 In the simulation, the acceleration was progressively increased at first and then kept constant 

when it reached 16 m/s
2
. The waveform of acceleration and the simulation results of power of Cres and 

VCres, when all the switches are open, are presented in Figure 3. One can clearly see that there exists an 

optimal voltage value of VCres for which the harvested power is maximum. This is due to the 

electrostatic force, which induces strong damping of the resonator at higher voltages. One can clearly 

see that the maximum power is 11 µW when VCres is about 22V. Choosing a voltage interval of VCres 

from 18V to 27V enables to get at least 92% of the maximum power.  

 Simulated waveforms of power of Cres and VCres with different topologies of convertor for 

MPPT are presented in figure 4. A buck DC-DC convertor was connected to a battery of 10V. Hence, 

the capacitor Cres was initially charged to 10V. The convertor didn’t work with the switches S1, S3, S4 

open and S2 closed. After 45s, VCres reached 27V and the switch S1 was periodically turned on and off 

with 50% duty cycle at 100 kHz. After several cycles, VCres went down to 18V and the convertor 

stopped. VCres came back to 27V after 18s and the convertor started to work with the switch S1 

periodically turned on and off. A boost DC-DC convertor was connected to a battery of 40V. This 

voltage was too high to start up the system with a weak vibration at the beginning. Hence, at first, to 

discharge the capacitor Cres, the boost convertor worked with S1 closed, S2, S3 open and S4 

periodically turned on and off.  A reversible convertor was also connected to a battery of 40V. 

Compared to the boost and buck ones, it had not to use the start switch and the capacitor Cres was able 

to be charged to any voltage at the beginning. In this simulation, VCres was initially charged to 14V 

with the switches S2, S3 open and the switches S1, S4 periodically turned on and off with 50% duty 

cycle at 100kHz. After 45s, VCres was discharged when the switches S1, S4 open and the switches S2, 

S3 periodically turned on and off. For the 3 different topologies of convertor, one can clearly see that 

at least 10 µW is generated.  
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Figure 3. Simulated power in Cres, VCbias, and 

VCres vs time 

Figure 4. Simulated waveforms of power in 

Cres (dotted lines)and VCres (solid lines)with 

different topologies of convertor for MPPT 

 

4. Conclusion 

This interface circuit for electrostatic energy harvesters enables to adjust the voltage across the 

variable capacitor to optimize the performance of the system. Simulation results show that Tracking of 

maximum power point is achievable for different functions of DC-DC convertor. Our future work will 

focus on the strategy of switch control and on the design of the integrated control circuit. 
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