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Abstract

Wireless charger

Barry Dyi

This project focuses on wireless power transmission (WPT). More specifically, the
use of inductive coupling with resonance. The resonance phenomenon makes the
transfer of power more efficient, through matching the inductive and capacitive
reactances thus eliminating the reactive losses. A wireless smartphone charger has
been built with this method for demonstration, and some tests were performed. The
charger consisted of a primary “transmitting circuit” and a secondary “receiving
circuit”. The built charger did not achieve full resonance, but it achieved longer
wireless transmission distance compared to that of a commercial wireless phone
charger.
The first experiment confirmed the DC/AC characteristics of the transmitting circuit,
and the ability for the voltage to oscillate at a higher level than the input voltage. The
voltage oscillated at 45kHz. The second experiment confirmed the AC/DC
characteristics of the receiving circuit, and the ability to regulate the voltage to a
constant 5V. 
The minimum required input voltage for the receiving circuit, to achieve a constant
5V output, was approximately 6V. Frequencies from 100Hz to 350kHz were tested
and it had no severe impact on stability of the output voltage.
The third and last test used both circuits, and showed the relationship between input
voltage and transmission distance. The maximum distance achieved for the complete
device was ~4.3cm at an input voltage of ~20V. When having the coils touch
(Transmission distance ~0cm), the minimum required voltage was 6.6V, whereas a
commercial wireless charger needs 5V.
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2. Introduction 
 

Electrical energy can be transmitted through various means, in this project we are focusing on 
the phenomenon of wireless power transmission (WPT). WPT makes it possible to supply 
power over an air gap, given that the receiving device is compatible.  
The elimination of physical wires makes WPT an up and coming topic of interest to help 
advance the change from vehicles driven on fossil fuel to electrical.  
The idea to install various charging stations to charge city buses, taxis and other means of 
public transport has been realized all around the world. For instance in Södertälje, Vattenfall 
has installed charging stations hidden in the road so the busses can charge up while en 
route.[1] Just seven minutes of charging is enough to power the vehicle for ten kilometers. 
The Swedish Energy Agency invested 8.5 million SEK in the project and with the frequent 
talks of going completely fossil free, makes WPT a very lucrative subject. 
In this project we will demonstrate the concept of WPT by building a wireless phone charger.  
 

  



3. Theory 
 

The basis for all wireless power transfer is the use of time varying electric, magnetic or 
electromagnetic fields. In this report we will cover the most common method of WPT namely 
inductive power transfer (IPT) and an expansion of said method called resonant inductive 
coupling.  

 
3.1 Inductive wireless power transfer 
Inductive wireless power transfer takes advantage of the phenomenon that a current flowing 
through a coil gives rise to a magnetic field. An alternating magnetic field will in turn induce 
voltage into a secondary coil, given the coil is placed close enough to be magnetically 
coupled to the primary coil. 
To mathematically describe the phenomenon we use two laws. 
Ampere’s Law (1) states that the integral of the magnetic field intensity of a closed loop is 
equal to the current passing through said loop. Alternatively the change of the magnetic field 
intensity around a closed loop is equal to the current passing through the surface bounded by 
the loop.  

 

L
H · dl = Ienc × H = J (1) 

Where is the current density, is the current enclosed in the loop andJ A/H[ ] [A]Ienc [A/M ]H
is the magnetic H-field.  
So drawing a current through a closed loop creates a magnetic field. 
Faraday’s Law (2) states that a time changing magnetic field gives rise to an electromagnetic 
force (emf). The emf can, in the case of two-terminal devices, be measured as the voltage 
between these terminals.  

 − − A mf× E = ∂t
∂B

 

L
E · dl = ∫

 

S
B · d = e (2) 

Where [V/M] is the electric field and [T] is the magnetic field.E B  
Rewriting Faraday’s Law with the definition of magnetic flux (3) shows that the induced 
voltage is proportional to the change of magnetic flux (4).  

