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Introduction 

In today's society electronic equipment is being used by the common man to large extent. 

People in all ages are walking around with smartphones and tablets. The increasing energy 

consumption makes it important to look elsewhere for power sources other than just the outlet at 

home. 

 

The dynamo is a great example where we can supply a bicycle lighting with power by harness 

mechanical energy from when we are paddling. Imagine if we also could harness energy from 

our footsteps. 

 

Background 

The piezoelectric effect was demonstrated for the first time by the brothers Pierre and Jacques 
Curie year 1880 [1]. They discovered that, by subjecting a crystal of mechanical stress, an 
electrical voltage in the material which is proportional to the mechanical tension was obtained. 
 

This phenomenon has been used  ever since in a variety of inventions including airbag and 

cigarette lighters, and does also serve a role in this project. 

 

Idea 

The work carried out within this project is intended to result in both a list of proposed 

architectures for suitable voltage regulators as well as some real-world studies of the 

performance of a few such architectures. This includes setting up a test bench as well as a 

suitable protocol for testing which gives figures of merit that can be used to compare various 

regulator types. 

 

The main task is to build two different circuits. One is supposed to convert high alternating 

voltage, representing the footsteps, into 3.3V direct voltage. The second circuit will receive low 

alternating voltage and supply sensors with 3.3V direct voltage. Prior to this a high voltage 

power supply must be custom made in order to have the first circuit working.  
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Theory 

Power transfer 

To make sure that maximum power is delivered to the load it might be important to use 
conjugate matching. The expression for maximum power transfer is derived below. 

 
Figure 1. The figure show a power supply (VS), its impedance (ZS)  and the impedance of the 

load. 
 
When having a fixed input impedance the expression for the current will simply be 
 

 

 
The expression for the power dissipation in the load is 

 

 

 
 

It is clear that the maximum power dissipation in the load will be obtained when   [2]. 
This may be especially important in the second circuit where the input power is low. The circuit 

will have to be matched with both the sender and the load. Since different loads may have 

different impedances, it would be great to be able to vary the capacitance of the circuit. Varactor 

diodes operates as a variable capacitor. The varactor diodes are reversed biased like regular 

diodes. Depending on the bias voltage the depletion thickness of the diode will vary in size. The 

capacitance is inversely proportional to size of the depletion zone. Since the size of the 
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depletion zone is proportional to the applied bias voltage the capacitance will be inversely 

proportional to the square root of the bias voltage. 

Voltage regulations 

There are different ways of regulating voltage to a desirable level. When dealing with  
DC one can choose from a variety of methods such as buck-converters and linear regulators. 

However buck- converters have proven to be the more efficient of the two. 

 

Buck-converter 

The superior characteristics of the buck converter comes from its switching technique. 

 
Figure 2. The figure shows the principle of a buck-converter. 

 

The architecture of a buck- converter, which is shown in Figure 2, consists of a transistor (here 

represented by a switch), a diode, and an inductor. When the switch is closed or the transistor is 

in its on state current will flow through the coil and therefore charge it with a magnetic field. 

 

When the voltage over the coil, or the current through it, has reached a certain threshold the 

buck-converter IC will again open the switch or turn the transistor to its off state. This prevents 

current to flow from the voltage source. Due to the properties of a coil the current through it will 

not stop even if a current source is disconnected. The coil forces current to go through the diode 

and therefore creating a voltage over the load resistor [3] . 

Linear regulator 

The architecture of a linear voltage regulator is fairly simple. It consists of a resistor and a zener 

diode. See figure below. 
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 Figure 3. The figure shows the principle of a zener regulator. 

 

By choosing a zener-diode that has its breakdown voltage at the desirable output voltage the 

regulator can keep the output voltage constant. Whenever the breakdown voltage is exceeded a 

current will flow through the diode preventing the output voltage from rising. If input voltage is 

much higher than the output voltage it means that the rest of the voltage will be lost as power 

dissipation in the diode .  

 

If the power supply is limited, as it is in this project, choosing a linear regulator is a bad idea. 

Therefore the buck converter is more suitable for the architecture.    

 

Method  

Most components that have been used throughout this project have been ordered from online 
electronic shops Mouser and Farnell. Things that have been ordered are 
transistors,transformers, rectifiers, voltage regulators, diodes, resistors and capacitors. 
Frequency generators oscilloscope and bread boards were already given in the laboratory. 

