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ABSTRACT- There has been a pressing need for wireless power transfer due to its numerous applications, including
integrated or embedded systems used in various fields, such as sensors and mobile devices, as well as medical devices implanted
inside the human body. Traditional transmission methods have drawbacks in terms of protection and safety when used directly on
the human body, as well as the requirement for continuous operation within the body. Therefore, wireless power transfer methods
have emerged as a safe and reliable alternative, especially for medical implants. Several methods and techniques have been
developed, initially operating on a single frequency. This has since been developed to utilize dual-band or dual-frequency systems,
making them more adaptable to changing environments and enabling simultaneous power transmission and information exchange
between the implant inside the body and the external component of the wireless power transfer system. This article presents an
efficient dual-band wireless power transfer system for use in building multifunctional systems. It also demonstrates the
compatibility between the operating and load circuits. It also features a reduction in energy losses resulting from unwanted mutual
induction caused by the large number of inductive coils, whether on the supply side or the load side, which in turn enhances the
efficiency of energy transfer sent and received by the load circuit located inside the human body, which reached approximately

60%, the values of reflection loss were reduced to a suitable level approaching 0 dB.
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#11. INTRODUCTION

Wireless Power Transfer (WPT) showed great effective in
several devices, including sensors, medical implants, and
mobiles. Medical applications underscore the critical needed for
safe and dependable wireless power to overcome the constraints
associated with implanted batteries. Initially proposed by
Nikola Tesla [1], WPT technology has obedience to the
commands substantial advancements and is presently employed
across a multitude of applications, including electric vehicles
and drones [2-3]. WPT systems are typically categorized into
two distinct types: near-field and far-field, and they impact
technologies such as inductive coupling, magnetic resonance,
and radio frequency (RF)/microwave transmission [4].
International standards have been established for various
frequencies to facilitate contemporary wireless charging,

exemplified by the Wireless Power Consortium (A4WP), which
operates at 6.78 MHz, and the Industrial, Scientific, and Medical
(ISM) standard, which employs 13.56 MHz.

To address this issue, multiband WPT systems have emerged, as
shown in figure 1. These systems allow simultaneous charging
of devices operating at different frequencies, improving
compatibility, efficiency, and safety, while still meeting power
transfer and electromagnetic safety limits. These systems are
used in a variety of applications, including biomedical devices,
telemedicine, wireless sensors, and automotive charging [5].
Many dual-band wireless power transfer (WPT) system designs
have been explored [7-9] to improve efficiency, reduce
crosstalk, and simplify implementation, such as multi-coil
configurations. However, these designs have encountered
problems, including high manufacturing complexity and
frequency mismatches. Although they had issues at higher
frequencies, single-coil, double-resonant designs decreased
coupling. Although they were frequently heavy or unfeasible,
solutions like repeaters and 3D wire structures increased
performance. Nevertheless, single-coil, double-resonant designs
minimized the coupling but were plagued at higher frequencies.
Repeater and 3D wire structures improved performance but
often could be cumbersome or impracticable. This paper
describes a dual-resonant single-coil transceiver using external
discrete coils as matching networks being implemented on an
PCB to enhance compactness and precision. This enables it to
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operate effectively in two frequency bands: 6.78 and 13.56
MHz. This paper describes a part of the design of a dual-
resonant single-coil transceiver that uses an external discrete
coil as matching networks. The key parameters in view that
made the impedance match across the dual bands possible are
the inductances of the external coils and their coupling
coefficients with the internal resonators. The resonant frequency
of choice for the system is set as 6.78 MHz and 13.56 MHz [8].

