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Abstract
With the advancements in technology, a lot of options are proposed, 
by implementing more efficient and cost effective methods, to 
eliminate the use of batteries as a source of power. Emphasis 
is given over on systems to be self sufficient in terms of power 
generation and usage. This paper discusses the use of piezoelectric 
material to generate energy and serve as an alternative source of 
power. The proposed idea is best applicable as a source of power 
in systems which use RF modules for communication to transmit 
controlling/addressing signals where the power requirements are 
minimal and usage is also infrequent. Such devices are a potential 
alternative in the environments which require no wiring, no line of 
sight communication or batteries. The paper discusses a model unit 
which is self sufficient in design to produce power for transmission 
when pressure is applied. This opens up all new horizons to explore 
when it comes to self powered modules.
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I. Technical Overview
Piezoelectric materials operate on the principle of piezoelectricity 
which exhibit the unique property known as the piezoelectric 
property. Crystalline materials produce small amounts of electricity 
when a force is applied that change their shape in some way. These 
are called piezoelectric materials. When these materials are subjected 
to a compressive or tensile stress, an electric field is generated across 
the material, creating a voltage gradient and a subsequent current 
flow. This effect stems from the asymmetric nature of their unit cell 
when a stress is applied. As seen in Figure 1, the unit cell contains 
a small positively charged particle in the center. When stress is 
applied this particle becomes shifted in one direction which creates 
a charge distribution, and subsequent electric field. These materials 
come in several different forms. The most common is crystals, but 
they are also found as plastics and ceramics.

 
Fig. 1: Lead Zirconate Titanate Unit Cell

Quartz is another example of a piezoelectric substance. When small 
amounts of pressure are applied to a quartz crystal, a small voltage is 
produced from the changing charge created by the moving electrons. 
Phonographs using a crystal cartridge utilize the piezoelectric 
principle to convert the movement of the needle to an electrical 
signal which is later amplified and played through speakers. 
Microphones and barbecue lighters also use this principle.

II. Working
Here in the proposed system, the mechanical energy is translated into 
the piezoelectric units (voltage) by using a switch. The advantages 
of the switch would be small size, ready availability, minimum cost 
and no complexity. If the transmitter and receiver of any system are 
matched by resonant coupling, it can help improve the efficiency 
drastically. Thus, the piezoelectric element must be operated at its 
mechanical resonance to achieve maximum mechanical to electrical 
energy conversion. To do this, the piezoelectric element is exposed 
to external stress for a very short span and then released, which 
allows it to self-oscillate at its resonant frequency. The piezoelectric 
materials produce high voltages but with low current surge capacity. 
On the other hand the typical electronic circuits work on low voltages 
but high current sink. Hence a step down has to be used to couple 
the two sides and match the impedances appropriately. The resonant 
circuit is formed by the inductance in the transformer (L) and the 
capacitance (C) of the piezoelectric material used.
Thus, the selection of the transformer is crucial and must be selected 
appropriately so that the “LC” component of the transformer side 
(electrical resonance component) matches with the mechanical 
resonance of the piezo element used, for optimum energy transfer. 
After passing through the transformer, the electrical energy is 
rectified at the full wave rectifier unit, stored in a capacitor, and 
then regulated down to the required voltage (3V) used for the RF 
circuitry.
The above circuit diagram shows a 4.4uF charge capacitor which 
is used as an integrator to integrate the charge generated from the 
button strike of the remote. This integrated voltage is then used to 
power a MAX666 low drop-out linear regulator, which provides 
a stable +3 volts supply until the capacitor is completely drained 
to 0 volts.
When the MAX666 is activated, it enables the digital ID encoder 
HT12E, producing a 12 bit serial code via On-Off-keypad transmitter 
module.
The leftmost piezoelectric button is 35mm long and 7mm in diameter, 
has a deflection of 3.5mm at a maximum force of 15N, and total 
activation energy of 30mJ with a mechanical resonance near 50kHz 
and a capacitance of 18pf. At right is the transformer, an amorphous-
core device manufactured for electronic flash applications with 
a 90:1 turn ratio that transforms a peak of a few thousand volts 
at the piezo element to 30 volts at the tank capacitor. The piezo-
transformer ensemble operates at 7% mechanical-to-electrical 
efficiency, delivering 2mJ of energy per push. This translates to 
the order of 0.5mJ at 3 Volts after the linear regulator.
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Fig. 2: Schematic Diagram of Self-Powered Pushbutton Electronics

The heart of the circuit is the HT-12E encoder IC. It produces eight 
bits of ID and four bits of data via its (D)out pin. The transmitter 
is the RFM HX1003 that runs at 418MHz, consumes 7.5 mW, and 
can transmit up to 50 feet. The receiving base station requires four 
successful receipts of the twelve-bit code before a complete transfer 
is registered. The estimated time for successful transmission is 
20ms. The whole arrangement ensures that sufficient power is 
produced everytime the button is produced and the production 
cost of the prototype is estimated to be below 5$.
Practical variations were experienced during the course of 
developing the prototype. The efficiency of the transformer is 
limited by flux leakage and core saturation when the primary 
current peaks. We tried a much larger transformer (with over 50 
times greater mass), which gave us a somewhat better efficiency 
of 8.3% after being matched to the piezo element. We then used 
a larger piezoelectric element in this system together with the 
larger transformer and appropriate matching; we obtained 20mJ 

at 3 Volts with 13% efficiency. As the small components of Figure 
2 were amply adequate for powering our system (and are much 
more conducive to packing onto a miniature circuit board), we 
were thankfully able to avoid using these larger devices in this 
application.

The output in terms of power from the piezoelectric film can be 
expressed using two different formulae:

     (1)

   (2)
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Here,
g31  = voltage constant of the peizo film
M  = moment of the beam
b  = width of the piezo-film
tb  = thickness of the beam
Φ  = strain ratio between the beam and piezo
T  = stress on the beam

The basic difference between these formulae lie in the way the 
piezo electric material interacts with the host structure (the one 
which exerts the force). Formula (1) is called Pin force and formula 
(2) is known as Euler-Bernoulli method of predicting output 
power. The Euler-Bernoulli method is more appropriate to be 
used to accurately predict the output from the piezo material and 
the error in the amplitude of the voltage output can be reduced 
by adding small damping into the piezo film [3].

III. Limitations and Possible Research
All the experiments performed indicate that development of a 
self-reliant (in terms of energy), wireless and compact remote 
is by all means possible, with the feature of ID transmission. 
The most crucial improvement in the proposed system would 
be the redesigning of the transformer. A better design with 
reduced leakage and saturation while optimally matching with 
the piezoelectric component for maximum power transfer is the 
next step for the proposed unit. Similarly a lot of improvement 
in the designs of both, the piezoelectric element itself and the 
striker mechanism, used to apply pressure, are needed for the 
system to perform better. The issue of the piezoelectric material 
getting damaged in form of micro-cracks getting generated, due to 
continuous use and hard strikes, definitely puts the long term stable 
performance of the piezoelectric component in question. Some 
solutions like softening the impact of the pressure application 
or using alternative techniques to stimulate the piezoelectric 
generator can be tried out. Also a high-frequency, fast startup 
switching regulator, as developed in [1], would increase the 
voltage regulation efficiency. The concept discussed in the paper, 
is a transmitter and not a transceiver. Hence the device is unable to 
accept any acknowledgement signals and thus verify the complete 
reception of data on the other end. The power generated by the 
proposed method is limited and so the system is only capable 
of transmitting the signals until a limited range. Overall more 
possibilities and methods can be explored for robust operation 
of the system as a whole.
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