Theoretical studies 

There has been plenty of research carried out on how to harness energy from the piezoelectric 

effect. Some of the work has been reading these articles. Another topic that has been studied is 

the pros and cons for buck converters and linear regulators.   

Practical work 

In order to simulate the voltage generated from the piezo element a wave file, representing the 

voltages from the shoes, is sent from a computer through an OP-amplifier into our first circuit. 
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The wave file was created in Matlab from a figure showing the variation of voltage created from 

a piezo element in a shoe, taken from a previous report on the subject.  

 

In order to have the OP-amplifier working, a high voltage regulator had to be custom made. The 

diagram for the regulator is shown below.  

 

 
Figure 4. A circuit diagram over the high voltage power supply with LT3751. 

 

The voltage power supply was constructed almost exactly like Figure 4 with some small 

variations of the resistors and capacitors. All the components including the integrated circuit 

(LT3751)  were ordered online from Farnell.  

 

Due to lack of power produced from the piezo element it might be valid to make the sensors 

“sleep” for short intervals so that an capacitor can be charged. This is called duty cycling. The 

test bench has been designed to be able to emulate this duty cycling. 

 

Test bench 

The main task is to design a way to test the efficiency of multiple types of regulators. There are 

two types of regulators that are going to be designed and tested. The first circuit is going to 

regulate the power coming from the piezo element embedded in a shoe and the second circuit 
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is going to regulate the power coming from the wireless coupling. These two circuit will simply 

be called circuit one and circuit two from now on. 

 

Shoe section 

The shoe section (the first circuit) is used to receive power from a piezoelectric element, rectify 
the AC-voltage and then regulate the DC-voltage to a stable 3.3V. 
 

 
Figure 5. Basic layout of the first circuit. 

 
The basic theoretical layout of the first circuit is shown in Figure 5. In the test bench each block 

of this diagram will have its own representation on the test bench. Even though the test bench 

does not include a piezo element or the wireless coupling, these components will be emulated 

using other circuits. 

 

Piezo element 

The test bench are going to be independent with an easy-to-use on/off switch. It is also going to 
test all types of regulators using the exact same conditions. Therefore the piezo element has to 
be emulated. The emulation of the piezo element is broken down to some simple steps. 
 

 
Figure 6. A simple block diagram showing the theoretical layout of a “shoe emulator”. 

 
The easiest way of doing this is to use a computer or mp3 player to play a “sound” representing 

the output voltage from a shoe with equipped with a piezo element. In Figure 6 one can see how 

the test bench’s shoe is going to be constructed. 

 

Audio file 

A figure from a previous report on piezo elements embedded in shoes by Nathan Schenck [4] is 

used as a reference on how much voltage a piezo element in a shoe can generate when taking 

a normal step. 
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Figure 7. Nathan Schenck´s diagram showing the voltage from a piezo element. 

 

The voltage shown in Figure 7 is periodic and therefore only one period is going to be sampled. 

The graph shown in Figure 7 was roughly sampled with a photo editing software and then the 

data points were imported to MATLAB. With MATLAB a smooth curve was created and then 

exported to a .wav-file using MATLAB’s function wavwrite. 

 

 
Figure 8. The output voltage after it has been sampled in MATLAB. 

 
The voltage shown in Figure 8 is going to be amplified with an high voltage operational amplifier 

(APEX PA78DK) which is going to be powered with a high voltage power supply. Since a high 

voltage power supply, that matches our needs, is hard to find one had to be custom built. 
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High voltage power supply 

The choice of the high voltage power supply design came down to using the LT3751 chips form 

Linear Technology. The LT3751 is a high input voltage flyback controller designed to charge 

large capacitors or be used as a regulated high voltage power supply. 

 

The datasheet of the LT3751 contained an example circuit showing how to use the LT3751 as a 

300V regulated power supply. This is the exact circuit used to construct the high voltage power 

supply for the test bench. (See Figure 4). 

 

Rectifier 

The rectifier is a simple circuit consisting av only four diodes.  

 
Figure 9. The rectifying circuit. 