A dual-band device for efficient wireless power transfer [9-10]
is addressed the challenges of dual-band and single-coil wireless
power transmission systems, including the difficulty of
achieving high power transmission efficiency at both operating
frequencies simultaneously. To address this challenge, the paper
[11] is proposed integrating a repeater into the coil unit [11]. It
helped in balance the efficiency difference between the two
frequencies by improving the low power transfer efficiency at
the lower frequency (6.78 MHz). Simulation results showed that
using a repeater increases the average power transfer coefficient
at both frequencies (6.78 MHz and 13.56 MHz), thus improving
the overall power transmission performance for fast charging in
mobile devices. Study [12] presents a technique for integrating
bidirectional data communication into a wireless power
transmission system using a single-coil and dual-resonant
architecture simultaneously. The researchers developed a
proposed two-channel transmission model that supports
simultaneous wireless power and information transmission. The
research also demonstrated improved communication
performance under misaligned coils. Simulations and
experiments have confirmed the validity of this approach,
providing a system for transmitting up to 354 watts of power
and 19.2 kilobits per second of data across a one-meter air gap.

The paper [13] presents a dual-band wireless power transfer
(WPT) architecture that operates efficiently at two different
frequencies, enabling compatibility with a wide range of
applications, from high-power systems (100 kHz) to compact,
misalignment-tolerant systems (13.56 MHz). A reconfigurable
dual-band rectifier is implemented on the receiver side,
achieving high power density (400 W/in®) and operating
effectively at both frequencies with a minimal component
count. The system can operate under significant coil
misalignment and varying load conditions. The paper [14]
presents a dual-band wireless power transfer (DWPT) system
capable of delivering more power and supporting higher data
rates than traditional single-band systems, all within the limits
of electromagnetic fields. The paper presents analytical studies
on the effect of source and load inductance on impedance
matching, derives the voltage transfer function, and defines the
conditions for optimal power transfer. The experimental results
confirm power transfer efficiencies of 71% at 6.78 MHz and
56% at 13.56 MHz [14]. A dual-resonant single-coil design
minimizes frequency crosstalk and serves as both a transmitter
and a receiver [15]. The primary design challenge—achieving
impedance matching at two resonant frequencies—is addressed
by adjusting the coupling factor between the source and load, as
well as the dual-band resonator. The main contributions of this
manuscript are the use of transmission-line-based equivalent
models instead of conventional lumped elements to achieve
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dual-resonant operation (6.78 MHz & 13.56 MHz) with reduced
coupling losses and a smaller WPT circuit size.

No wires
—
Input Transmitter ZIIs2 puitg = Receiver
e 5 S Load
power Circuit . Circuit

Transmitter coil Receiver coil

Figure 1. Wireless Power Transfer System Diagram

#: 2. METHODOLOGY

To design and analysis of the operation of a dual-band coil, the
equivalent circuit of the dual-band coil [8] includes an Lumped
Component (LC) branch (a lumped capacitor in series with the
coil) and an LC tank (a lumped capacitor in parallel with a
lumped inductor) by which two resonant frequencies can be
obtained as shown in fig. 2, The LC tank either behaves
inductively when its operating frequency is lower than its
resonant frequency or behaves capacitive when its operating
frequency is higher than its resonant frequency. It indicates that
an LC tank can be considered as an inductor or a capacitor
outside its resonant frequency. Therefore, the lower dual-band
resonant frequency is obtained by combining an LC branch with
the inductive LC tank in series. On the other hand, the higher
dual-band resonant frequency can be obtained by combining an
LC branch with the capacitive LC tank in series [8]. The resonant
frequencies can be expressed as:

1

fr1= 2m (L1 +L2)C1 1
1
fr2 = 2111 (C111C2) 2)

The equivalent impedance of this dual-band coil can be
expressed as;

. 1 , 1
Zin = Zy + oLy + o+ (joly / ) 3)
Where Z, denotes the total parasitic resistance of the coil and

lumped inductor [8], which can be neglected when parasitic
resistance is small.

