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ABSTRACT 

Wireless power transmission (WPT) technology has now become one of 

the most important technologies and the focus of scientists. The principle of this 

technology is to send power from a device called the transmitter to another 

device called the receiver without using cables. The type of WPT technique that 

had been used is Inductive coupling, due to its ease of use and safety compared 

to the traditional transmission techniques . 

  In this thesis, a wireless system has been designed to be able to transfer power 

or charge smartphones with 10 Watt, 5V, and 2A using the resonance inductive 

technique.  

The work had been divided as shown below: 

Firstly, to clarify the Frequency Splitting Phenomenon, a system had been 

designed and simulated by ADS program which is considered a problem in 

WPT, to illustrate the effect of the coupling factor on the system that leads to 

making this splitting in frequency and reaches that whenever resonance 

frequency increases the splitting at lower coupling occur.  

Secondly, the wireless system for smartphone charging had been designed and 

simulated by MATLAB program considering some of the factors that have an 

impact on the system efficiency such as distance, coupling factor, and 

resonance frequency from 50-100 KHz. 

The result indicates that the wireless system that had been designed for 

charging smartphone applications achieved the better system performance at 

Fr=100 KHz, where the efficiency is equal to  76% when distance between TX 

and RX is 30 mm whereas at Fr=50 KHz with the distance between TX and RX 

is equal to 30 mm the efficiency reaches to 71%.  
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CHAPTER ONE 

Introduction  

 

1.1 Introduction 

Wireless power transfer (WPT) is nowadays consider a very 

important topic due to many features. The common and main feature is 

that it can transmit power from the transmitter to the receiver device 

without using cables connecting them which means it is done through a 

gap. In recent years, WPT evolved significantly. So, it is considered the 

essential technique which can transmit power wirelessly and can be 

considered an important changes to the traditional transmitting techniques 

that use cables [1-2]. 

 WPT has many attractive features. Firstly, it is characterized by the  

ease of use in terms of reducing the use of wires. Secondly, WPT is safe, 

reliable, low in cost, and preserves the life of the device in terms of not 

needing to use cables. Thirdly, it protects the devices from heating or 

overcharging troubles. In addition, it is useful for the equipment of high 

cost charging [3-4]. This technology can transmit power for short and 

long distances for many applications, such as electric vehicles, portable 

devices,  medical technology, and many others. WPT is divided into two 

types depending on the distance: the near-field type (can transmit power 

for short and medium distances) and far-field type (can transmit power for 

long distances) [1], [5-6]. 

There are two basic categories of WPT: coupling type and radiative 

type. These two types differ from each other in terms of the distance of 

transmitting power. The coupling type can transmit power for short and 

medium distances, whereas the radiative type can transmit power for far 

distances [7-8].           
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Any WPT system consists of two stages which are the transmitter 

and receiver. The devices used are the same for all WPT system but can 

differ depending on the type of application requirement or the parameter 

used, where some systems need to add an additional circuit to reach the 

appropriate results [9-10]. 

This thesis focuses only on the near field type WPT and the design in 

this study made for short or medium distances. The studies are still 

developing and discussing this topic to reach the best results.   

 

 

 

 

 

 

 

Figure 1.1 Work principle of WPT system [10]. 

Figure 1.1 illustrates the basic system and work principle of wireless 

power transfer technology, where each block will be discussed briefly in 

chapter 2. The B symbol represents the magnetic flux density  between the 

transmitter and the receiver coil. 
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1.2 Comparison between wireless and wire charging. 

There are many advantages of using wireless power transfer for 

charging devices. So, the following is an advantage of WPT that make it 

the preferable technique than wire charging [1],[19]. 

 In wireless charging, there is no need to use wires for charging 

which is reduce the complexity and saves the devices life. 

 The safety and flexibility of wireless charging operation is more 

than wire charging. 

 Efficient.  

 It saves time and life device due to reducing using cables when 

charging. 

 WPT is considered as one of the attractive technologies applications 

and can be developed to be more efficient than other devices. 

1.3 Literature Review 

The wireless power transfer technology is not new technique. It deals with  

the prediction that energy can be transmitted from one place to another 

through a gap as testified by Maxwell in his essay on Electricity and 

Magnetism since late 19th century [11]. 

In 2014, K. Aditya, introduced a comparison between series- series ( S-S) 

and series- parallel (S-P) compensation circuit topology and concluded 

that the S-S topology has two features that make it better for use with 

inductive power transfer (IPT). The first is that primary capacitor is 

independent to the load or the magnetic coupling. The second is the 

secondary winding in the primary coil that has  real reflected items. In 

addition, the S-P topology needs a controller for variable frequency  

which can add a complexity to the circuit where the S-S topology required 
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a fixed frequency. So, the S-S topology is the better topology for charging 

a battery for constant voltage and constant current charging  [12].  

In 2015 This paper proposed a novel DC-DC converter model based on 

the analysis of WPT and designed a feedback controller for the maximum 

efficiency control of WPT. Experimental results demonstrated that the 

analysis of the secondary current of WPT is acceptable, and that the 

maximum efficiency control through secondary voltage control is suitable 

for EV applications at any transmitting distance.        

In 2016, A.T. Satel, designed a proposed system of wireless power 

transfer for charging a battery of laptop by 20V, 6A (120W). The number 

of turns of the coil is also discussed in this study and concluded that when 

the turn of the coil increased the coupling between coils increased. The 

result that has been obtained from the design and simulation  indicates 

that can charging a battery of a laptop for the required specification is at 

efficiency equal to 62% [13]. 

In 2017 S. Luo, S. Li and H. Zhao. Proposed the optimal parameter design 

methods for four-coil, LCC and CLC structure. Then, the reactive power 

of the three optimized system using different compensation circuits is 

compared by analysis, simulation. And the results shows that the LCC 

compensation network has lower consumption of reactive power than 

CLC and four-coil structure, also when additional insulation is need, four-

coil compensation would also be a good choice [7]. 

In 2017, Z. Liu et al. proposed a tank system for wireless power transfer 

that does not change a lot with the misalignment between the transmitter 

and receiver point. Also the efficiency of the system remains at the same 

value when the distance is changed from 30-100 mm between the 

transceiver points. The efficiency is equal to 71.77% for the measurement 

and simulation results to the success of the proposed system [14].    
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In 2018, Z. Zhang et al. presented an overview of WPT techniques with a 

concentration on the technical challenge and the applications. Then this 

study discussed the IPT system technique and concludes that the IPT of 

two coils can work only for short rang distance applications where the IPT 

of four coils is used with higher distances [15].  

In 2020, S. Kuka et al. present a review of the accomplishments of 

methods for increasing the efficiency and distance enhancement in WPT 

applications. The efficiency improvement depends on increasing the 

efficiency of all blocks that are included in the WPT system.  Moreover, 

the efficiency of the system can be improved by: firstly, designing the coil 

correctly, secondly the compensation circuit of the resonance in the 

transceiver circuit, and other improvements that would be possible in the 

power converters topologies [16].  

In 2021 Y. Zhang, S. Chen, X. Li and Y. Tang gives an overview of the 

state-of-the-art high-power static WPT systems via magnetic induction 

In 2022,  M. Amjad, et al discussed electric vehicle charging using the 

wireless power transfer technique. This study includes the importance of 

WPT technology, especially for electric vehicles which reduce or 

eliminate the wires and the mechanical connection between items. It also 

increases the system efficiency. The comparison between mutual coupling 

type, inductive and coactive have been discussed to show the better 

technique for charging. Finally, the study reached that the inductive WPT 

is the appropriate method for wireless charging of electric vehicles [17]. 
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1.4  Aims of the Thesis  

The aim of this study is to design a WPT system for one of the 

modern technology which is the smartphone application. The following is 

the steps of discussed and designing the WPT system:   

1 - Recognizing the importance of WPT technology. 

2 - Designing a system to analyze the Frequency Splitting Phenomenon 

(FSP)  before designing the WPT circuit. 

3 - Designing a WPT system using inductive power transfer type (IPT) 

with the resonance that can charge smartphone applications by (10W, 5V, 

2A) at acceptable efficiency. 

 

1.5 Thesis Outline  

This thesis consists of four chapters organized as follows:  

Chapter One  presents an overview of the wireless power transfer 

(WPT)  technology and discusses its type, in addition to the literature 

review and the aims of the study. 

Chapter Two  includes an introduction, and basic theories of WPT. It  

discusses briefly the types of WPT that had been used, explores the 

structure, and explains the way WPT operates and its applications.  

Chapter Three  includes the design and simulation results of the 

frequency splitting phenomenon and the wireless charging system of 

smartphone and discusses the effect of different parameters on the 

system performance.    

Chapter Four includes the conclusions of the results that have been 

reached from this thesis study in addition to some suggestions for future 

work. 
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CHAPTER TWO 

Basics of WPT System and their Applications 

 
2.1 Introduction 

 

Wireless power transfer (WPT) is considered nowadays an important 

technology due to many of its features. The main common feature between 

all types of WPT is that all methods transmit power using current (AC). 

Generally, transmitting power occurs by two methods: coupling and 

radiative [18-19]. The coupling method is classified into a magnetic field 

and electric field whilst the radiative method is classified into microwave 

and lasers. The magnetic and electric coupling types can transmit power at 

short and medium-range,  this means it can be used for near-field 

applications whilst radiative is used in far-field type [20].  

The working principle of WPT system is based on the magnetic flux 

generated between two coils at the resonance frequency, where these series 

capacitor values is chosen to suit resonance frequency [21]. The advantage 

of adding a series capacitor to form a resonator circuit is to obtain the 

maximum power transfer of the circuit. Moreover, some parameters can 

effect the power transfer such as, distance between coils, the appropriate 

frequency and so on [22-24].    

Figure 2.1 shows the basic block diagram of wireless power transfer 

for the charging system.  
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Figure 2.1 Typical diagram of WPT for charging the battery. 