 
This type of rectifier is often referred to as a rectifier bridge. It is a very simple circuit consisting 

of only four diodes. The circuit diagram are shown in Figure 9. The only power that is lost when 

rectifying the AC voltage is caused by the voltage drop of the diodes. The efficiency depends on 

the voltage drop of the diodes and how high the AC voltage is. 

 

 
 
The voltage drop over the diodes depends on how much current that flows through the diode. In 
this case we are working with a voltage of approximately 150V to 200V. The voltage drop of a 
diode is typically 0.6-1.7V. So even if the voltage were at 150V and the diodes voltage drop as 
high as 1.7V we still get only 1% energy loss. Another good thing that comes with the high 
voltage is a low current flow. The voltage drop over the diode depends on this current flow and a 
smaller current through the diode gives a lower voltage drop, making the circuit even more 
efficient. 
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Since the project is all about harnessing energy there are going to be two different bridge 
rectifiers. One that comes pre-assembled and one that is custom built with schottky diodes. The 
schottky diode has a lower voltage drop than a regular silicon diode. The forward voltage drop 
of a typical schottky diode is somewhere around 0.15-0.45V. This means that a rectifier bridge 
consisting of four schottky diodes has almost 4 times the efficiency of a normal silicon rectifier. 
Schottky diodes has some drawbacks compared to regular silicon diodes. Their maximum 
reverse voltage rating is often low, 50V or lower. The reverse leakage current of a schottky 
diode is also higher than for regular diodes. This means that the delivered power and efficiency 
of the rectifier doesn’t necessarily improve. 
 
The schottky diode rectifying bridge most certainly cannot be used together with the piezo 
element due to the low reverse voltage rating. 
 

DC-DC regulator 

This is the part of the bench where the actual regulator is going to be tested.  

 

 
Figure 10. A block diagram showing how the rectifiers and regulators are going to be tested. 

 
The voltage and current is measured on both sides of the regulator. With this configuration the 
output and input power of the regulator can be determined. After that the efficiency of the 
regulator can be calculated. Figure 10 shows where in the circuit the measurements are going 
to be taken. 
 
To be able to emulate the wireless coupling the power consumption of the resistive load has to 
be easy to control. This will be done by duty cycling the current through the resistive load in 
parallel with a capacitor. The duty cycling of the resistive load is controlled by a microprocessor. 
 

Microprocessor 

The chosen microprocessor was a Atmel AtTiny85 which was programmed to output a duty 
cycle square wave signal. The AtTiny85 was driven with a separate power supply, operating at 
5V. The microprocessor has a built-in analog-to-digital converter. This was used to read a 
analog voltage from a simple voltage divider. 
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Figure 11. A pinout of the programmed AtTiny85 chip. 

 

The current pin configuration of the programmed AtTiny85 is shown in Figure 11. Ain represents 

the analog input voltage and PWM is short for Pulse Width Modulation. The PWM signal is a 

duty cycle square wave with a frequency of 62Hz. The Ain voltage is compared to ground 

voltage and then sampled with a 8-bit A/D-converter giving a value between 0 and 255. This 

value is then used to generate the square wave for the PWM pin. 

 

 
Figure 12. Circuit diagram showing how the AtTiny85 is used. 

 

Figure 12 is a circuit diagram showing how the AtTiny85 was used to emulate power 

consumption. The PWM output was connected to a N-channel MOSFET transistor that switches 

the current through the resistor on and off according to a square wave. The 3.3V is the 

regulated power coming from the regulator type that are currently being tested. 33Ω resistor is 

used to draw 0.1A from the regulator which gives a maximum power dissipation of 0.33W. 
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The duty cycle of the square wave is controlled by the quota of R1 and R2. To determine the 

duty cycle of the PWM signal one can chose values of R1 and R2 according to  

 

. 

 

With this setup we can change the power consumption of the emulated chip from 0W to 0.33W 

simply by using a screwdriver on a turntable potentiometer. 

 

 
Figure 13. The duty cycle square wave output of the PWM pin. 

 

As mentioned before the resolution of the square wave is 256 steps. Therefore the peaks of the 

square wave can be ranged all the way from an on-time of 63µs to 16ms. The processor gives 

pure DC at the output for both 0W and 0.33W power consumption. The square wave output of 

the microprocessor is shown in Figure 13. Almost 0%, 50% and almost 100% are shown from 

left to right. 