Coil

L2
a 1L
CT
L2 c2 AC Voltage
Source L1
LC
Branch
Zs =
AC

Figure 2. Dual-Band Coil Driver and its equivalent model [7]

The dual-band coil module for applying to WPT systems is
obtained by combining the presented dual-band coils. This coil
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module is analyzed in detail using two critical concepts: impedance matching [8, 16] and power transmission efficiency (PTE). A
WPT two-port network comprises the power source and power driver at the source end, the rectifier, and receiving loads at the load
end [7-8]. The Thevenin equivalent circuit consists of the power driver and power source; the rectifier and receiving loads are
comparable to a single load. A schematic diagram of a dual-band WPT system is shown in fig. 3(a), which is equivalent to the circuit

model in fig. 3(b).

| L.
| Cs2 Cs1

AC Voltage : L % Vi

Source | |

| |
| + L i
| |

Load
Source =

Figure 3. Dual-Band WPT Two-port Network [7]

The input and total impedance of source and load equivalent models can be expressed as shown:

Zins Z +]stl + + (Ist2|| ) (4)

jwCsy

Zin, =Zp +joli, + o + (oLl —) ®)

jwCpo

The forward transmission coefficient (S21) and the PTE of the Dual-Band WPT two-port model are expressed as follows [8]:

_ 2JZs Vi _ 2Zz5\Tz0rMsy

S0 = g YT L 2rerd, ©)
Neoil = |521|2 (7

Where w;, is the resonance frequency in radians,
r = 7,/7, @®)

Mg, = Zs\r, )

According to figure 4, which shows the flowchart of the design WPT, the first step is to determine the basic specifications, such as
target frequencies (6.78 and 13.56 MHz), delivered power, Tx/Rx geometry, efc. Then design the Lumped/Transmission-line
component and calculate its initial value using the previous equation. After that, simulate the proposed circuit using a suitable
simulation tool, such as Advanced Design System (ADS). The next step includes sweep components for impedance matching and
the calculation of performance parameters, such as Scatter Parameters (SP) and Power Transfer Efficiency. The 3D EM coil
simulation generates a 3D geometry of a dual-band coil module and Tx/Rx with tissue/implant load. Finally, draw the necessary
parameters, such as S21, PTE, delivered power vs. distance/misalignment, and SAR, for safety and regulatory purposes.

Deflpe W.PT Design WPT Compute Bulid TWO._ S-Parameters and _J Optimi ze
Specifications P  Port Circuit [ . . Impedance
System Resonances PTE Simulation .
(frequency, power, geom etry) Model Matchlng
| ) Create 3D Coil Ly EM N Import Tissue Imp!ant andi ng Performance N Finalize
Geometry Simulaton Model (Eirs‘;l?tgg Comparion &Validate Design

Figure 4. Dual-Band WPT Methodology Block Diagram

Website: www.ijeer.forexjournal.co.in An Effective Dual-Band Wireless Power Transfer (WPT) System


http://www.ijeer.forexjournal.co.in/

FOREX International Journal of
Publication Electrical and Electronics Research (IJEER)
Open Access | Rapid and quality publishing Research Article | Volume 13, Issue 4 | Pages 772-783 | e-ISSN: 2347-470X

:#3. THE PROPOSED EQUIVALENT WPT SYSTEM DESIGN

Inductors and capacitors are grouped elements that store energy in static magnetic and electrostatic fields, respectively. These
elements offer wide frequency ranges but are primarily limited by parasitic effects, which can be minimized through careful design
and optimization. Where high frequencies are required in some applications, inductors are made smaller to reduce their intrinsic
capacitance and limit their maximum no-load capacity [17]. In contrast, transmission lines are distributed elements that store energy
in both static magnetic and electrostatic fields, making them an ideal alternative to inductors and capacitors. These lines are designed
as interconnected networks of series-connected inductors and parallel-connected capacitors. Short sections of transmission lines can
mimic the behavior of inductors or capacitors, depending on their length, terminals, and impedance. Larger distributed elements can
store more energy with relatively lower losses, thus increasing their no-load capacity, although modulation limits their size. Multiple
equivalents exist between distributed components, enabling the design of diverse electronic circuits, such as wireless power transfer
devices and filters, by determining the cutoff frequency (also known as the center frequency), the angular frequency, and the quality
factor (Q) as criteria for the quality of these designs [18]. In this research, two cases of assembled components (LC) and their
equivalent transmission lines (TL) were used, as shown in table 1.