 

2.2 Applications of Wireless Power Transfer  

Due to the advantages of WPT which are, safety, ease of use, and less 

complexity than other methods, wireless power transfer (WPT) 

technology has many applications. The most important applications of 

WPT are [25-28]:  

1.  Portable Devices:  

The batteries of portable devices including, mobile phones, 

laptops, iPad, Air Pods, and a variety of modern smart 

applications can be charged by a wireless technique which can 

reduce the wires more than wire charging, which is the most 

important advantage in addition to many other advantages. This  

 

2. Vehicle Charging:  

Vehicle charging includes all kinds of electric cars, where 

charging a car wirelessly can save time. It can charge the car at 

home or at charging stations. There is static and dynamic 

charging, the dynamic charge is important but is still developing 

to reach the superior results. 

 

Load 
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3. Medical Equipment: 

In medical equipment such as charged medical devices that are 

implanted inside the body, WPT can be used to eliminate the 

need for elicitation of the body.  

4. Home Applications: 

WPT can be used for home applications such as kitchen oven, 

kettle, blender, and so on, to avoid the electric shock, as any 

device can be charged  by putting it on the charging place.     

 

 

 

 

 

 

Figure 2.2 Wireless power transfer applications [25]. 

2.3 Wireless Power Transmission Types 

Wireless power transmission WPT is a generic term that describes 

the various types of transmitting power wirelessly [29-31]. In general, there 

are two types of technologies that differ in range which could transfer the 

power to the load.  

 

Figure 2.3 illustrates  the types of wireless power transmission 

categorized into  radiative and non radiative types. 
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WPT 

Microwave  

Laser 

Inductive coupling  

Capacitive coupling 

Radiative type (Far 
field) 

Non Radiative type 
(Near field) 

 

 

 

 

 

 

 

 

Fig. 2.3 Types of Wireless Power Transfer [29]. 

The main difference between the two types of the WPT near field 

and far field is the power transmission distance and the frequency, where 

the far field transfers power over medium and far distances with the 

range of frequency in GHz, for example, transmission using the laser or 

microwave is considered a type of far-field transmission. The near field 

is used for near distances of a few centimeters and the range of 

frequency is lower than far field transmission from KHz to MHz [32-33]. 

The near field type is higher efficient in power transmission than the far 

field type.  

The power transmission depends on the distance between two objects. In 

the far field and near field, the power transmission is depends on the 

distance between coils [34-35].  Inductive coupling type was discussed 

in this thesis . Figure 2.4(a) shows the inductive coupling type and figure 

2.4(b) shows the circuit of inductive coupling type after adding 

capacitance to the coils (L1, L2). 
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 (a) (b) 

Figure 2.4 (a) Inductive coupling, (b) Resonance inductive 

coupling WPT System. 

The inductive coupling system is termed resonance inductive 

coupling when adding a capacitance into one or two sides of the coils. 

There are four types of compensation circuits depending on the number and 

capacitance placed in the circuit. This circuit is termed compensation 

circuit[36-38]. The next section, gives more explanation about the 

compensation circuit. 

 

1.6 Main Concepts of the Resonance Inductive Coupling Wireless 

Power Transfer System. 

The main concepts of the WPT are discussed in the following sections.  

1.6.1 Resonance  

The resonance in the circuit that contains an inductor and capacitor is 

shown in figure 2.5. It occurs because the magnetic field of the inductor 

generates an electrical current in the winding that charges the capacitor. 

Then the capacitor discharging creates an electrical current that produces a 

magnetic field [39]. This process is repeated continuously which leads to 

creating the resonant frequency. At the resonant frequency in the series 

RLC circuit there are significant characteristics that can explain briefly. 

they are. 
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 The capacitive reactance XC and the inductive reactance XL are equal.  

• The total value of the impedance Z in the circuit will be minimum which 

is equal to resistance R. 

• The current of the circuit will be the maximum value when the impedance 

is reduced.  

• The voltage across the resistor equal to the supply voltage. Chapter Two 

14  

• The phase of the voltage and the current are the same making zero phase 

angle between them because the entire circuit is purely resistive and 

therefore the resultant reactance is zero.  

• The power factor will be unity [42-44]. 

 

 

 

 

 

Figure 2.5 RLC series circuit[43]. 

The magnitude of the transfer function (TF)  could be written as shown 

below when the output of the series circuit is taken across the resistor (R) 

[43].  

 

     |𝑯(𝒘)|  =  | ( 
𝑽𝒐𝒖𝒕(𝒘)

𝑽𝒊𝒏(𝒘)
 |  =   

𝑹

𝒁
 =  

𝑹

√𝑹𝟐+(𝒘∗𝑳−
𝟏

𝒘∗𝑪
)𝟐

 

 =
𝒘 ∗ 𝑪 ∗ 𝑹

√𝒘𝟐 ∗ 𝑪𝟐 ∗ 𝑹𝟐 + (𝒘𝟐 ∗ 𝑳 ∗ 𝑪 − 𝟏)𝟐
  

|𝑯(𝒘)|  =  𝟏 correspond to 𝒘𝟐 ∗ 𝑳 ∗ 𝑪 −  𝟏 =  𝟎 or 𝒘𝒐  =  
𝟏

√𝑳∗𝑪
 . 

The resonance frequency depends on the coil and capacitor parameters. The 

maximum transmission of power can be obtained at the resonance 

frequency. The impedance of the RLC series circuit can be calculated as. 

Vin(t) 

Vout (t) 

(2-1) 

(2-2) 
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|𝒁| =  √𝑹𝟐 +   (𝒘 ∗ 𝑳 −
𝟏

𝒘 ∗ 𝑪
)𝟐 

At resonance condition, the inductive reactance (XL= 𝒘*L) is equal to 

capacitive reactance (XC=1/ 𝒘 *C).  So, the impedance (Z) becomes pure 

resistive.  

On both sides of the resonance maximum point, there are two points called 

the half power points because the power at these points is equal to half the 

power at resonance. At these points, the voltage across the resistance is 

reduced to  𝟏/√𝟐 times the voltage at resonance. The frequency separation  

between these two frequency is called bandwidth (BW). So the transfer 

function could be written as:   

 
𝟏

√𝟐
 =  

𝑹

√𝑹𝟐 + (𝒘 ∗ 𝑳 −  
𝟏

𝒘 ∗ 𝑪)𝟐

  

So the bandwidth can be calculated as  shown below  

By squaring Eq (2-3), 

𝟏 

𝟐
 =

𝑹𝟐

𝑹𝟐 + (𝒘 ∗ 𝑳 −  
𝟏

𝒘 ∗ 𝑪)𝟐
                                                                (𝟐_𝟒)  

The W1, W2 are the roots that can be written as shown, 

𝒘𝟏 = − 
𝑹

𝟐 ∗ 𝑳
+  √(

𝑹

𝟐 ∗ 𝑳
)

𝟐

+
𝟏

𝑳 ∗ 𝑪
 

𝒘𝟐 =
𝐑

𝟐∗𝐋
+  √(

𝐑

𝟐∗𝐋
)

𝟐

+
𝟏

𝐋∗𝐂
 

So, the bandwidth equation is 

𝑩𝑾 =  𝒘𝟐 − 𝒘𝟏 =
𝑹

𝑳
 

(2-3) 

(2-5) 

(2-6) 

(2-7) 
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Where equation 2.7 can show the bandwidth is proportionate to the 

resistance R. 

To find the resonance, multiply  w1,w2, where w is the 

angular frequency. 

 𝒘𝐎  =  √𝒘𝟏 ∗ 𝒘𝟐 

Where wO= 2*π*Fr so the resonance frequency (Fr) of the RLC series 

circuit  is,  

 𝑭𝒓  =  
𝟏

 𝟐∗𝝅∗√𝑳∗𝑪
 

1.6.2 Quality factor (Q) 

Quality factor (Q)  is one of the important parameters that shows the 

capability of the inductor to save energy. The coil quality factor is inversely 

proportion to R ( internal resistance of the coil) [45]. The internal 

resistance of the inductor means there is power consumption. Therefore, 

when the resistance value is small the quality factor of the coils becomes 

high and the efficiency is high. So, the quality factor is the ratio of energy 

stored in the system to the energy dissipated in the system [46].  

   

Quality factor can be written as in Eq (2-10) 

𝑸 =
𝑬𝒏𝒆𝒓𝒈𝒚 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒕𝒉𝒆 𝒄𝒊𝒓𝒄𝒖𝒊𝒕

 𝑬𝒏𝒆𝒓𝒈𝒚 𝒅𝒊𝒔𝒔𝒊𝒑𝒂𝒕𝒆𝒅 𝒊𝒏 𝒕𝒉𝒆 𝒄𝒊𝒓𝒄𝒖𝒊
  

At resonant frequency, the quality factor can be written as 

 𝐐𝐮𝐚𝐥𝐢𝐭𝐲 𝐟𝐚𝐜𝐭𝐨𝐫 (𝐐) =  
𝐰𝐎∗𝐋

𝐑
 

Where XL= 𝒘o*L , so 

wo=2*π*Fr 

  

(2-8) 

(2-9) 

(2-10) 

(2-11) 

(2-12) 
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1.6.3 Coupling Factor 

Coupling factor is a measure of the amount of the interaction between two 

coils in a WPT circuit, where a higher coupling means there are small 

losses of the magnetic flux or there is high flux reaching to the receiver 

through the current generated and transferred from the primary to the 

secondary coil of the circuit. In addition, the coupling factor also depend on 

the distance between the coils. Whenever the distance between two coils  is 

small the  coupling become high, which means the losses in magnetic flux 

is small and the efficiency of the transmitting energy is high [46]. K is a 

unitless value  and the values should be from 0 to 1. K=0, illustrate  there is 

no magnetic flux reached to the receiver or the two coils not depend to each 

other. K=1 means there is a flux reaching to the receiver and it is  

considered as the perfect condition. The coupling factor can defined and 

calculated as the amount of magnetic flux that is transmitted from the 

transmitter coil to the receiver coil [47-49].     