 

Coupling section 

This is the circuit that is going to harness the energy from the wireless coupling (the second 
circuit). It is going to receive AC power from a loop of copper wire. The AC voltage is going to 
be transformed to a high voltage. This high voltage can then be fed to the same circuit as the 
first one. 
 
The wireless coupling was represented by a frequency generator. The rest of the components 
were led together on a solder pad. 
 

 
Figure 14. A block diagram showing all steps of the second circuit. 

 

A comparison between Figure 14 and Figure 5 shows that they are very similar to each other. 

The aim is to be able to use the same rectification and regulation part for both circuits. 

Depending on the output voltage of the wireless coupling this might not be possible. If the output 

voltage is too low the rectification circuit will have a very low efficiency or might not work at all. 

Also the DC-DC regulator will have to be replaced with a boost type instead of a buck type. 
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Wireless coupling 

As all other external components of the test bench are the wireless coupling going to be 
emulated with a frequency generator. The choice of frequency generator is the Escort EBC-
2230 which, according to the datasheet, has an output impedance of 50 ohm and a maximum 
power output of approximately 2W. 
 

Transformer 

To be able to transfer as much energy as possible from the frequency generator the impedance 

of the generator and the load have to be matched (see Power transfer in theory section) . Since 

the output impedance of the frequency generator is purely resistive the non-resistive part of the 

transformers impedance has to be compensated for with capacitors.  

 

Rectifier 

This rectifier works exactly as the one used in circuit one. The only difference is that we now 
have more control over the amplitude of the input AC voltage. This means that we can use 
schottky diodes with lower forward voltage drop, if they prove to be more efficient. 
 

DC-DC regulator 

A DC-DC regulator similar to the one in circuit one will be used in this section. Since there is a 

more precise input voltage to this circuit there may be some regulators, with a more narrow 

input voltage span, that prove to be more efficient.  

 

Switching circuit 

Since the wireless power transfer won’t be able to constantly supply the DC-DC regulator with 

enough power at all times the regulator has to be put in sleep mode whenever it cannot be 

used. 

The regulators to be used at this part of the circuit therefore need to have shut down 

capabilities. One chip of our choice, that has this functionality, is the LM2574HVM. The 

datasheet of the LM2574HVM states that the chip goes into its on-state whenever the ON/OFF-

pin is tied to ground. Conversely the chip goes into its off-state when a voltage (up to the input 

voltage) is supplied at this pin. Typically this means supplying the ON/OFF-pin with 1.6V or 

more to turn it off. 

 

 
Figure 15. A more detailed block diagram showing the DC-DC regulation using the 

LM2574HVM. 
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As shown in Figure 15 the switching circuit will be used to trigger the ON/OFF-pin whenever the 

voltage of the capacitor reaches a certain value. A smaller capacitor is also added in parallel 

with a larger supercapacitor. The supercapacitor have a equivalent series resistance that is 

much higher than a smaller capacitor. This means it cannot receive very much current and 

therefore a smaller capacitor captures the high currents and feed them to the supercapacitor at 

a slower rate. 

 

Stage Charging/discharging Voltage Output (to ON/OFF-pin) 

A Charging Under 2.4V Over 1.6V 

B Charging Between 2.4V and 15V Over 1.6V 

C - 15V Goes down under 1.6V 

D Discharging Between 2.4V and 15V Under 1.6V 

E - 2.4V Goes up over 1.6V 

Table 1. A typical cycle of the switching circuit for the LM2574HVM. 

 

The switching circuit for the LM2574HVM has to be designed to meet the specifications stated 

in Table 1. This can be done with two bipolar transistors, two zener diodes and a couple of 

resistors. 

 

 
Figure 16. The configuration av the two bipolar transistors. 

 

Figure 16 shows how the two bipolar transistors will be used in the circuit. By supplying a 

voltage at the gate a current will start to flow between the anode and the cathode. This current 

will continue to flow even though the gate voltage decreases again. There will be a small 

voltage drop from the anode to the cathode and this is what will stop the current from flowing. If 

the supplied voltage drops below the voltage drop of the transistors the current will stop and not 

start again until a voltage is supplied at the gate pin. 
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Figure 17. A circuit diagram of the switching circuit. 

