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S1. Electrostatic MEMS Converter and Main Parameters 

Figure S1.a demonstrates the conventional in-plane gap-closing electrostatic MEMS converter, while 

Figure S1.b shows the details of its main technological parameters, respectively [S1]. The converter comb 

drive technological parameters are identified in Table S1. The converter comb drive has two main 

capacitances according to its fingers position with respect to its fixed comb and anchors, which are 

minimum capacitance (Cmin) and maximum capacitance (Cmax), expressed by Equations (1) and (2), 

respectively. 
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where: Ng is the number of fixed/movable fingers; dnom is the nominal gap between fingers at rest position, 

and Zmax is the maximum deflection of the converter springs from their rest position [S1].  
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Figure S1. (a) The conventional gap-closing electrostatic MEMS converter and (b) A detailed description of the 
converter comb drive parameters [S1]. 

Table S1. Main technological parameters of the conventional gap-closing electrostatic MEMS converter comb drive 
for the case study. 

Symbol Technological Parameter Value 
Lf Finger Length 512 µm 
Wf Finger Width 7 µm 

dnom. Nominal Gap between Fingers at rest position 7 µm 
d Dielectric Distance 50 µm 

Lm Shuttle Mass Length 1 cm 
Wm Shuttle Mass Width 0.3 cm 
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Lterminal Positive Terminal Length 100 µm 
Wterminal Positive Terminal Width 100 µm 

Ng Number of fixed or movable fingers 476 
t Device thickness 500 µm 

S2. Main Governing Equations of the Electrostatic MEMS Converter 
In this section, the main analytical equations which govern the converter performance are illustrated. 

Based on Figure S1, during the input vibration, the converter movable combs and spring move in the 

lateral direction. The capacitance changes due to the change of the dielectric gap between the combs drive 

fingers. The converter output power is given by Equation (1) [S1, S2]. 

02outP f E=  (1) 

where Pout is the output power of the converter, Euseful is the useful energy per cycle and f0 is the driving 

frequency of the input vibration source, which is also the converter resonant frequency. The converter is 

designed to operate based on the source of the input vibration taken from a gas turbine. Thus, the 

converter can be used in several different modes in critical industries such as power generation, oil and 

gas, process plants, aviation, as well domestic and smaller related applications [S3, S4]. 

After analytical derivation which is illustrated in details in our previous research work [S5], the converter 

output power is given by Equation (2): 

2
min max 0)(1outP C V fα= −  (2) 

where α = Cmin/Cmax , Vmax is the maximum voltage, which is one of the basic key factors of the vibration 

energy harvesting system. 
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