𝑲 = 𝑴

√𝑳𝟏𝑳𝟐      
              

 

1.6.4  Mutual Inductance (M)  

When two resonant coils is placed close to each other, the magnetic flux in 

the primary coil tends to connect to the secondary coil and then induces a 

voltage in the secondary coil. So this operation of generating  a current and 

voltage in the receiving coil is called the mutual inductance [44][50].  In 

addition, the distance can affect the mutual inductance value where 

whenever the distance between the two coils is small, the mutual 

inductance become high. To link the mutual inductance with the coupling 

factor, it can define the coupling factor is the amount of mutual inductance  

between the two coils [51][52] and the equation of mutual inductance can 

be written as shown below in Eq 2-14.  

(2-13) 
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M = N2 ∗ 
∅12

𝐼
           

 Figure 2.6 illustrates the conventional circuit of the resonant inductive 

coupling series capacitor. 

 

 

 

 

 

 

 

 

 

Figure 2.6  Conventional circuit of the resonant inductive coupling system 

Where the Vs is the voltage source that generates the sinusoidal signal,  C1, 

C2 is the resonance capacitor of the coils L1, L2 respectively. RL is the 

load of the circuit, and M is mutual inductance. 

1.7  The Components of  Resonance  inductive coupling power transfer 

(ICPT)  System Achievement  

Each system has a component that is considered a major element to 

enhance system performance. Resonance inductive coupling WPT consists 

of elements to form a WPT System, where each component can improve or 

can be chosen to suit the required system results.  

Figure 2.7 shows the schematic diagram of the resonance inductive WPT 

system, to show the  components arrangement of the system.       

 

 

M 

(2-14) 
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Figure 2.7 Schematic diagram of resonance inductive WPT system. 

In the following sections, the major components of WPT system realization 

are discussed. 

1.7.1 Compensation Circuit  

Compensation circuit consists of C1 and C2 which are added to improve or 

increase the power transmitter efficiency of the system. these capacitors are 

added to the transmitter and receiver coils[53]. 

There are four types of compensation circuits according to the method of 

the capacitors linked with inductance or coils,  which are series to series (S-

S), series to parallel (S-P), parallel to series (P-S), and parallel to parallel 

(P-P). The S refers to the series connection and P refers to Parallel 

connection with the coil, so, the first character illustrates the method of the 

linked capacitor  to transmitter side  and the second character illustrates the 

method linking the capacitor  to the receiver side. Figure 2.8 shows four 

types of compensation circuits [54-55].    

The (S-S) type had been used in this thesis to design a WPT charging 

system because C1 behaves as a current source and produce a constant 

current that result to induce a voltage in the secondary coil. The C2 is to 

ensure the fixed resonance frequency independent of load and coupling and  

acts as voltage source that supplied a fixed voltage. So, the S-S topology is 
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the better topology for charging a battery for constant voltage and constant 

charging current and also for fixed frequency system[13]. 

 

 

 

 

  

 

 

 

 

  

Figure 2.8 Compensation circuit types [55]. 

 

 

1.7.2 Inverter  

 The inverter is a device used to convert DC to AC signal, in the WPT 

system. The first component in the primary stage is the inverter which is 

supplied by the  DC voltage  source. Then this voltage is converted into an 

AC signal at the frequency which depending on the pulses applied on the 

gate[56]. After that, the generated AC current at the output of the inverter 

generates an AC alternating current flow in the secondary stage. There are 

two types of inverters to convert the DC to AC signal, half-bridge inverter 

and full-bridge inverter[56-59].  

The following section includes a short discussion of the inverter types. 
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1.7.2.1 Half Bridge Inverter  

Two power electronic switches are needed at the half bridge inverter which 

consists of IGBT or MOSFET, depending on the purpose that is needed. 

Also in half bridge type, the voltage is split into two 0.5 VDC of the full 

voltage and the voltage in the output is generated depending on the on-off 

switches of the MOSFET that is operated or determined depending on the 

frequency of the gate pulses. Figure 2.9 shows the circuit of the half-bridge 

inverter[57].  

 

 

 

 

 

 

 

Figure 2.9 Half bridge inverter 

Half-bridge inverter is operated with two modes, SW1, and SW2 the 

switches. So when SW1 is on the current path it flow from 0 to t1 and SW2 

is off as shown in figure 2.10. 

 

 

 

  

 

 

SW1 

SW2 
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 Figure 2.10 Current path at  SW1= on, SW2 = off.  

 

When  SW2 is on, SW1 becomes off, and the current flows at half cycle 

from t1 to t2 as in figure 2.11.  

 

 

 

 

 

 

 

 

Figure 2.11 Current path at SW1= off,  SW2 = on. 

 

 

 

SW1 

SW2 

SW1 

SW2 
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Figure 2.12 Output voltage VL of half-bridge inverter 

 at SW1, SW2. 

Figure 2.12 shows the output voltage of the inverter where the output 

voltage is AC signal due to the current path from 0 to t1 at SW1 and flows 

from t1 to t2 when SW2 is on [56-57]. 

1.7.2.2 Full Bridge Inverter  

Full bridge inverter consists of four MOSFET or IGBT switches as shown 

in figure 2.13, and the voltage source is not split into two-parts. The 

operation mode and current flow through full bridge circuit are slightly 

different from the half bridge [57-58].  

 

 

 

 

 

 

 

 

 Figure 2.13 Full bridge inverter. 
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There are two modes of operation: the first mode is when SW1 and  SW4 

are on, so SW2 and SW3 are off. The current (I1) flow through switches 

from 0 to t1 as shown in figure 2.14.  

  

 

 

 

 

 

 

Figure 2.14  Current path at SW1 and SW4 on 

The second mode is when SW2 and  SW3 are on so, SW1, SW4 is off the 

current flow from t1 to t2 as shown in figure 2.15.  

 

 

 

 

 

 

 

 

Figure 2.15  Current path at SW2 and SW3 on 

The operation modes are not different from half bridge except that peak 

output voltage is VDC  where peak load voltage is 0.5 VDC.  

 



23 
 

Figure 2.16 shows the load voltage of the full bridge inverter during the 

operation cycle.  

 

 

 

 

 

 

 

Figure 2.16  Output voltage VL of half-bridge inverter 

 at SW1, SW2 

The switching device that was used in this system is MOFSET, because 

MOSFET is suitable for low voltage operation, while an IGBT device is 

suitable for high current and voltage operation[13]. 

1.7.3 Rectifier   

The rectifier is placed in the receiver stage before the load or the device 

that needs power because the rectifier is AC to DC converter. The signals 

of current and voltage received from coils are AC signals so the rectifier 

converts these signals into DC signals to be compatible with the load. In 

addition, a capacitor is linked with a rectifier as a filter to minimize the 

ripples of the signals[60-61].  

Figure 2.17 shows the bridge diode rectifier. Where D1, D2, D3and D4 are 

diodes, and the working principle is with two modes: the positive half cycle 

of the current flows through D1 and D2, and the negative half cycle of the 

current flows through D3, D4[62].     
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Figure 2.17 Full bridge rectifier[62]. 

1.7.4 Inductive Coils  

The main component of any wireless power transfer system is the coil. 

There are two coils designed as the primary coil (L1) which is for the 

charger and the secondary coil (L2) is for a smartphone.  The following 

equation is the theoretical parameter calculation to design coils and the 

analysis of the WPT equivalent circuit to calculate the efficiency of the 

system[63-65].  

  So L1 and L2 can be calculated as[64].  

𝑳𝟏 =
µ𝒐

𝒑𝒊
∗ 𝑵𝟏𝟐 ∗ 𝑾 ∗ 𝐥𝐨𝐠 (𝟐 ∗ 𝑻𝟏 ∗

𝑾

𝑹𝟏∗(𝑾+(√𝑻𝟏^𝟐+𝑾^𝟐))
) +

µ𝒐

𝒑𝒊
∗ 𝑵𝟏𝟐 ∗ 

(𝑻𝟏 ∗ 𝐥𝐨𝐠 (𝟐 ∗ 𝑻𝟏 ∗
𝑾

𝑹𝟏 ∗ (𝑻𝟏 + (√𝑻𝟏𝟐 + 𝑾𝟐))
) − 𝟐 ∗ (𝑾 + 𝑻𝟏 − √𝑾𝟐 + 𝑻𝟐))

+ µ𝒐 ∗ 𝑵𝟏𝟐 ∗
𝑻𝟏 + 𝑾

𝟒 ∗ 𝒑𝒊
        

 

 

 

 

(2-15) 
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𝑳𝟐 =
µ𝒐

𝒑𝒊
∗ 𝑵𝟐𝟐 ∗ 𝑾 ∗ 𝐥𝐨𝐠 (𝟐 ∗ 𝑻𝟐 ∗

𝑾

𝑹𝟐∗(𝑻𝟐+(√𝑻𝟐𝟐+𝑾𝟐))
) +

𝒖𝒐

𝒑𝒊
∗ 𝑵𝟐𝟐 ∗

(𝑻𝟐 ∗ 𝐥𝐨𝐠 (𝟐 ∗ 𝑻𝟐 ∗
𝑾

𝑹𝟐∗(𝑻𝟐+(√𝑻𝟐𝟐+𝑾𝟐))
) − 𝟐 ∗

(𝑾 + 𝑻𝟐 − (√𝑾𝟐 + 𝑻𝟐𝟐))) + µ𝒐 ∗ 𝑵𝟐𝟐 ∗
𝑻𝟐+𝑾

𝟒∗𝒑𝒊
     

Mutual inductance is important parameter for the system performance 

and we can notice from the equations that the mutual inductance depends 

on the physical dimension of the coils in addition to coupling factor also 

depending on the physical dimension and can be written as[65].  

𝑴 = ((
µ𝒐

𝒑𝒊
) ∗ 𝑵𝟏 ∗ 𝑵𝟐 ∗ 𝑻𝟏 ∗ 𝐥𝐨𝐠 (

𝒔𝒒𝒓𝒕((𝑮𝟐)+(𝑾𝟐))

𝑮
))     

𝑲 =
𝑴

√𝑳𝟏∗𝑳𝟐      
                 

Where, 

L1,L2: inductance   

T1,T2: length of the coils 

W: width of the coil 

G: the distance between coils 

µo: permeability of the air = 4*pi*10
-7

Hm
-1

 

M: Mutual inductance  

K : Coupling factor  

N1,N2: Turns ratio of the coils 

R1,  R2 is the radius of the windings  

Each inductance has an internal resistance and can affect the efficiency. It 

is  better to be small and can be calculated as shown below, where S1,S2 is 

cross section of the coils[64].   

𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞 𝟏 = ((
𝟏

𝟓𝟕
) ∗ 𝐍𝟏 ∗ (

𝟐∗(𝐓𝟏+𝐖)

𝐒𝟏
))       

𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞𝟐 = ((
𝟏

𝟓𝟕
) ∗ 𝐍𝟐 ∗ (

𝟐 ∗ (𝐓𝟐 + 𝐖)

𝐒𝟐
))    

(2-16) 

(2-17) 

(2-19) 

(2-20) 

(2-18) 
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The compensation elements C1,C2 should be chosen to achieve the same 

resonance frequency for the two stages.  So, the resonance capacitance can 

be calculated as   

𝑪𝟏 =
𝟏

𝒘𝟎
𝟐.𝑳𝟏

              

𝑪𝟐 =
𝟏

𝒘𝟎
𝟐.𝑳𝟐

                 

Where the resonance frequency Fr can be calculated using Eq 2.9 

 

Figure 2.18 WPT equivalent circuit  

 

The currents at the primary and secondary stages are shown in figure 2.18 

and can be calculated in equation below 

Where I1and I2  is currents of  primary and secondary stage respectively  

  

𝐈𝐩𝐫𝐢𝐦𝐚𝐫𝐲 =  
𝐕𝐢𝐧

𝐙𝟏
     

Where Z1,Z2 stands for the impedance of the primary and secondary coil is  

𝐙𝟏  =  𝐑𝟏 +  𝐣 ∗ 𝐰 ∗ 𝐋𝟏 +   
𝟏

𝐣 ∗ 𝐰 ∗ 𝐂𝟏
 +  

𝐰𝟐 ∗ 𝐌𝟐

𝐙𝟐
     

Where Z2 is the impedance of the secondary  stage and can be written as  

𝒁𝟐 =  𝑹𝟐 +  
𝟏

𝒋 ∗ 𝒘 ∗ 𝑪𝟐
+  𝐣 ∗ 𝐰 ∗ 𝐋𝟐 +  𝐑 𝑳    

(2-22) 

(2-21) 

(2-23) 

(2-24) 

(2-25) 
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So the current at the primary stage Iprimary at resonance frequency can be 

written as 

𝐈𝐩𝐫𝐢𝐦𝐚𝐫𝐲 =  
𝐕𝐢𝐧

𝐑𝟏 +
𝐰𝟐 ∗ 𝐌𝟐

𝐑𝟐 + 𝐑𝐋

        

Where the current at the secondary stage ( secondary coil) is generated by 

the induced voltage because the current variation at the primary coil  can be 

written as  

𝐈𝐬𝐞𝐜𝐨𝐧𝐝𝐚𝐫𝐲 = − 
𝐣 ∗ 𝐰 ∗ 𝐌 ∗ 𝐕𝒊𝒏

𝐑𝟏 +
𝐰𝟐 ∗ 𝐌𝟐

𝐑𝟐 + 𝐑𝐋

    

To observe the system performance and the efficiency that had been 

reached to achieve the required result, we should calculate the input power 

and output power as follows,   

To find the power at the primary side P1 and the power transmitted to the 

secondary coil P2   

 𝑷𝟏 =
𝑽𝒊𝒏

𝟐

𝒁𝟏
   

𝑷𝟐 =
𝑽𝟐

𝟐

𝑹𝑳
      

where V2 is the voltage at the secondary side and RL is the equivalent load 

resistance of the rectifier and the battery load. The efficiency can be 

calculated as in eq 2-30. 

𝐏𝐓𝐄 =  
𝐏𝐨𝐮𝐭

𝐏𝒊𝒏
   

1.8  Smartphone Charging Work Principle  

The principle of charging smartphones wirelessly is by placing the 

smartphone  above the charger device across a small distance [68-69].   

(2-26) 

(2-27) 

(2-28) 

(2-29) 

(2-30) 
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Figure 2.19 Work principle of wireless charging system. 

     

Figure 2.19 clarifies the smartphone at charging operation. When placing 

the mobile on charger, an AC current flows through the primary coil 

causing a magnetic field that generating an AC current in the secondary 

coil. After that,  this current is delivered to the battery as direct current by 

rectifier, which makes the battery charging[70-71]. 

From this principle can notice that there is no need to link the mobile to the 

charger by wires, for the safety, and flexibility of charging. 

The following are the objects that should be in consideration when 

designing a WPT system for smartphone charging: 

 The distance between two coils because it has an important effect on 

the system. 

 Choosing the appropriate resonance frequency. 

1.9 Frequency Splitting Phenomenon  

Frequency splitting is a phenomenon that occurs in WPT system and can 

affect the system PTE.  When the distance between two coils is decreased 

the PT and the efficiency is dropped sharply at the resonance frequency, 

while the resonance frequency is split in two new frequencies and the 
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power transmitter and efficiency become at maximum values at these two 

frequencies, this is called the frequency splitting. Figure 2.20 show the 

frequency splitting phenomenon at different distances[72][73]. 

 

 

 

 

 

 

 

Figure 2.20 Frequency splitting phenomenon of two coils[68]  

The relationship between the coupling factor and the distance is nonlinear. 

So, when the distance decreases, it causes the coupling factor to increase at 

the same time [45]. 

There are three situations of coupling: 

1 Under Coupled range.  

2 Critical Coupled range.  

3 Over Coupled range.  

 In the under-coupled range the distance between two coils is large and the 

K< Kcritical which means the coupling between two circuits is low. 

Therefore the PTE and power transmission are small and on peak 

resonance frequency. This situation IS considered a non-efficient case.  

The critical coupled range is considered the preferable situation where K= 

Kcritical. In this case, the coupling between two coils is high, and the PT and 
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PTE are high at one peak of the resonance frequency. So the output of this 

circuit is considered an efficient signal. 

When K> Kcritical, this case is considered a non-preferable situation because 

the splitting in resonance frequency occurrs, and when the coupling still 

increased, the splitting becomes higher and insecure. So, it  can be noticed 

from figure 2.20 that critical coupling is at 12 mm and the PTE is at one 

peak resonance frequency.  
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CHAPTER THREE  

Design and Simulation of the Wireless Power Transfer 

Using Resonance Technique 

 
 

3.1  Introduction 
 

In this chapter, the design and simulation results of the wireless 

power transfer circuit of smartphone charging by MATLAB program 

shows that, the results of the frequency changes can effect on the system 

efficiency or power transmission on the circuit. In addition, the effect of 

distance and resonance frequency on the system performance are simulated 

and discussed. 

In recent years, the resonant inductive coupling  (RIC) type  of the 

WPT has become one of the most demanded technologies. WPT has a 

splitting frequency phenomenon (FSP). So, before designing  the WPT 

technique system, a prototype has been designed by Advanced Design 

System(ADS) program and analyzed to show the effect of this phenomenon 

and the parameters that made this problem to be able to avoid this trouble 

when designing  the system.  

A compensation circuit designed and the (S-S) type has been chosen 

due to the importance of adding this compensation circuit which consists of 

(C1,C2)  to improve the system performance.  

 

WPT system has been designed, simulated and analyzed by 

MATLAB program. The WPT circuit consists of six stages: the input stage, 

Inverter device that used due to the DC input voltage, TX-RX coils that 

consist of the (L1,C1,L2,C2), rectifier device that  used to convert the AC 

signals into DC signals and transmits these signals  to the final stage which 

is called the load stage or the battery of the smartphones.   
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WPT can be extremely useful for many  technologies used now for 

more ease of use  [1-2]. The  resonant frequencies that has been used in this 

thesis are  from (50 KHz to 100 KHz).  

In addition to discussing the parts of the circuits and their effect on 

the system performance, the purpose of  this study is to design a coils and 

WPT that enable us to use in the field of charging application such as 

smartphones with 10W, 5V, and 2A with acceptable efficiency. 

Figure 3.1 shows the arrangement of mobile charging system design 

and the technique of operation. 

Figure 3.1 shows the technique of all elements arrangement where this 

technique represents the wireless smartphone charging. The charger can 

charge the devices that only have property of wireless charging which means 

the modern smartphones such as Samsung and iPhone with the new version.  

 

 

 

 

 

 

 

 

 

Figure 3.1 Smartphone charging operation technique. 

Before explaining the system design of this thesis, it should 

demonstrate the problems that could be faced in the  designing work. There 

is a problem in WPT which is frequency splitting phenomenon that should  

take into account when designing a WPT system. So firstly a prototype 

design is discussed to shows this problem. This design and Simulation  is 

achieved by ADS program. 
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The required result is to obtain 10 W, with 5Vand 2A to be suited for 

charging smartphones. The results are divided into the following  sections.  

 The result of a proposed system to clarify the FSP that is 

considered a problem in WPT and discuss the results. 

 The result of a WPT proposed system to show the effect of 

frequency and distance changes on the system performance.  

 Choosing the suitable parameters values for frequency and 

distance to obtain the better system performance. 

 

3.2 Design and Simulation of the Proposed System of  Frequency 

Splitting Phenomenon 

The FSP is considered as a problem to some systems. So, in this 

thesis a small system has been designed and simulated by ADS Software to 

show this problem. Also from the figures (3.3-3.10) can be observed the 

effect of some parameters on the efficiency and the system performance.   

Figure 3.2 is a prototype of WPT system which consists of two coils and 

two  capacitor to represent the design of WPT  system used to clarify 

frequency splitting phenomenon. 

 

 

   

  

Figure 3.2 Topology of WPT for FSP design. 
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The amount of power transmission from the source to the load is depends 

on the matching between the source and load so when matching occur the 

power is transmitted to the load. The maximum power transmitter 

efficiency can be obtained at the optimal frequency when coupling factor K 

at critical value. 