AΦ = ∫
 

S
B · d (3) 

mf −e = ∂t
∂Φ (4) 

Now consider a secondary closed loop near enough to be magnetically coupled to the 
primary. Then if a current is drawn through the primary coil, it will produce magnetic flux 
which in turn will induce emf or voltage in the secondary coil. As a coil inherently has some 
resistance, an induced current will be created and since both voltage and current are produced 
on the secondary side. Power has been transmitted. [3] 
 
  



3.2 Resonant wireless inductive coupling 
Resonant wireless power transfer uses a phenomenon called “resonant inductive coupling” 
also called “magnetic phase synchronous coupling”. The capacitive reactance  and theXC  
inductive reactance  are chosen to be equal, making the total reactance  to be zero (5),XL XT  
thus the impedance Z will be purely resistive (6). 
 

XT = XL − XC           (5) 
X   Z = R + j T (Z  at resonance)= R         (6) 

 
This eliminates the reactive losses and only resistive losses will remain, which leads to higher 
efficiency. The resulting resonating frequency of the system is given by the inductance and 
capacitance (7). 

f res = 1
2π√LC

          (7)
 

The “oscillating tank” is a part of the primary circuit where the AC-voltage oscillates 
between the electrical field (of the capacitor) and the magnetic field (of the inductor) at a 
magnitude higher than the input voltage. It has a frequency that the secondary “resonating 
circuit” has to match. Therefore it is ideal that the inductance and capacitance of both 
transmitting and receiving circuits should be equal. 
The result is being able to transmit power over a longer distance compared to inductive 
wireless charging. When using inductive charging, the magnetic field flux from the primary 
coil decreases by the inverse of the radius squared, as explained by Biot Savart’s Law (8) and 
so does the magnetic coupling of the transmitting and receiving circuits, but with resonant 
inductive coupling the coupling is stronger so power can be transmitted over a longer 
distance. 

iot Savart s Law        BB ′ = 4π
μ0 ∫

 

 
r2

I  dl × r︿           (8)

 
 
 

  



4. Wireless power charger 
 
4.1 General concept 
The device will be powered by an adjustable power supply so measurements of how the 
magnitude of the voltage will affect the distance of the wireless power transmission. 
As explained in the theory part, for power to be wirelessly transmitted alternating current 
must flow through the primary coil to produce an alternating magnetic field which in turn 
will induce voltage in the secondary coil. For this we need a circuit to convert DC to AC. 
 
To make the charger easy to use, a USB port will be mounted on the receiving circuit board.  
Since a USB port should supply 5V DC we must firstly convert the induced alternating 
current back to DC and then regulate the voltage down to a level which will satisfy the 
criterias of the USB port. 

 
Figure 1 - Concept of the wireless power charger 

 
 
4.2 Transmitting circuit 
The transmitting circuit shown in Figure 2, is a ZVS driver which is a simple but efficient 
oscillator circuit. It drives current back and forth through a center-tapped (primary) coil to 
create an oscillating magnetic field.  
When the DC power supply (PS) is connected to the transmitting circuit one of the mosfets 
will turn on before the other because the components are not ideal. In this case let us say that 
NPN turns on first, NPNs drain will be the lower voltage point (“ground”) so some of the 
current will flow from the PS through L3 and L1 to the drain of NPN, this will turn off the 
other mosfet (NPN1) because very little current will go to NPN1 gate. NPN1 gate is 
connected to NPNs drain, this hinders the 2 transistors to turn on at the same time. The 
voltage will build up in L1 which will start to oscillate with C1 and L2. During the oscillation 
when the voltage over C1 switches polarity, it will force the current through R1 and the diode 
to L2. At this moment the current that is going through L2 is coming mostly from R5 through 
the diode, this turns off NPN and turns on NPN1 until the oscillation in the resonant tank 
changes direction again and the process repeats. L1 and L2 do not conduct at the sametime, 
the current passes through one of the coils at a time. L1 is equal to L2, they are wound around 
the same axis and together they form one center-tapped coil. This gives us a resulting 
magnetic field that has alternating polarity.  