Initially, only the drive circuit was designed, as shown in the figure 5, where two models were proposed based on the two cases
above. The component values were calculated using the equations mentioned in the previous section and summarized in table 2 for
the two hybrid assembled components (LC) and transmission lines (TL) models (Model 1 and Model 2). Model 1 replaces the
inductor in the tank section with its corresponding transmission line. Model 2 eliminates certain LC components (L2, Cz) and replaces
them with TL sections, thus simplifying the physical implementation while maintaining performance. Two cases(case 1 and case 2)
are proposed, each with a different inductance ratio (r;) . These models were subsequently tested, and their results were presented
and compared with previous designs [7-8], as shown in the Experimental Results Simulation section. This dual-band coil unit does
not exhibit the unwanted mutual electromagnetic interference typical of multi-coil wireless power transmission systems because it
contains only two coils and distributed elements dependent on the transmission lines, which provide the necessary electromagnetic
power transmission. The inductances grouped within the coil are relatively small. Each inductor has its own axis, which is
perpendicular to the coil axis, allowing mutual coupling between the grouped inductors and the coils to be neglected [8].
Consequently, the total mutual inductance between the two coils is zero. Therefore, two complete power transmission system models
(Model 1 and Model 2), consisting of a driver and a load circuits, were proposed, as shown in figure 6. The values of their respective
components are specified in fable 3. Distributed line elements were used as replacements for bundled elements to reduce internal
coupling losses when more than two coils are present in the wireless power transmission system, and to increase the power received
by the load or implanted device. The effect of impedance matching on the power transmission system was investigated (Case 3 and
Case 4), where Case 3 represents impedance mismatch and Case 4 represents impedance matching. These two cases were tested and
analyzed, as described in the following section.

i Table 1. Lumped and distributed transmission line component equivalent models

Case 1 Case 2
Series Inductor Parallel LC
Zy=xwl fo=xwl
X=a L - b e I
>_(un\_> ¥K=7Fysine
-»> Zy, O -> 8= 90°
9 < 45°

Cs2 Cs1
AC
Ls1
-

(a) - (b) -

(c)

Figure S. The driver circuit models: (a) Lumped Components, (b) Model 1, and (c) Model 2
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i Table 2. Dual-Band Driver Circuit Parameters

Casel Case2 |
Parameter Unit Lumped Modell Model2 Lumped Modell Model2
Components [8] Components [8]

fi1 MHz 6.87 6.87 6.87 6.87 6.87 6.87

fi MHz 13.56 13.56 13.56 13.56 13.56 13.56

Ifr 2 2 2 2 2 2
Ife /Tt 1.33/0.36 1.33/0.36 1.33/0.36 2/0.5 2/0.5 2/0.5

fo MHz 8.83 8.83 8.83 9.588 9.588 9.588

L1 pH 0.564 0.564 0.564 0.564 0.564 0.564

C1 pF 391 391 391 489 489 489

L2 pH 0317 | | - 0282 | | -

C2 pF 1086 1086 |  --—- 987 987 | -
TL1 Zo =50Q Zo =16Q Zo =50Q Z0 =14.5Q

6 =25° 0 =85° 0 =25° 0 =88°
Tl
| W AMA
C,
ZRL
= i1
ZL
Driver Ls1 L Load
Circuit Circuit
=
(a)
TLs TLL ZRL
G Cu1
AC: -
Driver L Li1 Load
Circuit st Circuit
-y

(b)

Figure 6. The proposed transmission line equivalent circuit models for Dual-Band complete WPT system: (@) Model 1 and (b) Model 2

