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Abstract—In this paper, we present a new design for short 
range wireless power transfer using two compact size H-slot 
resonators. These quasi-lumped element resonators can transfer 
power through electromagnetic resonant coupling with high 
efficiency and compact structures. The proposed design enables 
us to achieve power transfer efficiency of 85% at distance 5 mm. 
The new proposed design has been fabricated and measured to 
operate at 1 GHz. Measurements have shown consistency with 
simulation results and theoretical studies.  

Index Terms—Defected ground structures, coupled 

resonators, quasi-lumped elements, wireless power transfer. 

I. INTRODUCTION 

The technology of wireless power transfer (WPT) has 

attracted a great attention in the last decades for its wide 

potential applications like RFIDs [1], portable electronic 

devices (mobile phones, tablets, etc.) [2], [3], wireless sensors 

[4], [5], and implantable biomedical devices [6], [7]. For long 

term, this will make our lives easy and hassle free. There will be 

no need for non-rechargeable batteries, wires and cords at small 

or large scale. 

The methods of implementation can be categorized into 

three main classes: 1) Electromagnetic induction that can be 
found in the form of magnetic coupling [8], [9]  and capacitive 

coupling  [10], [11]. This method is preferred for short range 

WPT. 2) Electromagnetic resonant coupling using the resonance 

of transmitter and receiver circuits to focus power at a certain 

frequency to achieve high efficiency. This technique can be 

found in mid-range applications [12]. 3) Electromagnetic 

transmission is used for long range power transmission over few 

thousands of meters by using microwave transmissions or laser 

beams [13], [14]. 

Almost all the mentioned techniques in electromagnetic 

induction or resonant coupling have been depended upon 
lumped elements like inductors and capacitors, which have 

some disadvantages: bulky, occupy large area, and high losses; 

however, they are preferred in low frequency applications. 

Other designs have used printed spirals with series or shunt 

surface mounted capacitors to get compact WPT systems that 

are suitable for board-to-board applications and biomedical 

implants, as reported in [15]–[18], but somehow experience low 

efficiency. In [19], [20], the authors have verified that the 

optimal operating frequency for biological media is at the GHz-

range for high power gain and structure miniaturization. We 

intend here to use defected ground structures (DGSs) that 

behave like quasi-lumped LC resonant circuits [21]–[23]. These 

compact structures have good advantages such as small sizes, 

little volume, low losses, and low cost. A comparative study 

between different shapes of DGSs, acting as band rejection at 

the same resonance frequency, has been reported in [24]. The 

study has proved that the H-slot DGS, rather than other shapes, 
has the smallest size and the highest quality factor.  

In this paper, we present a new compact design that can be 

applied to short range WPT systems like board-to-board 

applications, biomedical implants, and electronic portable 

devices. A detailed analysis of a compact H-slot DGS as parallel 

LC resonator is discussed. Comparison between H-slot 

resonator and its equivalent circuit is performed using 

electromagnetic simulator (CST microwave studio) and RF 

circuit simulator (ADS) respectively. An analytic model is 

developed for two coupled H-slot resonators with investigation 

of the coupling performance. For verification, the new proposed 
WPT system has been fabricated and measured.   

II. DESIGN MODEL & SIMULATION 

A. Single H-slot resonator 

The implementation of quasi-lumped elements based on 

DGSs has been discussed in [21]–[23]. These structures have 

been proposed for RF/Microwave applications to implement 

band-pass and band-stop filters with low profiles. As illustrated 

in Fig. 1(a), the solid line between port (P1) and port (P2) 

represents the 50Ω feed line at the top layer of substrate while 

the dashed line represents the H-slot defected in ground plane. 
Fig. 1(b) represents the circuit model of single H-slot resonator. 

 

 

(a) (b) 

Fig. 1. (a) H-slot resonator. (b) Circuit model of H-slot resonator. 



This design is implemented on EM simulator as shown in 

Fig. 2, using the detailed design parameters in Table I, to get 

response of one pole band-stop filter ( f0 = 1.29 GHz and  fc = 

0.94 GHz) where f0 is the pole frequency and fc is the lower 

cutoff frequency at -3dB. This design will be modified later in 

the section of coupled resonators to be suitable for operating 

frequency of 1GHz. 