4.3 ZVS driver 
The combination of the oscillating tank and the MOSFETs yields a ZVS driver 
(Zero Volt Switching). ZVS comes from the MOSFET switching on and off when the voltage 
across them are zero, and works well for high frequencies without generating too much 
switching losses. The voltage between D-S in the MOSFET is brought down to a level close 
to zero before switching on, which eliminates the high current spikes that damage and cause 
losses.  
 

 
Figure 2 - Schematic - Transmitting circuit 

 
Table 1 - Transmitting circuit - Components 

Component Value 

R1=R5 470Ω 

R2 = R3 10kΩ 

L3 470uH 

C1 2 F 

Diode = Diode1 12V Zener Diode 

Diode2 = Diode3 400V Fast Diode 

NPN is the same as NPN1, they are N-channel mosfets (IRF250). L1 and L2 are two coils connected 
in series and wrapped around the same axis to make the primary (transmitting) coil. L1 = L2.  
 
  



4.4 Receiving circuit 
The 10 turn coils ( = L1 = L2) and 2uF capacitor is the resonating circuit where the 
AC-voltage will resonate at the same frequency as in the primary oscillating tank. Four 
diodes are used to construct a bridge rectifier that converts the AC to DC. An electrolytic 
capacitor is placed after the rectifier to smoothen the signal and prevent undesired fluxuations 
in the voltage. The capacitor also works as a short-circuit to ground, for any high frequency 
noise. The voltage regulator (7805 in Figure 3) then converts the input voltage to 5V which is 
the highest voltage needed for the various pins of the USB connector. A couple of resistors 
are then connected as a voltage divider and also function to scale down the current to within 
acceptable limits. The voltage of pin 2 and pin 3 varies from manufacturer to manufacture 
and also depends of what sort of device is to be connected, finding the specification for an 
Iphone portable charger proved to be very difficult. Luckelly someone had gone through the 
trouble of reverse engineering a couple of chargers made by Apple to calculate the specific 
voltages of each data pin. A summary of the specifications of the USB connector is shown in 
Table 2. 
 

Table 2 - USB Pinout diagram 

Pin Name Color Description Voltage [V] 

1 VCC Red 5V/5mA 5 

2 Data- White Data-  2 

3 Data+ Green Data+ 2 

4 GND Black Ground 0 

 
 Figure 3 - Schematic for the receiving circuit 
 
From Figure 3 it’s clear that the voltage of pin 2 and pin 3 is equal, and can be computed as a 
voltage divider (9).  

[V ]V P in 2 = V P in 3 = 5 · 12k
(12+18)k = 2 (9) 

Which confirms that the voltage dividing part of the circuit is built with the correct 
parameters. 

  



5. Experiments 
 

5.1 Transmitting Circuit 
The Transmitting circuit was connected to a variable power supply. The output from GND to 
the center tap of the transmitting coil was connected to an oscilloscope with a differential 
probe. The voltage was alternated to see what effect the magnitude of the voltage had on the 
output signal.  
 
5.2 Receiving Circuit 
The input to the receiving circuit was connected to a variable function generator. The output 
from GND to the node connected to Pin 1 shown in Figure 3 was connected to an 
oscilloscope with a differential probe. The magnitude of the voltage was then alternated to 
find the absolute minimum value required for the receiving circuit to give 5V output. Also the 
frequency was alternated to see if the circuit would give a constant voltage for frequencies 
equal or higher than the measured frequency of the transmitting circuit. 
 