Table 3. Component Value of Dual-Band Complete WPT System

Case3 (Without Matching) Case4 (With Matching)
Parameter Unit |LC Designl [7]| LC Design2 Proposed Proposed | LC Designl | LC Design2 | Proposed Proposed
[8] Modell Model2 71 [9] Modell Model2
rl MHz 6.87 6.87 6.87 6.87 6.87 6.87 6.87 6.87
fi2 MHz 13.56 13.56 13.56 13.56 13.56 13.56 13.56 13.56
I'fr f 2 2 2 2 2 2 2
Ife /Tt 2/0.5 2/0.5 2/0.5 2/0.5 2/0.5 2/0.5 2/0.5 2/0.5
fo MHz 9.588 9.588 9.588 9.588 9.588 9.588 9.588 9.588
L1 puH 1 1 1 1 3 2.8 3 3
Cl pF 275.5 260 275.5 275.5 91.9 100 91.9 91.9
L2 puH 0.5 09 | | - 1.5 1.3 | | -
C2 pF 551.1 550 551.1 | - 183.7 205 1837 | -
Ki2 0.18 0.18 0.18 0.18 0.18 0.18 0.18 0.18
TL Zo0 =24Q Zo =30Q Zo =50Q Zo =100
0 =45° 6 =90° 0 =250 0 =90°
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= 4. EXPERIMENTAL SIMULATION RESULTS AND TESTING

4.1. Advance Design System (ADS) Simulation Results

After designing the wireless power transmission models, they had to be tested by simulation using reliable and certified simulation
software. Keysight's Advanced Design System (ADS) software was used according to the standards and specifications listed in table
4. Figure 7 illustrates the simulation steps in ADS for simulating the proposed models and displaying the final result. These steps
included drawing the circuit to be simulated, selecting the desired motor and simulation type, displaying the results, and calculating
the negotiating values that determine the efficiency of the proposed circuit.

Define dual band
coil parameters

) 2
Design Equivanlent

Circuit Model in ADS

Set Simulation Controls (Sweep Type,
Frequency Range, Solver Type)
2
Perform Parameter Sweep
(L, C, Disltemoe, etc.)
L 2
Evaluate S-parameters, PTE
and Impedance Matching
L2
Optimize Matching Network(for
max n_coil) and show results

End Simulation

Figure 7. Flow Chart for ADS Simulation Steps

able 4. ADS Software Parameters

Parameter Value/Description
Solver Type S Parameter Simulation / AC Simulation
Frequency Range 0 MHz - 20 MHz
Mesh Type Adaptive mesh refinement
Boundary Conditions Open (radiation) boundaries
Convergence Criteria AS < 0.001 between iterations
Port Definition Two-port network with matched terminations

4.1.1. Dual Band Driver Circuit

Firstly, it is simulated the Dual-Band driver circuits only, which are showed in figure 3 with its parameters and components value
which are listed in table 2. Figure 8§ shows the return loss values (S11 in dB) and the imaginary part of the input effective impedance
(9) for the different inductance ratio (Case 1 and Case 2) listed in table 2. The simulation results showed agreement between the
previous model and the models proposed in this paper, as expected. The simulation obtained values in table 5 show the superiority
of the two proposed models from previous models and initial agreement with the targeted required.
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Figure 8. The experimental results of the original and proposed models at the driver circuit in both cases (1) and (2): (a) & (c) reflection
coefficient, (b) & (d) Imaginary part of input impedance

‘i Table 5. Experimental Results for Dual-Band WPT Driver Circuit Models

Casel Case 2
Parameter Unit LC Designl1 [7] Proposed Proposed LC Design1 [7] Proposed Modell |Proposed Model2
Modell Model2

fr1 MHz 6.87 6.87 6.87 6.87 6.87 6.87
Si1 at fi dB -41.688 -29.837 -28.336 -45.613 -29.888 -31.960
Zin at fu1 Q 0.016 -3.224 3.83 0.074 -3.205 2.524
Si1 at fr dB -0.434 -0.198 0.088 -0.042 -0.542 -0.660

fro MHz 13.56 13.56 13.56 13.56 13.56 13.56
Zin at fio Q -312.436 -436.562 699.871 -2344.324 341.972 290.167
S at fro dB -61.488 -48.651 -31.513 -67.090 -44.369 -37.462
Zin a fr2 Q -0.027 0.369 2.658 -0.732 -1.399 0.405
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4.1.2. Dual Band complete WPT System