Where  

R1,R2 internal resistance of the primary and secondary inductance.  

K : Coupling factor. 

K have three situations: under coupling, critical coupling and the over 

coupling.  

Critical coupling is the appropriate situation where the PTE become at 

maximum values whilst at over coupling situation. The PTE  becomes at 

lower value at the optimal frequency  and at high value at the two new 

sided frequency which called the frequency splitting phenomenon.  

 

The main  parameters that affect the system performance and should be in 

consideration when designing a system are: 

 Coupling coefficient k:  The effect of coupling to compare and show the 

effect on the system at each frequency . 

  The distance where there is a  nonlinear relation between distance and k. 

 Resonance frequency (Fr): The FSP occurs at higher distances when 

frequency increasing  

4.1 Simulation Results of the Frequency Splitting Phenomenon (FSP). 
 

In this section, the results of FSP designing circuit had been shown and 

discussed in figure 3.1, The ADS program is used to simulate the circuit. The 

parameters of the design are proposed in this circuit to exhibit the comparison 

between three frequencies ( 10, 20, and 30 MHz) on the wireless power 

transfer system 
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3.2.1 Simulation Results of the Frequency Splitting Phenomenon at Fr=10 

MHz. 

The equation used by (ADS) program to show the Efficiency curve is shown 

below. Where S21 is s-parameter.  

𝐸𝑓𝑓 = 100 ∗ ((𝑚𝑎𝑔𝑆21) ∗ 𝑚𝑎𝑔(𝑆21)) … … … … … … … . . (3 − 1) 

Where  

R1,R2 =0.5 Ω 

C1,C2=12.67 PF 

Figure 3.3 shows that the efficiency is approximately 62 % at a resonance 

frequency equals to 10 MHz, and  coupling factor equals to 0.02  at under 

coupled situation which is one of the three situations of FSP discussed in 

chapter 2. 

 

 

  

 

 

 

 

Figure 3.3 Efficiency for under coupled range at K=0.02,  Fr=10 MHz. 

 

It can be noted from figure 3.4, the increase in the efficiency of the power 

transmitter in critical coupled situations is equal to 98 % at K = 0.04, Fr 

=10 MHz. where K is the coupling factor, and Fr is the resonance 

frequency.       
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Figure 3.4  Efficiency for critical coupled range at K=0.04,  Fr=10 MHz. 

It is noted from figure 3.5 that there is a drop in efficiency at the 

resonance frequency, where it is equal to 93 % as shown in figure 4.5 and 

the higher value  at the two new-sided frequencies 9.5 and 10.5 MHz. 

 

 

 

 

 

 

 

 

Figure 3.5  Efficiency for over coupled range at K=0.05,  Fr=10 MHz. 

Figures 3.3, 3.4 and 3.5 show the three situations of coupling and can be 

noted the high effect of coupling coefficient changing in values on the 

power transmitted efficiency (PTE). The efficiency becomes at lower 

values at under coupled range where better PTE is at critical coupled value, 
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and the splitting in frequency and power sharped at over coupled range 

which is considered the worst situation for the system because the power 

transmitted is becomes at lower values. 

Table 3.1 shows the summarized results at Fr=10 MHz of maximum 

efficiency values at coupling factor values including under coupled, over-

coupled, and critical coupled. 

Table 3.1 Maximum efficiency at three coupling situation at Fr=10 MHz. 

 

From Table 3.1 can be noticed, that at under coupled range when K = 

0.03 the maximum efficiency is 90%, and when K is decreased to 0.02, the 

maximum efficiency  is 63%, where the coupling at this situation is weak 

so the system efficiency is decreased. At the critical coupled range when 

k=0.04, the maximum efficiency is 98%. The over coupled range is from 

above K= 0.04 to 1 where the maximum efficiency is at two new sided 

frequency. 

3.2.2 Simulation Results of the FSP  at Fr= 20 MHz. 

In this section the three situation of FSP had been shown to compare 

between the situations of the previous section at Fr=20 MHz.  

 

Situation 

Coupling 

Coefficint 

(K) 

Max 

Efficiency(ꞑ)% 
Frequency 

Under coupled 0.02 62 10 MHz 

Under coupled 0.03 
 

90 
10 MHz 

Critical coupled 0.04 98 10 MHz 

Over coupled (FSP) 0.05 

97 

 
8.18 MHz 

98 14.14 MHz 

Over coupled 0.07 
97.8 

18.42 MHz 

 

98 7.66 MHz 
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Where  

R1,R2 =0.5 Ω 

C1,C2=3.16 PF 

Figure 3.6 show the critical coupled situation where the efficiency is at the 

higher  value at Fr =20 MHz equal to 98 %. 

 

 

 

 

 

 

Figure 3.6 Efficiency for critical coupled range at K=0.02, Fr=20 MHz. 

 

Figure 3.7 can show the over coupled situation where the splitting occurs 

that make efficiency approximately 85 % at resonance frequency whereas 

the higher frequency is at two new sided of resonance frequency at F=19.7 

and 20.3 MHz. 

 

 

 

 

 

Figure 3.7  Efficiency for over coupled range at K=0.03,  Fr=20 MHz. 
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Table 3.2 shows the summary of three situations at Fr=20 MHz. where it 

notice that the critical couples at K= 0.02 and the splitting becomes at 

K=0.03, whilst the splitting occur at Fr= 10 MHZ at K=0.05, which it 

meant the splitting in frequency occur at Fr= 20 MHz at coupling value 

lower than Fr=10MHz. 

 

Table 3.2 Maximum efficiency at three coupling situation at Fr= 20 MHz. 

 

 

 

 

 

 

 

 

3.2.3   Simulation Results of the Frequency Splitting Phenomenon at  Fr= 30 

MHz. 

In this section also the situation had been shown to compare the results 

between the three sections to know the effect of frequency increase on the 

system and when the splitting occur.  

Where R1,R2 =0.5 Ω 

C1,C2= 1.41 PF 

It can be noted from figure 4.8 that the efficiency is equal to 97.9 % at 

K=0.013 for critical damp range which arrives to critical value at a lower 

coupling coefficient value compared to the two sections of Fr=10 and 20 

MHz. 

Situations 

Coupling 

Coefficint 

(K) 

Max 

Efficiency(ꞑ)

% 

Frequency 

Under coupled 0.01 62.38 20 MHz 

Critical  coupled 0.02 98 20  MHz 

Over coupled 0.03 
98 

19.78 MHz 

 

97.9 20.24 MHz 

Over coupled 0.5 
97.8 

16.34 MHz 

 

98 28.8 MHz 
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Figure 3.8  Efficiency for critical coupled range at K=0.013,  Fr=30 

MHz. 

Figure 3.9 shows  the splitting in frequency that occurred at K= 0.02 and 

the power transmitter efficiency dropped to 86 % where the high efficiency 

at the two new frequencies where Fr= 29.8 and 30.4 MHz = 98 and 97.7 

respectively. 

 

 

 

 

 

 

 

 

 

Figure 3.9  Efficiency for over coupled range at K= 0.02,  Fr= 30 MHz. 
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It can be noticed from Table 3.3 that the under coupled range becomes 

K=0.01 and max efficiency= 90 where the critical coupled range is at 0.013 

and the max frequency is = 98, and the over coupled starts from 0.013 to 1. 

The over coupled starts from a lower value of K than the other cases listed 

above which are at Fr=10 MHz and 20 MHz and this effect increases 

efficiency, figure 3.10 summarizes the results of the three cases briefly.  

 

Table 3.3 Maximum efficiency at three coupling situations at Fr=30 MHz. 

 

 

4.4 Comparison Results among three Frequencies 10, 20 and  30 MHz.  

 

To clarify the results of the three sections and compare them, the 

frequency splitting phenomenon and the effect of this phenomenon on the 

system must be clarified.  

It can be noted from figure 3.10 that the coupling coefficient at three 

frequencies: at Fr= 10 MHz  the splitting in Frequency occurs at K=0.05, and 

when Fr=20 MHz the splitting in frequency occurs at K= 0.03, and at Fr= 30 

MHz the drop of efficiency and splitting frequency occurs at K= 0.02. 

Situations 
Coupling 

Coefficient (K) 

Max 

Efficiency(ꞑ)% 
Frequency 

Under coupled 0.01 90 30 MHz 

Critical  

coupled 
0.013 98 30 MHz 

Over coupled 0.02 
98 

29.86 MHz 

 

97.7 30 MHz 

Over coupled 0.03 
98 

29.68 MHz 

 

97 30.48 MHz 

Over coupled 0.4 
97.9 

25.4 MHz 

 

98 38.8 MHz 
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In brief this result means, whenever  the frequency of the system increases, the 

splitting in frequency will occurs at lower K.   

Figure 3.10  The splitting in frequency among 10, 20 and 30MHz.  

The results shows the effect of the changing frequency on the system 

performance which leads to an effect on the system efficiency. Increasing 

and decreasing in frequency can affect the system performance. Therefore, 

when designing a WPT system, the choice of appropriate frequency of the 

circuit should be considered. The impact of splitting frequency on the 

system is when the frequency increases, which leads to the appearing of the 

FSP at a lower coupling coefficient than higher frequencies. This means 

that the critical coupling value of the system does not depend just on the 

circuit parameter but on the frequency of the system.     
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3.3 Coils Parameter Design of WPT Charging System.  
 

The selection of coils parameter had been chosen depending on  

familiar  smartphones dimension to be compatible with them Table 3.1 

shows the parameters that had been used to design coils for WPT system. 

Figure 3.3 illustrates the dimensions of the coils, one of the coils is for the 

charger device and the other is for the smartphone device. The transmitter 

and receiver coil that have been injected into the charger and the receiver 

such as smartphone is shown in figure 3.2 which it is parameter designed in 

this study by MATLAB program. 

 

 

 

 

 

 

Figure 3.11 Coil for wireless charging.  

 

  

 

 

 

 

 

 

  

Figure 3.12 Diagram illustrates the notations used for the coils design. 