 

The capacitor voltage is supplied to the circuit as shown in Figure 17. The two diodes, D1 and 

D2, are chosen to set the wanted voltage limitations. The reverse breakdown voltage of D1 

determines the upper voltage limit and D2 the lower limit. In this case the diodes are set to 15V 

and 2.4V.  

 

Stage A and B 

As the capacitors voltages rises above D2’s reverse breakdown voltage a smaller voltage is fed 
to the ON/OFF-pin. This voltage is equal to the capacitors voltage minus the voltage drop over 
the zener diode. 
 

Stage C 

As soon as the capacitors voltage reaches D1’s reverse breakdown voltage a current will flow 
through D1, R3 and R4 thus creating a voltage at the transistors gates. This triggers the 
transistors to start conducting electricity allowing current to flow from the capacitor, through R1 
and to ground. The two transistors induces a voltage drop of approximately 0.7V. This makes 
the voltage supplied to the ON/OFF-pin go under the specified 1.6V. 
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Stage D 

The DC-DC regulator has now been started and the capacitor is being discharged. As soon as 
the capacitors voltages D1’s reverse breakdown voltage the current through it will stop and R4 
will drive the transistors gates to ground. This will not affect the current flowing through the 
transistors, which makes the ON/OFF-pin maintaining 0.7V. 
 

Stage E 

When the voltage of the capacitor goes so low that D2 stops conducting the transistors will be 

turned off and the ON/OFF-pin instantly released from the 0.7V to ground. Since no current 

passes through R1 the ON/OFF-voltage will again go above 1.6V and therefore start a new 

charge cycle. 

 

This simple construction allows a easy way to test different charging limits. The top and bottom 

voltage for charge are determined only by D1 and D2. 

 

 
Figure 18. Simulation of the switching circuit done with LTspice. Green is the capacitor’s 

voltage, blue is the ON/OFF-voltage and red represents the regulator switching on and off. 

 

A simulation of the circuit has been done in LTspice (a software for simulation of electric 

circuits), the result of one charge cycle is shown in Figure 18. With this circuit it does not matter 

if the wireless connection gets interrupted or does not give a constant amount of power. As 

soon as the capacitor holds a certain, predefined amount of energy the regulator will turn on and 

charge a supercapacitor up to 3.3V. 
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Difficulties 

General problems 

Since most of the components had to be ordered quite a lot of time was spent on waiting for the 
order to arrive. If something broke we had to wait a couple of days for the next shipment. 
However the time was not entirely wasted since we could spend some time on theory studies.  
 

Laboratory problems 

High voltage regulator 

A great deal of time has gone to debugging the circuits. The high voltage regulator worked for 
about 5 seconds until there was no voltage at the output. It came down to the transistor. 
The mosfet transistor was getting very warm when the circuit was operating . Two ampere was 
measured at the output of the transistor. This huge amount of power dissipation clearly 
indicated that something was wrong in this part of the circuit. 
 
When comparing operative characteristics with a similar transistor this was confirmed. However 
it was discovered that the IC was also broken. Probably as a result of the broken transistor. 
 

When replacing the IC the circuit was improved. But it was still not operating correctly. When the 

IC was turned on the output voltage reached about 100V but then immediately shut down. 

When placing a light diode on the fault pin on the IC it became clear that the feedback that was 

sent back to the IC made it shut down each time the IC was turned on. When probing with the 

oscilloscope the regulator was all the sudden not working again. Probing showed that the 

transistor was working correctly this time. 

 

One explanation could be an accidental short-circuit between the gate and source pin of the 

transistor making a short-circuit between the high voltage pin and the low voltage pin on the IC.  

This would mean driving a high current straight into the IC destroying it almost immediately. 

When probing all it takes is to slightly touch the two pins of the transistor at the same time. 

Circuit two  

Another problem was getting the second circuit to work. The transformation from low voltage to 

high voltage was not working. Zero voltage was measured at the secondary side of the 

transformer. An explanation could be that the power from the frequency generator is simply too 

small. If the current flowing through the primary side is too low there isn't any voltage left to 

transform.  

 

By having a capacitor in series to the transformer the power transmission may increase due to 

conjugate matching.   

 

When increasing the frequency from 1.3kHz to 125kHz  the results was dramatically improved.  