5.3 Charging Range  
A variable power supply was connected to the transmission circuit. Then the receiving circuit 
was placed at a distance from the transmission circuit and a cell phone was connected to the 
USB output.  
The voltage of the power supply was set to the absolute minimum value which would cause 
the phone to charge given that the coils were perfectly placed on top of eachother. Afterwards 
the voltage was increased and the maximum distance which would cause the phone to charge 
was measured.  

  



6. Results 
 
6.1 Transmitting Circuit 
The magnitude of the input voltage only affected the magnitude of the output voltage. The 
frequency was unchanged.

Figure 4 - Transmitting circuit - Result 
 
Figure 4 shows the input (DC) and output (AC) signals of the transmitting circuit. The 
oscilloscope was tuned to 5V/Y-Div and 5μs/X-Div. The frequency was calculated from the 
inverse of the period of the output signal (10). 
  

5[kHz]f = 1
T ≈ 1

4.5·5μ = 4 (10) 
 
6.2 Receiving Circuit 
The minimum required input voltage for the receiving circuit to give 5V output was 
approximately 6V. Various frequencies spanning from 100Hz to 350kHz were tested and the 
circuit gave an almost constant output of 5V for each frequency.  
Figure X shows the input (AC) and output (DC) signals of the receiving circuit with ~80kHz 
as input frequency. The oscilloscope had the same tuning as for the transmitting circuit test. 

 

Figure 5 - Receiving circuit - Result  
 

 
  



6.3 Charging Range  
The minimum input voltage to the primary circuit required to charge the phone was 
approximately 6.6V and as the voltage increased so did the maximum distance which the 
phone could be charged. The maximum distance was measured to ~4.3cm and required ~20V 
of input voltage.  
 

 
Figure 6 - Charging Range - Results 

 
 

  



7. Discussion 
 
It makes sense that the frequency was unchanged when changing the magnitude of the input 
voltage, since the frequency of the AC signal is determined by the inductance and capacitance 
of the oscillating circuit. This wireless charger doesn’t actually achieve resonance, since the 
coils used do not have the same reactance as the capacitors. Nevertheless, both primary and 
secondary circuits have the same inductance and capacitance, since the dimensions for each 
coil are equal, this means that both circuits achieve the same resonance frequency.  
Therefore, the frequency measured from the oscilloscope would not be equal to that which 
would be calculated from equation (7). 
It was a challenge to have the inductive reactance match the capacitive, since it required 
making the number of turns for the coil much higher and impractical. 
 
The reason why the receiving circuit required at least 6V in order to deliver 5V is the voltage 
drop over the components until reaching pin 3 of the voltage regulator. Theoretically, the 
total reactance between the 10 turns coil and 2uF capacitor (resonating circuit) should be 
zero, but that is not the case with the built model. Therefore the little reactance left changes 
when changing the frequency, causing a voltage drop. Luckily, this voltage drop did not 
affect much for the frequency span 100Hz to 350kHz. 
The wireless charging distance was measured with a ruler and human observation, which is 
not precise. Furthermore positioning each coil perfectly perpendicular to the underlying 
surface and also parallel to each other to acquire a constant distance proved to be difficult. 
Resulting that the measured distance could not necessarily be the actual distance between the 
coils. 
The schematic for the transmitting circuit was found on many websites, and seemed to be a 
modification of another schematic for a flyback driver. 
 

  



8. Conclusion 
 

While not achieving full resonance with the built charger, it was still able to deliver higher 
wireless transmission distance than a commercial wireless charger that uses induction without 
resonance. The use of a capacitor and a coil with the same reactance makes the voltage 
oscillate at levels higher than the input voltage, without the reactive losses that would 
decrease the transmission distance.  
The relationship between transmission distance and the voltage is almost linear. Increasing 
the efficiency of the charger can be done through making a better coil, where the inductance 
is known and the inductive reactance is closer or equal to the capacitive reactance. It would 
make the transmission distance higher. Another way for increasing the transmission distance 
is substituting the components with equivalents that tolerate higher power and voltages, and 
increasing the input voltage. 
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