 

Coil length  

Gap between coils  

Coil width 
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Table 3.4  Parameters of the Smartphone Charging System Coils. 

 

 

 

 

 

 

 

3.2.1 Circuit Parameter Calculation 

To get the values of inductance by calculations for the coil that had been 

designed, the expressions described below can be  used. 

 

% Find L1 L2 

 

𝐿1 

= 𝑢𝑜/𝑝𝑖 ∗ 𝑁1^2 ∗ 𝑊 ∗ 𝑙𝑜𝑔(2 ∗ 𝑇1 ∗ 𝑊/(𝑅1 ∗ (𝑊 + 𝑠𝑞𝑟𝑡(𝑇1^2
+ 𝑊^2)))) + 𝑢0/𝑝𝑖 ∗ 𝑁1^2 ∗ (𝑇1 ∗ 𝑙𝑜𝑔(2 ∗ 𝑇1
∗ 𝑊/(𝑅1 ∗ (𝑇1 + 𝑠𝑞𝑟𝑡(𝑇1^2 + 𝑊^2)))) − 2 ∗ (𝑊
+ 𝑇1 − 𝑠𝑞𝑟𝑡(𝑊^2 + 𝑇1^2))) + 𝑢𝑜 ∗ 𝑁1^2 ∗ (𝑇1
+ 𝑊)/(4 ∗ 𝑝𝑖); 

 

𝐿2 

= 𝑢𝑜/𝑝𝑖 ∗ 𝑁2^2 ∗ 𝑊 ∗ 𝑙𝑜𝑔(2 ∗ 𝑇2 ∗ 𝑊/(𝑅2 ∗ (𝑊 + 𝑠𝑞𝑟𝑡(𝑇2^2
+ 𝑊^2)))) + 𝑢0/𝑝𝑖 ∗ 𝑁2^2 ∗ (𝑇2 ∗ 𝑙𝑜𝑔(2 ∗ 𝑇2
∗ 𝑊/(𝑅2 ∗ (𝑇2 + 𝑠𝑞𝑟𝑡(𝑇2^2 + 𝑊^2)))) − 2 ∗ (𝑊
+ 𝑇2 − 𝑠𝑞𝑟𝑡(𝑊^2 + 𝑇2^2))) + 𝑢𝑜 ∗ 𝑁2^2 ∗ (𝑇2
+ 𝑊)/(4 ∗ 𝑝𝑖) 

 

 

 

Parameters Values 

TX, RX coil length (T1,T2) 200mm,  185mm 

Coils width (W)       60mm 

Number of turns (𝑁1,N2) 12,12 turns 

The gap between coils (G) 30 mm 
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The resistive values of coil windings  can be calculated by:  

 

 

 

 

Where  

S1,S2: is the cross section of the coils  

R1,R2 :Radius of coils windings. 

W :Coils width  

T1,T2: Coils length. 

µo: Permeability of the air =4π*10^-7 . 

N1,N2: Turn ratio 

 

3.2.2 Resonance Frequency Calculation Code: 

 

To get high power efficiency, the operation frequency should be at 

resonance, which leads to reducing the reactance.  

𝐹𝑟 =
1

2∗𝜋∗√𝐿.𝐶
      

 

 

 

Where the C1, C2 must be chosen to be compatible with resonance 

frequency of the transmitter and receiver coil to achieve a good matching 

and the maximum power transfer efficiency. 

(3-1) 
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Where Fr : Resonance frequency 

C1,C2: Capacitance of the primary and secondary coil 

L1, L2: Inductance of the primary and secondary coil. 

Wo is angular frequency = 2*pi*Fr. 

 

3.3   WPT Proposed Design of Smartphone Charging Application 

 

 Fig 3.13 shown the full structure design of WPT in MATLAB Simulation  

where all the stages discussed above in details. The transmitter stage is  

considered the charger and the receiver is the device such as smartphones 

which is the device discussed in this thesis. This system works in the form 

of  transmitting the DC voltage to the load or smartphones to charge the 

battery of load by VDC=5V , IDC=2A, P(power)=10W.  

The first step of the system is to supply a DC voltage from the source. 

After that the inverter (DC-AC) is located on the first stage at the primary 

side of the system which is supplied by the DC voltage from the source to 

generate the AC voltage and current. After that an AC current is induced in 

the primary coil which cause flowing an AC current in the secondary coil. 

Then the AC current and voltage in the secondary side is converted into DC 

current and voltage by the rectifier (full bridge) which exists before the 

load where the capacitance in the load is for smoothing DC signal,  
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Finally the DC current and voltage is transmitted to the load or the 

smartphones to supply the device with a power to be charging.  

This system operation is to transmit power when Dc voltage is 

supplied.  

 

The familiar parameters that can effect on WPT system and  hinder 

performance or efficiency of the system are: 

 Distance. 

 Frequency. 

 Inductance and capacitance values.  

These parameters that affect the system are explained to clarify the 

effect of each one on the system performance to choose the appropriate 

values. In the next chapter the results and comparisons of the thesis 

parameters effect are shown.  
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A WPT system which is composed of two stages, transmitter and 

receiver is designed and simulated by MATLAB program with various 

frequencies and distances because of the importance of this parameter in 

improving the efficiency of the circuit. The first stage consists of Dc source 

and inverter to convert the DC signals into AC signals to move through Tx 

coil.  

The receiver side consists of a secondary coil which receives the AC 

current and the bridge rectifier which converts the AC current into Dc 

current to be compatible with smartphones application because this device 

is  charged only by DC. 

   

In the transmitter side the type of inverter that used is half bridge which 

contains two switches. The type of switches are MOSFET which are more 

suitable for low current and voltage. In this study the voltage and current 

need is not high.  

In the receiver side, the rectifier of bridge type with four diodes and Dc link 

capacitor at load is used to convert the AC signals (voltage, current) into 

DC signals and the capacitor’s function is to smooth the voltage at output. 

 The target of this design is to get a 5V, 2A which leads to 10 W needed to 

charge some smart phones. So this result can be obtained depending on  

system parameter design that have been used, the frequency and the 

physical parameters such as distance coils specifications. So, all these 

parameter taken into account when designing the coils and all system. The 

system sections had been explained briefly in the next figures to know the 

utility of every part. Figure 3.6 shows the input stage of the system where 

the input voltage is DC and the capacitors instead of two DC source voltage 

at  input. 
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3.4  Simulation Results of the Frequency Variation Effect.    

 

The frequency has a high effect on the WPT system design. In this section, 

a WPT circuit had been designed and simulated by Matlab program. The 

parameters that had been used are shown in Table 3.. 

 

Table 3.5 Parameters of the WPT circuit of frequency 

variation simulation. 

 

 
 

 

  

 

 

 

The circuit is designed as shown in Fig 3.14 where different frequencies 

are used to the system to compare between the results and to shows the 

effect of the frequency variation on the system performance to achieve 

5Vand 2A.  

  

Figure 3.12 shows the primary  AC voltage and the current of the system 

after entering the inverter ( inverter used to convert the DC to AC signal 

).  

This figure also shows that the current and voltage are approximately 

1.5A, and 12.88 Vpick whereas these values changes on the secondary 

side as shown in figure 4.10  

 

Parameter Value 

Inductance (L1) 25 µH 

Inductance (L2) 21  µH 

Resonance Frequency (Fr) 70 to 100 KHz 

Distance 30 mm 
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Figure. 3.14   Output of inverter I, V at Fr= 100 KHz. 

 

Figure 3.13 shows the change in voltage and current values which are 

become 6V, 2.5A, that means the voltage is reduced and the current is 

increased. These signals will then enter into the rectifier to be converted 

into DC signals. 

 

 

 

 

 

 

 

Figure 3.15 Current and voltage of the secondary coil at Fr= 100 KHz. 

 

Figures 3.16 and 3.17 summarizes the change in current and voltage at the 

primary side at Fr =70 to 100 KHz. 

s 

s 
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Moreover, figure 3.16 clarify the changes in current at the input stage  

where the current is decreasing with the increasing of input resonance 

frequency. 

 

 

 

 

 

 

 

 

 

Figure 3.16  The current changing of the input stage   

at Fr from 70 to 100 KHz. 

 

 

 

 

 

 

 

 

Figure 3.17  The voltage changing of the input stage   

at Fr from 70 to100 KHz . 
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The voltage is increased in the input stage with the increase in frequency 

due to the relation between current and voltage which is, when the current 

decrease leads to needs voltage increasing as shown in figures 3.16, 3.17 to 

still get the required results in output . 

 

3.5  Simulation Results of the  Distance Variation Effect. 

As discussed, many parameters can affect the system's performance. 

Distance also has an influence. In this section, the effect of distance 

variation on the system performance was simulated by MAT LAB program 

and the results show the effect of distance variation on the system such as 

on coupling coefficient and mutual inductance which will effect the system 

efficiency. 

Coupling coefficient and mutual inductance have a major effect on 

the system where the weak coupling between two coils leads to a decrease  

the power transmission. So, the distance is an important parameter that 

should be considered when designing a system. 

The system parameters shown in Table 3.6 are designed and chosen 

depend on on the dimension of the  familiar smartphone specification to be 

compatible with them. 
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Table 3.6  Parameters of the smartphone charger proposed 

design. 

 

 

 

 

 

 

 

 

 

 

 

Figures 3.18 and 3.19  show the effect of distance variation on the coupling 

coefficient and mutual inductance. 

 

 

 

 

 

 

 

 

Figure 3.18  Mutual inductance at distance from 20 to 60mm 

 

 

Parameter Value 

TX coil length 200mm 

RX coil length 
185mm 

 

Coils width 60mm 

Coil inductance 

L1 
33 µH 

Coil inductance L2 23 µH 

Resonance frequency 50 to100 KHz 

Number of turns (N1) 12 

Number of turns 

(N2) 
12 

The gap between coils 30 mm 

 
H

µ
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It can be noticed from figure 3.18 the mutual inductance is highly effective 

at the distance from 20 to 60 mm when the distance between two coils of 

the WPT system is increased leading to a decrease in the mutual inductance 

between coils. 