This can be explained by the conjugate matching of the circuit and the frequency generator. 

When the frequency increases the impedances of the capacitors and inductors decreases and 
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increases respectively. This means that at some point the impedances of the capacitor and the 

inductor will cancel each other out thus resulting in increased transferred power. 

 

However, the voltage regulator appears to consume too much power at the given frequency. 

When the voltage regulator is connected the impedance of the circuit will change. Again 

changing the frequency will change the impedance of the circuit but since the frequency should 

be fixed the impedance has to be matched with capacitors or inductors.   

Insufficient power 

When working with the Escort EBC-2230 the power delivered to the test bench setup was very 
small. 
 

Results 

Testing the transformer at 125kHz gave approximately 20 times magnification of the input 
voltage. 
 

 
Figure 19. Screen shot from oscilloscope measuring the primary and secondary side of the 
transformer in the second circuit. The yellow arc is the primary side of the transformer receiving 
its signal directly from the frequency generator. The blue curve represents the secondary side. 
After Connecting the voltage regulator to the circuit the output was measured again. 
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Figure 20. Screenshot showing the voltage at the output when having the complete circuit 
connected. 
 
Figure 20 show that 3.3V is delivered at the output for quarter of a second before it decreases to 
zero exponentially. The capacitor after the rectifier was initially charged with 20V before 
activating the regulator having a small capacitor on the output.  
 
 
 

 
Figure 21. Output voltage and discharge of capacitor. 

Figure 21 shows the voltage at the output (yellow) and at the capacitor before the regulator 

(blue 10 times damped) when activating the regulator. 
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The switching circuit 

The switching circuit for the DC-DC regulator (LM2574HVM) seems to work perfectly. 
 

 
Figure 22. A comparison between the measured voltages of the switching circuit and the 

simulated (Figure 18). 
 
When looking at Figure 22 one can see that the switching circuit works as predicted. The blue 
line in the graph to the left is the measured voltage of the capacitor (220µF). The circuit is now 
configured to turn on the DC-DC regulator whenever the voltage reaches over 25V. The yellow 
line shows the output voltage of the regulator, in this case simply fed to a small capacitor. 
 

 
Figure 23. A typical discharge of the capacitor, through the regulator, charging a supercap. 

 
One of the discharge cycles are shown in Figure 23. The yellow line shows the voltage over the 
supercapacitor (1F) and the blue line shows the voltage over the input capacitor. When it 
reaches 25V the regulator turns on, discharging it, regulating the voltage to 3.3V and charging a 
1F supercapacitor.After each charge cycle the voltage of the supercapacitor increases a little 
bit. 
 
The spiky peaks that occur during the voltage regulation comes from the smaller capacitor that 
is connected in parallel with the supercapacitor (See Figure 15). 
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Rectifier 

A comparison between two different types of rectifiers has been done. One constructed with 
regular silicon type diodes and one with schottky diodes which has a much lower forward 
voltage drop. To be able to compare the both rectifiers they were both tested in the same circuit 
and then the charge time of the capacitor prior to the DC-DC regulator was measured. 
 

 
Figure 24. A comparison of the capacitor’s charge time depending on different rectifiers. 

 
It is clear that with a regular silicon rectifier the capacitor takes about 6.5 seconds to charge. 
With a rectifier consisting of schottky diodes the voltage drop, and therefore power losses, are 
much lower. As seen in Figure 24  the charging is almost twice as quick as with regular silicon 
diodes, giving a charge time of only 3.2 seconds. The two rectifiers also operate at different 
frequencies. In both cases the frequency has been set to a value where the specific rectifier 
charges the capacitor at the highest rate. For the silicon type rectifier the frequency was set to 
46 kHz, for the schottky rectifier the frequency was 125 kHz. 
 

 
Figure 25. A comparison of the supercaps charge time depending on different rectifiers. 

 
As predicted (and seen in Figure 25) the schottky rectifier charges the supercapacitor twice as 
fast the silicon rectifier. The yellow line in Figure 25 shows the current voltage of the 
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supercapacitor. A quick look might give the illusion that the slopes of the yellow lines are almost 
the same but one must keep in mind that the volts per division for the schottky measure is 
doubled. 
 
