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Abstract 

We demonstrated a high efficiency bridge rectifier cir-

cuit consisting of four pMOSFETs for an AlN MEMS can-

tilever energy harvester. Three types of the rectifier cir-

cuit configurations were simulated and the output was 

maximized for a device width. Our rectifier exhibited 

most efficient AC-DC conversion compared to commer-

cial available rectifier circuits. 

 

1. Introduction 

A dramatic reduction in size and power consumption of 

microelectronics chips is strongly driving research and devel-

opment of an autonomous power supply [1-3]. Among the 

various autonomous power supply technologies, a vibration 

energy harvester (VEH) is promising because vibrations 

widely exist in the environment. The environment vibration 

is always generated from human activities, moving cars, op-

erating machines, and so on. 

However, these vibrations are faint, thus mechanical res-

onance phenomenon is suitable to obtain valid electrical 

power. The VEH generates alternating current (AC) power. 

Therefore, a rectifier circuit is indispensable to supply direct 

current (DC) power to electronics. A high efficiency rectifier 

circuit together with low power electronics is a key technol-

ogy because the obtainable power is very weak. 

In this work, we demonstrate a high efficiency rectifier 

circuit consisting of four p channel metal oxide semiconduc-

tor field effect transistors (pMOSFETs) for an aluminum ni-

tride (AlN) micro electro mechanical systems (MEMS) can-

tilever VEH. We derived an equivalent circuit of the VEH at 

the resonant frequency by measuring its output voltage de-

pendence on a load resistance. By installing the equivalent 

circuit into a circuit simulator, the rectifier circuit was de-

signed to maximize an efficiency of the rectifier. The de-

signed rectifier was fabricated by a fab and experimentally 

evaluated. 

 

2. Circuit simulation 

First, we determined the equivalent circuit of the AlN 

MEMS VEH, which was fabricated on 8-in. silicon on insu-

lator (SOI) wafer with 10 m-thick Si top layer and 1 m-

thick buried oxide (BOX) layer. The fabrication procedure is 

described below. On the initial SOI wafer, a thermal oxide 

serving as an electrical isolation was formed. A piezoelectric 

material AlN sandwiched by Pt electrodes was deposited on 

the oxide using DC magnetron sputtering. The multilayer was 

processed to make a MEMS cantilever using a standard sem-

iconductor MEMS process. The fabricated cantilever was 

mounted in a ceramic package. 

An output voltage of the fabricated VEH was character-

ized as shown in Fig. 1. A harmonic vibration with a peak 

acceleration of 1.5 m/swas applied to the VEH at a fre-

quency of 98.8 Hz which is around a resonant frequency. The 

output voltage was measured using an oscilloscope with 

changing a load resistance. The VEH is electrically repre-

sented by a combination of an ideal current source, a capacity, 

and a resistance as shown in the inset of Fig. 1. The dash line 

shows a fitting curve of the output voltage where Ip=3.1A, 

Cp=0.66nF, and Ri=4.1M. 

 

 
 

Fig. 1 AC output voltage of the fabricated AlN MEMS cantilever 

VEH as a function of a load resistance. 
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Next, we simulated three types of rectifier circuits. The 

pn junction diode bridge as shown in Fig. 2(a) is a typical 

rectifier. On the other hand, the bridge rectifiers shown in Fig. 

2(b) and (c) consist of four pMOSFETs. The MOSFET recti-

fier can be enhance the rectifier efficiency because a thresh-

old of a MOSFET can be reduced to less than that of a pn 

junction diode. In addition, an applied voltage to the gate in 

pMOSFET bridge 2 is higher than that in pMOSFET bridge 

1, resulting in a low leak current. 

For the simulation, a 1 F storage capacitor was con-

nected at the output of the rectifier and a 1 A current load 

was also connected in parallel of the smoothing capacitor. 

The Silterra’s 0.18 m high voltage technology is selected for 

fabrication of the rectifier circuit chip, Figure 3 shows the cal-

culated DC output voltage for each rectifier with changing a 

device width where Ip=3A, Cp=1nF, and Ri=4M, indicat-

ing that the pMOSFET bridge 2 is more efficient than pn the 

junction diode bridge and the pMOSFET bridge 1. The output 

voltage is saturated above a device width of 1500 m (for 

MOSFET, a device width corresponds to a gate width). 

 

 
 

Fig. 2 Three types of rectifier circuit diagrams. 

 

 
 

Fig. 3. Simulated DC output voltage as a function of a device width. 

3. Measurement and Results 

   We fabricated the pMOSFET bridge 2 by a commercial 

available foundry (Silterra, Malaysia) by the 0.18 m high 

voltage technology. The DC output voltage was measured 

with a setup depicted in Fig. 4. The smoothing capacitor has 

a capacitance of 100 nF, and the digital multi meter (DMM) 

was set to be in a high impedance mode (>10 G), meaning 

that an open output voltage was measured. A vibration with a 

peak acceleration of 0.5 m/s2 was input to the AlN MEMS 

cantilever VEH at a frequency of 46.6 Hz. The device geom-

etry of the VEH in this measurement is different from that of 

the VEH used in the circuit simulation. Table I shows the 

measured DC voltage with various rectifier circuits. 

LTC3588 is a commercial available power management IC 

for piezoelectric energy harvesters manufactured by Linear 

Technology. A bridge rectifier circuit is integrated in 

LTC3588. SSM3K116TU is a discreet n channel MOSFET 

for power electronics application manufactured from Toshiba. 

Four SSM3K116TUs configure a bridge rectifier similar to 

pMOSFET bridge 2 as shown in Fig. 3(c). The measured open 

DC voltages are summarized in Table I, showing that our rec-

tifier has a highest DC output voltage compared to other rec-

tifier. 

 

 

Fig. 4. Measurement setup. 

Table I DC output voltage 

 

 

 

 

4. Conclusion 

In this work, we demonstrated a high efficiency rectifier 

for AlN MEMS cantilever VEH. Since our rectifier is prom-

ising for autonomous operating wireless sensor network mod-

ule, we believe that it helps to realize sustainable and safe so-

ciety. 
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This work 3.01 
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