Figure 3.19 explains the effect of the coupling coefficient when the 

distance is changed between 20 to 60 mm and this figure shows that the 

coupling coefficient is increased when the distance is decreased which 

means that there is a nonlinear relation between K and distance.   

 

 

 

 

  

 

 

 

Figure 3.19 Coupling coefficient at distance from 20 to 60mm. 

The summary of figures 3.18 and 3.19 explains the effect of distance 

variation on the system performance, where coupling coefficient and 

mutual inductance can highly affect efficiency and power transmission. 

The increase in distance leads to reducing the mutual inductance and 

coupling coefficient (K) where K is a portion of magnetic flux generated 

by the current in primary coil linked to the secondary coil, where 

increasing the distance mean the magnetic field is reduced and then the 

power transmitted efficiency (PTE) is reduced.  
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3.6 Simulation Results of  WPT for Smartphone charging System 

The parameters that used are the same as in Table 3.6, where in this section 

the frequencies that used are from 50 to 100 KHz  to choose the best 

resonance frequency (Fr) of higher power transmitter efficiency.  

 Where the required results in this thesis are to charge a smartphone battery 

at 10 W with 5V and  2A.  

3.6.1 Simulation Results of  WPT for Smartphone charging System at Fr =50 

KHz 

Figures 3.20 - 3.22 are the signals of voltage and current. These results are 

shown to compare the values with the other frequencies in the next section 

to choose the acceptable frequency and other parameters of the design to 

obtain the required results. 

Figure 3.20 shows the MOSFET current at the primary stage the which is 

equal to 3A. This current then enter to the inverter to convert it to an Ac 

signal. 

 

 

 

 

 

 

Figure 3.20 MOSFET current at Fr= 50 KHz. 

  

Time (s) 
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Figure 3.21 shows the Ac current and voltage at the input stage which are 

the output of inverter at Fr= 50 KHz 

 

 

 

 

 

Figure 3.21 Signals of current and voltage at the primary stage of WPT 

system at  Fr= 50 KHz. 

 Figure 3.22  shows the AC signal of the current and voltage after being 

transmitted to the secondary coil where there is a small change in values 

due to the  losses at the  transmitting operation. 

 

 

 

 

 

 

 

 

Figure 3.22  Signals of current and voltage at the secondary stage of 

WPT system at  Fr= 50 KHz. 

 

Time (s) 

Time (s) 
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3.6.2 Simulation Results of  WPT for Smartphone charging System at Fr 

=60 KHz.  

In this section, the current of the input stage is shown and the current and 

voltage of the primary and secondary stage of the circuit at resonance 

frequency which is equal to  60 KHz are shown in figures 3.23, 3.24 and 

3.25. 

Figure 3.23 can show that the MOSFET current has been decreased to 2.5 

A due to the increase in frequency. 

 

 

 

 

 

 

Figure 3.23 MOSFET  current at Fr=60 KHz. 

 

Time 

(s) 

 

 

 

 

 

 

Figure 3.22  Signals of current and voltage at the primary stage of 

WPT system at  Fr=60 KHz. 

 

 

Time (s) 
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The current and voltage after entering into the inverter are converted into Ac 

signals where the signals in figure 3.22 and the changing in values as the 

frequency increase can be noted. 

Figure 3.23 shows the voltage and current at the receiver stage which are 

the Ac signals before entering the rectifier to be changed over to Dc 

signals.   

 

 

 

 

 

 

Figure 3.23  Signals of current and voltage at the secondary stage of 

WPT system at  Fr= 60 KHz. 

3.6.3 Simulation Results of  WPT for Smartphone charging System at Fr 

=70 KHz. 

 At Fr= 70 KHz can be noticed from figure 3.26 that the MOSFET 

(input)  current becomes Ipick =2.12 A whereas at Fr= 60 KHz  the Ipick=2.5  

which is still decreasing in its value due to the frequency changing . 

 

 

 

 

 

Figure 3.26 MOSFET current at Fr= 70 KHz. 

 

Time (s) 

Time (s) 
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It can be noticed from figure 3.27  that the AC current and voltage at the 

Fr=70 KHz and the changes in values from the primary stage to the 

secondary stage take place as shown in figure 3.28, where this changes in 

values are due to the losses when transmitting from one coil to another  

 

 

 

    

Figure 3.27  Signals of current and voltage at the primary stage of 

WPT system at  Fr=70 KHz. 

.    

 

 

 

 

 

 

 

 

 

 

Figure 3.28   Signals of current and voltage at the secondary stage of WPT 

system at  Fr= 70 KHz. 

 

 

 

 

 

Time (s) 
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3.6.4 Simulation Results of  WPT for Smartphone charging System at Fr 

=80 KHz. 

At a resonance frequency equal to 80 KHz, the MOSFET current signal is 

shown in figure 3.29, and the current and voltage of the transmitter and 

receiving stage are shown in figures 3.30 and 3.31.   

 Figure 4.24 shows the input current is equal to 1.87A from this value  

that the current is decreased as the frequency increased can be seen which 

is considered a nonlinear relationship. 

 

 

 

 

 

 

 

Figure 3.29 MOSFET current at Fr= 80 KHz. 

Figures 3.30  and 3.31 show the AC current and voltage of the system at 

TX side and Rx side, where the voltage is decreased in the secondary side 

and the current increased. This change in values is for obtaining the 

required results.  

 

 

 

 

Time (s) 



62 
 

 

  

 

 

 

Figure 3.30 Signals of current and voltage at the primary stage of 

WPT system at  Fr= 80 KHz. 

  

 

 

  

 

 

Figure 3.31  Signals of current and voltage at the secondary stage of WPT 

system at  Fr=80 KHz. 

3.6.5 Simulation Results of  WPT for Smartphone charging System at Fr 

=100 KHz 

In this section at resonance frequency equal to 100 KHz  the required 

results with an acceptable efficiency compared to other sections are 

obtained. 

 

 

Time (s) 

Time (s) 
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It can be noticed that the current is decreased in value from 3 A at 50 KHz 

to 1.45A at 100 KHz as shown in figure 3.32. This decrease in current leads 

to an increase in the input voltage to compensate for the decreasing in input 

current as shown in Table 3.7. 

 

 

 

Figure 3. 32 MOSFET current at Fr=100 KHz. 

It can be noticed from figures 3.33 and 3.34 that the changes in the current 

and voltage values where these changes are due to the frequency and input 

voltage changing 

 

 

  

Figure 3. 33 Signals of current and voltage at the primary stage of 

WPT system at  Fr= 100 KHz. 

Time (s) 

Time (s) 
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. 

Figure 3.34 Signals of current and voltage at the secondary stage of 

WPT system at  Fr= 100 KHz. 

 

3.7  Results for Charging Smartphone Battery at Fr=100KHz..  

 

The required results for this study is to obtain a 10W with 5V, 2A at the 

output for each frequency with acceptable efficiency and the results  

obtained are shown in the figures 3.36 and 3.37. The output current (load 

current)  is DC signal equal to 2A and the output voltage(load voltage)  is 

DC signal equal to 5V then the result is to get power equal to 10W. 

  

 

 

 

 

 

 

Figure 3. 36 Output Dc Current at  Fr=100 KHz. 

Time (s) 

Time (s) 
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 Figure 3. 37 Output Dc voltage at Fr=100 KHz. 

The results in figures 3.36, 3.37 which are the voltage and current and the 

better results had been reached are at 100 KHz, because the efficiency for 

transmitting power is better and acceptable compared to the other 

frequencies, and the required system design is to get 10W for charging 

smartphone battery at better efficiency as shown in figure 3. 39.  

Table 3.7 shows the results of the input and output current, input and 

output voltage and the input and output power at various frequencies. The 

resonance frequency is from 50 to 100 KHz and the change in power 

transmission at each resonance frequency can be noticed.  

In the end, the results that had been reached is that the better power 

transmission is at 100 KHz compared to other frequencies values from 50-

80 KHz. The efficiency variation of the system is shown and discussed in 

figure 3.33. 

 

 

Time (s) 
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3.8   Results Discussion 

Table 3.7 shows the  obtained results of proposed charging system and it 

can be noticed that changing in resonance frequency effect on the input and 

current sources then the input power also effected. To obtain the required 

results a comparison among 5 frequencies values was used to choose the 

better system performance at the specific frequency. The summarize from 

table 3.7 that the better system performance and efficiency can obtained is 

at frequency equal to 100 KHz.    

 

Table 3.7 Results of the smartphone charging proposed design.  

Frequency 

(KHz) 

Iin 

(rms) 

(A) 

Vin 

(V) 

I out 

(A) 

Vout 

(V) 

Pin 

(W) 

Pout 

(W) 

50 2.12 6.6 2 5 13.99 10 

60 1.76 7.83 2 5 13.81 10 

70 1.49 9.2 2 5 13.708 10 

80 1.3 10.4 2 5 13.52 10 

100 1.02 12.9 2 5 13.185 10 

 

It can be noticed from figure 3.38 the decrease in input current value from 

2.12A at 50 KHz to 1.02A at 100 KHz as the frequency increases where 

this leads to needing to increase the input voltage to compensate for the 

decreasing in current as shown in figure 4.33. The voltage is increased 

from 6.6V at 50 KHz to 12.9V at 100 KHz. 
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Figure 3.38 Input applied current and voltage at 

resonance  frequency changing . 

 

Figure 3.39 clarifies the efficiency at each resonance frequency from 50 to 

100 KHz and the effect of frequency variation on the power transmitter 

efficiency ( PTE) can be noticed. Table 3.7 and figure 3.39 shows that at 

resonance frequency of 100 KHz it is the better choice for designing the 

WPT system for charging smartphones applications where the efficiency is 

equal to 76 %.  

 

 

 

 

 

 

 

 

Figure 3. 39 Efficiency at resonance frequency from 50 to 100 KHz. 
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Figure 3.40 shows the effect of distance on the efficiency, when the 

distance increase the magnetic flux between two coils decrease which lead 

to decrease the mutual coupling between two coils then the power 

transmitted from the primary to the secondary coil is decrease and PTE is 

decrease. 