 

(a) (b) 

Fig. 2. Impelementation of H-slot resonator on CST (a) top layer. (b) 

bottom layer  

TABLE I.  DESIGN PARAMETERS OF H-SLOT RESONATOR  

parameter value parameter value 

L_sub 25 mm L_H 20 mm 

W_sub 25 mm Substrate                        Rogers 4003 (εr = 3.38) 

Wf 2.1 mm thickness 0.813mm 

W_slot 4 mm Metal thickness 35µm 

L_slot 7.5 mm SMD Cap  1pF 

 

A surface mounted capacitor of 1 pF is added to the slot to 

increase its equivalent capacitance without increasing the 

dimensions of structure leading to a compact resonator with 
high quality factor [25]. In order to verify the agreement 

between H-slot resonator and its circuit model in Fig. 1(b), we 

need first to extract the equivalent circuit parameters (LP and CP) 

from the EM simulation results. Following the work in [21], [22] 

and its detailed explanation in [26], we can  extract the values 

of LP and CP using the equations of frequency and element 

transformation from low pass prototype to one pole Butterworth 

band-stop filter as follows 

 

(1) 

 

(2) 

By substituting with the values of f0 = 1.29 GHz and fc = 0.94 

GHz in (1) and (2), we get LP = 8 nH and CP = 1.9 pF. The circuit 

model with calculated values of LP and CP will be simulated. As 

Shown in Fig. 3, we can perceive good agreement between the 

resonator and its circuit model. The proposed resonator can be 

considered as a building block for two coupled resonators that 

can transfer power.  

 

Fig. 3. S parameters of H-slot resonator and its circuit model  

B. Two coupled H-slot resonators 

In the previous section, we presented an analytic design 

method for parallel LC resonant circuit using a compact H-slot 

DGS. In this section, we study the behavior of two coupled H-

slot resonators. First, the single H-slot resonator is modified as 

shown in Fig. 4 with the same dimensions mentioned in Table 

I, where a stub of length S is added to the feed line with length 

Lf. The stub behaves like a series capacitor CS, which is used for 

adjusting the resonant frequency and impedance matching by 

tuning its length. 

 

 

(a) (b) 

 

(c) 

Fig. 4. H-slot resonator with adding stub. (a) top layer. (b) bottom layer 

(c) circuit model of modified H-slot resonator 

Fig. 5(a) shows the proposed design of two coupled H-slot 
resonators which are separated by distance h (mm). Fig. 5(b) 

shows the circuit model of the proposed design. The system of 

the two coupled resonators shown in Fig. 5(a) is implemented 

and simulated using EM simulator with the same design 

parameters in Table I. The stub length S = 11 mm and the 

medium between the coupled resonators is foam with εr = 1.2. 
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(b) 

Fig. 5. Proposed H-slot coupled resonators (a) implementation on EM 

simulator (b) Circuit model of the two coupled resonators 

 

 

(a) 

 

(b) 

Fig. 6. S parameters of the two H-slot coupled resonators with variable in-

between distance h (a) S21. (b) S11 
 

By changing the distance between the two resonators, we 
notice the change of coupling coefficient K from high values at 

short distances (mutual coupling is strong) to low values at long 

distances (mutual coupling is weak). At short distances, the 

coupling is strong enough to make each resonator affects the 

other one and splitting of resonant frequency is occurred such 

that two peaks appear around the central frequency fs. These two 

peaks are called electric and magnetic walls fe and fm. This 

phenomenon of splitting has been studied in detail in [27] and  

the coupling coefficient can be defined as 

 

(3) 

Where K is the coupling coefficient, LP is the self-inductance, 

and Lm is the mutual inductance between inductors.  

Fig. 6 explains how the change in distance h affects the 

coupling coefficient K and so the power that can be transferred 

from transmitter to receiver. As illustrated in Fig. 6, a maximum 

power transfer with insertion loss S21 = -0.54 dB is achieved at 

central frequency fs = 1 GHz and a separation distance h = 5 mm.   

