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Abstract— Energy harvesting from surrounding environment
is required for battery-less sensors. RF-DC conversion with a
rectifying antenna (so-called rectenna) is generally used to obtain
energy from ambient electromagnetic wave. However, RF-DC
conversion efficiency of the diode significantly decreases for
ambient electromagnetic wave due to their weak RF power. In
this study, we report a new type of bulk acoustic wave (BAW)
piezoelectric transformer based on c-axis zig-zag multilayers
ScAIN film in order to amplify the RF signal in the rectenna. c-
Axis approximately 45°tilted film exhibit high £’1s2 without
undesired longitudinal wave excitation. The theoretical voltage
gain was simulated by Mason’s equivalent circuit model
considering polarization inversions due to c-axis zig-zag
structures. Voltage gain increase with k2Q value (= FOM)
increasing or the number of layers n in the output layer
increasing. S parameters of a BAW piezoelectric transformer
with c-axis zig-zag 4 layers ScAIN film are measured by a
network analyzer. As a result, voltage gain approaching + 20 dB
with the 4 layers BAW piezoelectric transformer is obtained.
This new type of polarization inverted FBAR transformer is
attractive for a voltage transformer in the rectenna.
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I. INTRODUCTION

Wireless sensors are increasingly placed in order to get a
number of information for IoT. These sensors required to be
activated without wired energy supply. In order to obtain
energy from surrounding electromagnetic wave, RF-DC
conversion with a rectifying antenna (called rectenna) is
generally used. However, RF-DC conversion efficiency
significantly decreases for weak RF signal because weak RF
signal cannot activate the diode in the rectenna. Therefore, a
Dickson charge pump [1] is generally used to increase the RF
voltage in order to obtain high conversion efficiency for a
weak signal. However, there are some problems such as low
efficiency, poor impedance matching, and large size.

In this study, we introduce a new type of bulk acoustic
wave (BAW) piezoelectric transformer for RF energy harvester
which based on c-axis zig-zag multilayers SCAIN film in order
to overcome this problem. As shown in Fig. 1, an RF input
signal can be increased with increasing the number of output
layers without inserting intermediate electrode. We
demonstrated and characterized the transformer based on 4-
layers of c-axis zig-zag polarization inverted ScAIN stack
resonators operating around 500 MHz which is used for digital
terrestrial  television broadcasting (DTB) band. We

978-1-7281-4595-2/19/$31.00 ©2019 IEEE

theoretically predicted the performance of the transformer by
using Mason’s equivalent circuit model.
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Fig. 1. BAW transformers based on c-axis zig-zag ScAIN stack.
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II. DEPOSITION METHOD OF C-AXIS ZIG-ZAG SCALN
MULTILAYER

c-Axis tilted ScAIN films were grown on bottom electrode
film /silica glass substrate by a glancing angle magnetron
sputtering deposition [5]. In this experiment, as shown in Fig.
2, the substrate was set to be 60° from target surface to obtain
c-axis approximately 50°-tilted film. ScAl metal alloy
(Sca3Als7) was used as a target. After the growth of the first
ScAIN film, the substrate was rotated by 180° and the
following layers were grown. The n-layers c-axis zig-zag
structure was obtained by repeating this process (n-1) times.
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Fig. 2. Deposition method of c-axis zig-zag ScAlNmultilayers.
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III. CHARACTARIZATION

A. Crystalline orientation of the c-axis zig-zag ScAIN film

In order to obtain quantitative information of the film, X-
ray diffraction analysis was conducted (X-Pert Pro MRD,
Philips). Figure 6 shows the (0002) pole figure of 4-layers c-
axis zig-zag ScAIN film. Two pole concentrations indicate X-
ray diffraction from the odd layers (1,3 layer) and even layers
(2,4 layer). Each of X-ray diffraction was observed at
approximately y=45° as expected.
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Fig. 3. (0002) pole figure of 4-layers ScAIN film stack.

B. Electrical characterization

S parameters of a BAW piezoelectric transformer with c-
axis zig-zag 4 layers ScAIN film are measured by a network
analyzer (E5071C, Agilent Technologies). As shown in Fig. 4,
voltage gain calculated by experimental S parameter
approached +20 dB in the 4 layers BAW piezoelectric
transformer. The experimental voltage gain agrees well with
the theoretical one which calculated by Mason’s equivalent
circuit model based on polarity inversion (c-axis zig-zag
structure) as shown in Fig. 5.
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Fig. 4. Voltage gain of the 4 layers BAW transformer.
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Fig. 5. Mason’s equivalent circuit model based on polarity inverted.

IV. CONCLUSION

We have achieved +20 dB voltage amplification in the
BAW piezoelectric transformer based on c-axis zig-zag 4-
layers ScAIN film in the 500 MHz range. This new type of
polarization inverted BAW transformer makes it possible to
realize high voltage operation of the diode and impedance
conversion in the rectenna.
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