 

 

 

 

 

 

 

Figure 3. 40 Efficiency at different distances. 
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CHAPTER FOUR 

Conclusions and Future Works 

5.1  Conclusions 

Resonance inductive coupling WPT  system has been designed and 

simulated for charging smartphone applications.  

There are many parameters that have an influence on the system efficiency. 

they are, the distance between coils, coupling factor, turn ratio, and 

resonance frequency. The switch inverter used is MOSFET because its 

suitable for low current and voltage. An appropriate resonance frequency 

and distance had been chosen to achieve the appropriate power transmitter 

efficiency which are 100KHz at 30mm . The design and simulation of the 

smartphone charger had been accomplished by MATLAB program. 

The following are the points that had been reached and summarized in this 

thesis. 

 If the distance between coils decreases, the coupling factor 

increases and the mutual inductance between coils is also 

increased. When the mutual between coils is high, the transmitted 

power between circuits becomes higher. 

 Power transmitter efficiency can be improved when choosing the 

appropriate component values, resonance frequency and the 

physical, because the efficiency of the system depends on the 

closeness of the coils and the resonance frequency used in the 

circuit.    

 MOSFET switch was used because it is suitable for low voltage 

operation. 

 The performance of the Circuit design depends on the parameter 

that has been used such as inductance, turn ratio, compensation 
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circuit, resonance frequency, and the physical building which is 

the distance between coils. 

 

 To charge the battery of smartphones, it need to consider the 

inputs and outputs power, voltage, and current variation because it  

needs a fixed output power. 

 The increase in resonance frequency needs to increase in voltage 

source due to the current value decreasing to still get 10 W in the 

output. 

  FSP occurred when the coupling factor is not at a critical value and 

exceeds this value . 

 

5.2  Future Works  
 

There are many ideas for WPT technology due to the features that can be 

attractive for numerous applications and users from the ease of use to the 

elimination complexity. So, it is important to develop this technique to 

obtain the benefits from it.  

 The following are future works that can added to enhance to envelop 

this study. 

 This study can be practically implemented, but with some 

different parameter values if it is not available in markets. 

  The efficiency can be increased by using 4 coils stages when 

designing the system. 

 To charging more than device at the same time, more coils can 

added on the transmitter device.  
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 Adding a controller circuit to control the output voltage and 

current to be use this design with other applications that needs 

higher or lower voltages and also to be safe for all devices. 
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 الخلاصة
  

اهتمام ومحط من أهم التقنيات  تقنية نقل الطاقة اللاسلكية الآنأصبحت  

الى اخر مستقبل مرسل جهاز  من مبدأ هذه التقنية هو إرسال الطاقةحيث أن العلماء. 

التي تم استخدامها هو  WPTنوع تقنية إن  .دون اتصال فيزيائي بين الجهازين

 التقليدية. نقل الطاقةنها مقارنة بتقنيات وأم لهاعم، نظرًا لسهولة  الحثيالاقتران 

لاسلكي ليكون قادرًا على نقل الطاقة أو  تصميم نظامهو  الهدف من هذه الدراسة   

تقنية نقل الطاقة باستخدام 10W ( (5V, 2A بقدرة مقدارهاشحن الهواتف الذكية 

  .اللاسلكي بالاعتماد على ظاهرة الرنين

 الاتي: تم تقسيم العمل بالشكل

بواسطة  WPT في نظام  ظاهرة تقسيم التردد تصميم نظام لتوضيح  تم ،أولا 

كانت كلما  حيث . تأثير عامل الاقتران على النظام توضيححيث تم  ADSبرنامج 

للترددات  قيمة التردد أعلى يكون تأثير انقسام التردد عند قيمة أقل من عامل الاقتران

 .الأقل

 بواسطة الحديثة نقل الطاقة اللاسلكي لشحن الهواتف الذكيةم تم تصميم نظا ،ثانياً 

الاعتبار بعض العوامل التي لها تأثير حيث تم الأخذ بنظر  MATLABبرنامج 

مدى الترددات إن و وعامل الاقتران وتردد الرنين على كفاءة النظام مثل المسافة

وبعدها تم مناقشة النتائج عند كل تردد   KHz 100-50 التي تم استخدامها هو

دائرة شحن بطارية  انتم الاستنتاج  ها من أجل أختيار التردد المناسب.والمقارنة بين

 عند تردد الرنين  تكون في أفضل مستويات أدائهاالهواتف الذكية التي تم تصميمها 

100 KHz 30  ساوي حيث كانت كفاءة النظام عندما كانت المسافة بين الجهازين ت 

mm% 50 التردد عند في حين  76تساوي KHz  30و مسافة mm   كفاءة كانت

 . 71%تساوي نظام ال



 

 

  

 شكر وتقدير

لمشرفي الأستاذ الدكتور أوس زهير والامتنان  جزيل الشكر أقدمأود ان 

     تشجيعه المستمر لي طوال فترة البحثو المفيدة يونس على توجيهاته

 دير له كل الاحترام والتق

لكل أساتذتي في قسم هندسة الالكترونيك على دعمهم أتقدم بالشكر 

 .المستمرة، فلهم مني كل التقدير ومساعدتهم

لأبي وأمي وزوجي على دعمهم  وحبي عن خالص تقديري أعبرأود أن 

 طوال فترة دراستي العليا  لي وتشجيعهم

حث ولو أخيرا، أقدم شكري لكل من كان له الفضل علي خلال مرحلة الب

 بمساعدة أونصيحة او دعاء 

  عن خالص تقديري واحترامي أعبراليهم جميعا 

 

 

 

 

 

 

 

 

 

 

 



 

 

 إقرار المشرف
 

 ةالطالب تم اعدادها من قبل( تقنية نقل الطاقة لاسلكيا للأجهزة المحمولة) شهد بأن هذه الرسالة الموسومةن

/ كلية هندسة الالكترونيات / جامعة نينوى،  الالكترونيكقسم هندسة  فيتحت اشرافنا  (ريم عماد نافع)

 .الالكترونيكهندسة في اختصاص /علوم شهادة الماجستيروهي جزء من متطلبات نيل 

 

 

 إقرار المقوم اللغوي

ورد فيها من أخطاء لغوية وتعبيرية  اشهد بأنه قد تمت مراجعة هذه الرسالة من الناحية اللغوية وتصحيح ما

 بسلامة الأسلوب أو صحة التعبير.وبذلك أصبحت الرسالة مؤهلة للمناقشة بقدر تعلق الأمر 

 التوقيع:

 د. محفوظ خلف محمودالاسم: 

   التاريخ:

 إقرار رئيس لجنة الدراسات العليا

 بناءً على التوصيات المقدمة من قبل المشرف والمقوم اللغوي أرشح هذه الرسالة للمناقشة.

 التوقيع: 

 س ذنون نجميأ.د. ق الاسم:

    التاريخ:

 إقرار رئيس القسم

بناءً على التوصيات المقدمة من قبل المشرف والمقوم اللغوي ورئيس لجنة الدراسات العليا أرشح هذه 

 الرسالة للمناقشة.

 التوقيع: 

 س ذنون نجميأ.د. ق الاسم:

 التاريخ:

 

 

    التوقيع:

 . أوس زهير يونس  أ.م.د الاسم:

   التاريخ:



 

 

 قرار لجنة المناقشةإ

تقنية نقل الطاقة لاسلكيا ) نشهد بأننا أعضاء لجنة التقويم والمناقشة قد اطلعنا على هذه الرسالة الموسومة

              في محتوياتها وفيما له علاقة بها بتاريخ (ريم عماد نافع ) ةوناقشنا الطالب( للأجهزة المحمولة 

 .الالكترونيكهندسة في اختصاص  علوم/نيل شهادة الماجستيربة جدير اقد وجدناهو

 التوقيع:

 أحمد ذنون يونس  أ.م.د. اللجنة: رئيس

    :التاريخ

 التوقيع:

 محمد سلامةم.د. احمد .أ عضو اللجنة:

  :التاريخ

 
      التوقيع:

 م.د. محمد ناطق عبد القادر :اللجنة عضو

    :التاريخ

 

 التوقيع:

أوس زهير أ.م.د  :)المشرف( عضو اللجنة

  يونس 

    :التاريخ

 التوقيع:

  أوس زهير يونس أ.م.د  :)المشرف( عضو اللجنة

    :التاريخ

 

 

 قرار مجلس الكليةا

 بتاريخ:    المنعقدة     ..…………بجلسته  هندسة الالكترونياتاجتمع مجلس كلية  

 الالكترونيكهندسة علوم في اختصاص  شهادة الماجستير ةمنح الطالب المجلس وقرر

 

 أ.م.د. ضياء محمد علي :مجلسالمقرر 

     التاريخ:

 د. خالد خليل محمدأ. رئيس مجلس الكلية:

     التاريخ:

 

 

  



 

 

 

 وزارة التعليم العالي والبحث العلمي 

 جامعة نينوى

 كلية هندسة الالكترونيات 

 قسم هندسة الالكترونيك 

  

 

 المحمولةللأجهزة  لاسلكيانقل الطاقة  تقنية

 رسالة تقدمت بها 

 نافع قريشاتريم عماد 

 

 

 

  

 

 هندسة الألكترونيك

 بإشراف

 أ.م.د.أوس زهير يونس الاشقر
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 الى

 مجلس كلية هندسة الالكترونيات

 جامعة نينوى

 متطلبات نيل شهادة الماجستير كجزء من

 في

 هندسة الالكترونيك

 



 

 

 

  



 

 

 وزارة التعليم العالي والبحث العلمي 

 جامعة نينوى

 كلية هندسة الالكترونيات 

 قسم هندسة الالكترونيك 

  

 

 المحمولةللأجهزة  لاسلكيانقل الطاقة  تقنية

 ريم عماد نافع قريشات

 
 

  

 

 

 

 ترونيكهندسة الألك
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 رسالة ماجستير

 في

 هندسة الألكترونيك

 بإشراف

 أ.م.د.أوس زهير يونس الاشقر

 

 

 

 