 

(a) 

 

(b) 

Fig. 7. Circuit model of the two H-slot coupled resonators (a) 

Implementation on circuit simulator. (b) Comparison between circuit and 

EM simulation results of the S parameters 

At any frequency f < f0, the parallel resonant circuit LP CP 

behaves as inductor Leq where 

 

(4) 

So, the equivalent circuit of each resonator will be Leq in series 

with CS. the value of CS can easily be calculated from 

 

(5) 

By substituting with values of f0 = 1.29 GHz, fc = 0.94 GHz, and 

fs = 1 GHz in (4)-(5) we get CS = 1.5 pF. The circuit model is 



implemented as shown in Fig. 7(a). As illustrated in Fig. 7(b), 

good agreement between the results of EM and circuit 

simulations. 

III. MISALIGNMENT STUDY 

One of the most critical factors that affect the efficiency of 

WPT systems is the misalignment between TX and RX. 

Misalignment has been investigated by fixing the TX resonator 

and shift the RX resonator for the proposed structure, shown in 

Fig. 5(a). It can be inferred from the EM simulation results in 

Table II that normal decay occurred in the efficiency as the RX 

is shifted away from the TX in X and Y directions. A remarkable 
decay occurred in X shift especially at shift of 6 mm, that is 

equal to half of (L_slot + W_slot), where position of maximum 

magnetic field of TX faces position of minimum magnetic field 

of RX and so no coupling happened.    

TABLE II.    MISALIGNMENT INVESTIGATION  

 

IV. FABRICATION AND MEASURMENTS  

The new proposed design for short range WPT was 

fabricated with the same design parameters in Table I, distance 

between the two resonators h = 5 mm, and material in between 

is foam as shown in Fig. 8(a). Fig. 8(b) shows the measurement 

setup for the fabricated WPT system using a network analyzer 

(Agilent N5227A) after making full two-port calibration. Fig. 

8(c) shows the simulated and measured responses of the 

proposed WPT system. It is noticed that good agreement 

between predicted EM simulation and carried out 
measurements. The measured response has S21 = -0.73 dB and 

S11 = -23 dB at a central frequency of 1GHz with bandwidth of 

200MHz. Wide bandwidth is a good advantage to ingest the 

output frequency deviations from non-perfect commercial 

oscillators. The efficiency of power transfer is defined as the 

ratio of output power at port2 (RX) to the input power at port1 

(TX). Fig. 9 shows the measured and simulated efficiency of the 

new WPT system at different separations h. It is easily noticed 

that maximum measured efficiency of 85% can be achieved at 

distance h = 5 mm. 

  

(a) (b) 

 

(c) 

Fig. 8. Fabrication and experimental measurements of the WPT system (a) 

Fabrication. (b) Measurements setup using network analyzer. (c) Simulated 

and measured S parameters 

The power handling capability is limited by heating caused 

by conductor and dielectric losses. The used substrate RO4003, 

with thermal conductivity of 0.65 and loss tangent of 0.0027, 
has been tested over free software MWI to calculate the 

temperature rise per RF power and was found 0.18 Cº/W. our 

proposed structure can be used for low or medium power 

applications. Modifications for the structure like increasing 

metal thickness can be made in order to be suitable for high 

power applications. 

 

 

Fig. 9. Simulated and measured Efficiency for the new WPT system vs. the 

distance h. 

S hif t  (m m ) s hif t  in  X d ire c t io n s hif t  in  Y  d ire c t io n

0 89 89

2 89 88

4 59 88

6 0 86

8 46 82

10 79 74

12 82 62

14 75 45

16 52 28

18 22 14

20 5 5

22 0 1

24 0 1

Power Transfer Efficiency (% )



V. CONCLUSION 

In this paper, a novel structure for short range WPT has been 

presented. This structure is composed of two compact size H-

slot resonators that can transfer power, with a good efficiency 

of 85% at short distance 5 mm, using electromagnetic resonant 

coupling. This structure is suitable for small size appliances like 

board-to-board applications, biomedical implants, and charging 
personal portable devices. Analytic models for single and 

coupled resonators were developed and implemented on EM 

and circuit simulator to verify the design theory. Good 

agreement between predicted and measured results has been 

achieved. 
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