These measurements conclude that a rectifier with a low forward voltage drop is preferable. 
 

Switching speed 

With this specific regulator chip (LM2574HVM) it is better to switch it on and off at a higher rate 
rather than a lower. 

 
Figure 26. Charging (discharging) of a supercap with a low switching speed. 

 
In Figure 26 one can see that a low switching speed really isn’t good at all. Instead of slowly 

charge the supercap (yellow line) it is being discharged due to its inner resistance. Here the 

capacitor has been charged up to 45V before the regulator is turned on. It seems that a higher 

switching speed at lower voltages is preferable. 
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Figure 27. The regulator going through multiple charging cycles charging a smaller capacitor. 

The regulators output was fed through a schottky diode charging a smaller capacitor. This made 

the capacitor approach 3.3V. The measured voltages are shown in Figure 27, where the yellow 

line is the voltage of the charged capacitor. 

Discussion 

It seems that the power output of the frequency generator is too low to be able to charge the 

large supercapacitor. A charge time of over 2 hours is considered too long. Therefore a the 

supercapacitor has been switched to a smaller capacitor to show that the circuit actually works, 

see Figure 27. Even if the frequency generator was switched to a real shoe with a piezo 

element this might still be a problem. A piezo element can provide quite high voltages but not 

very much power. To resolve this problem one can use a smaller supercapacitor and even look 

for one that has a smaller series resistance and leakage current.  

 

Rectifier 

There is no doubt that the rectifier built of schottky diodes are superior to the one built of regular 
silicon diodes. Another good feature with the schottky rectifier is that it operates best at 125 
kHz, which is the frequency that we are aiming for. 
 
The drawback with using a schottky rectifier is that it cannot handle higher voltages. The 
schottky diodes used to construct the rectifier used in this work has a maximum reverse voltage 
of 30V. Charging the capacitor to a higher voltage will take a longer time, but on the other hand 
it will supply the DC-DC regulator with power for a longer time when it finally is fully charged. 
Which is the most efficient depends on if the regulator draws some extra current under “startup” 
or not. The conclusion of our tests is that, with this specific regulator (LM2574HVM) it is actually 
better to switch it on and off at a faster rate. This might not be true for all regulators though. 
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Switching circuit 

A huge drawback of the design of the switching circuit is that it is not really designed to handle 

much power. If the capacitor is fed more power than the DC-DC regulator can use to charge the 

supercap, this energy will simply be wasted. The circuit is designed to be used only if the power 

delivered from the wireless coupling is low. When the voltage reaches above D1’s reverse 

breakdown voltage a current will go through R3 and the transistor, to ground. (See Figure 17 for 

circuit diagram). This will “burn” some of the energy from the capacitor and dissipate it as heat. 

If the capacitor’s voltage does not drop after that the DC-DC-regulator has been turned on this 

resistor will continue to waste energy. The regulator will still be turned on and do what i should 

but the wasted energy could be saved somewhere else in the long chain of components. 

 

Power consumption of different regulators 

Even though the only tested DC-DC regulator is the LM2574HVM one can easily test the 
efficiency of different regulators just by measuring the charging and discharging for the 
capacitor using that regulator. A longer charging time means that the regulator draws more 
power in its off state and a longer discharging time means that either does the regulator work 
more efficiently or it cannot deliver the same amount of power. To be sure one has to measure 
the energy that goes into the supercapacitor. 
 

Conclusions 

First circuit 

Since we haven’t been able to test the first circuit no conclusions can be made. However it is a 

good theoretical description provided within the method section. 

 

Second circuit 

The second circuit seems to work as expected. Transformation, rectification and regulation all 
works. With a frequency generator as a power supply the second circuit was able to provide 3.3 
V DC, even though it has a very small power output. When rectifying the AC voltage a rectifier 
bridge consisting of schottky diodes were proven to be almost twice as efficient as a regular 
silicon rectifier. The circuit has not been tested with the wireless coupling and therefore no 
conclusion about whether it will provide enough energy or not can be made. 
 
The whole configuration of both circuits together with the wireless coupling hasn’t been tested at 
all. Due to a faulty high voltage power supply no piezo emulation has been made and therefore 
none of the circuits has been able to receive any power at all. A shoe with a built in piezo 
element has never been tested either. 
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