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ABSTRACT: Variable reluctance energy harvesters (VREH) are scavenging devices that provide a sinusoidal voltage of variable frequency and have an inductive output 
impedance. Thus, to maximize power extraction, a variable capacitor is required to perform impedance matching at each frequency. The technology of the capacitor plays a 
significant role since it determines the physical size and possible capacitance deviations in the presence of high voltages. Film capacitors have the closest to ideal behavior as 
they do not suffer from DC bias; however, due to their larger size, in applications with space restrictions using ceramic capacitors is more convenient. Class I C0G capacitors are 
very stable, however, their capacitance range is limited to 1μF. Class II ceramic devices capacitances range is wider, however, their capacitance and ESR change with the 
operation conditions. A modeling methodology that considers the capacitance changes of class II ceramic capacitors under high voltages is combined with genetic algorithms to 
design a capacitor array that dynamically match the impedance of the harvester. Two capacitor arrays are built and tested, one with film capacitors and the other with ceramic 
capacitors. With the latter ones, a significant reduction in capacitor volume is achieved when compared to solutions that use film capacitors which are 10% more efficient. 

Introduction GA to design X7R capacitor array

Conclusions
The design of a capacitor array using class II ceramic capacitors for 
dynamic impedance matching in a VREH application with space 
constrains is devised.
GA is used to select which devices should form the capacitor array.
Compared to the use of film capacitors, the proposed strategy results in 
a significant volume reduction at the cost of 10% drop in efficiency.
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Capacitor selection

Figure 1 – Extracted power with 1 
ideal capacitor.

Device Capacitance stability Capacitance range Volume

100 pF – 330 μF

0.1 pF – 0.66 μF

10 pF – 15 μF

Figure 2 – DC bias effect in X7R 
capacitors.

Table 1 – Capacitors technology comparison.

X7R Capacitor array simulation

Future Lines of Research

Figure 3 – Simulation schematic.

▪ Use of GA to select Class I ceramic capacitors, including the 
possibility to use devices of the same capacitance in parallel.

▪ Integrate space constrains in the optimization algorithm, accounting 
for the dimensions of commercial capacitors allowing a trade-off 
between space and efficiency even using both technologies (film 
and ceramic) in the same design. 

Figure 4 – Genetic algorithm flowchart.

Experimental results

▪ Two capacitor arrays have been tested, one with class II ceramic 
capacitors and other with film ones.

▪ Volume reduction in ceramic capacitor array, comes at the cost of 
around 10 % drop in efficiency.

▪ The maximum thickness of film 
devices is 20 mm, while that of 
ceramic capacitors is 1.6 mm. In 
terms of area, the former have a 
total of 1062.45mm2, while the 
latter have 17.86 mm2.

Figure 5 – Ceramic vs film capacitor array PCB.

▪ To design a capacitor array 
consisting of class II X7R devices, 
a Genetic Algorithm (GA) is 
combined with simulations.

▪ Capacitance and ESR variations 
are included in simulations.

▪ A dataset of commercial X7R 
capacitors has been made with 
the information provided by the 
manufacturer.

Figure 5 – Experimental setup.
Figure 6 – Ceramic capacitors 

output power sweeps.
Figure 7 – Setup efficiencies 
comparison, film vs ceramic.
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