Two dual-band wireless power transmission systems, shown in figure 6 (driver and load circuits together), were also simulated.
figure 9 shows the values of the return loss coefficient (Si; in dB), the imaginary part of the input effective impedance (), the
forward transfer coefficient (S2; in dB), and the PTE value of the coil for the different cases listed in zable 6 (Case 3). The simulation
results show that the power received at the load in the dual-band WPT system is significantly greater than that in the single-band
WPT system. In some cases, such as the two groups, the received power can be maintained at a relatively high level over a wider
range of coupling coefficients. As a result, increasing the coupling coefficient leads to separation, especially at high frequencies.
However, the increased PTE at low frequencies is compensated by the decreased PTE at high frequencies. Therefore, a higher
receive capacity can be achieved by appropriately balancing different effective separation distances in a dual-band WPT system.

To obtain the maximum power transfer efficiency (PTE), it must be matched to equation (11). The above equation confirms
impedance matching for the two-band coil system. A simulation was conducted using the ADS program for all cases. Table 6 (Case
4) presents the simulation results for the original circuit and the two models proposed in this article for a wireless power transfer
system, providing a detailed study of their feasibility and the advantages they offer in reducing unwanted coupling and enabling
relatively small circuits. Figure 10 illustrates the impedance matching achieved in the two models proposed throughout this article.
We observe greater matching and improved results, achieving lower coupling at higher resonant frequencies when the same coil
size and number of turns are used. Impedance matching at lower-resonant-frequency operation requires strong coupling. When using
a lower coil inductance, strong coupling is necessary for impedance matching. If the calculated value of is greater than 1, indicating
a non-physical coupling, the coil unit will never achieve impedance matching at these resonant frequencies.

0 0—
-20— 7107
o 4 —~ i
o % -20—
2 40 w
:
—C‘ - 5 -30
o c
£ -60 S g
Q ©  -404
g | & 40
-80— Prop. Model2 L. 50| Prop. Model2 |
Prop. Model1 Prop. Model1
T LCdesign [7] B LC design [7]
LC design [8
100 — T T " 17 " 7 ™ |Lc|desl‘qm|[8] T -60 LEN I R R L L L L I? [I T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Frequency (MHz) Frequency (MHz)
(a) b)
0.025 3.0E5
1 Prop/Model2l T € 4
7 Prop. Modelt S ]
> o0 ——LCdesign[7] __| (S .
e 0.020 - LCdesign [8] o 085 R
£ ] 3 ]
& ] & ]
~  0.015— Q  1.085
3 1 3 1
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= 0010 32 00
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0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Frequency (MHz) Frequency (MHz)
(c) (d)

Figure 9. The experimental results of the original and proposed models for case (3): (a) Forward Transmission Coefficient, (b) reflection
coefficient, (c) Power Transfer Efficiency & (d) Imaginary part of input impedance
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Figure 10. The experimental results of the original and proposed models for case (4): (a) Forward Transmission Coefficient, (b) reflection
coefficient, (c) Power Transfer Efficiency & (d) Imaginary part of input impedance

Table 6. Experimental Results for Dual-Band Complete WPT System

Case3 (Without Matching) Case4 (With Matching)
Parameter | Unit | LC Designl | LC Design2 | Proposed | Proposed | LC Designl | LC Design2 Modell Model2
[71 [8] Modell Model2 [71 [8]
Sai at dB -22.358 -24.297 -22.507 -22.495 -13.618 -15.1 -15.040 -14.021
Siiat fu dB -39.475 -11.918 -17.702 -17.008 -25.030 -16.13 -7.297 -4.888
Zinat fr Q 0.02 -26.266 -13.002 2.703 0.800 -56.12 -49.638 1.976
PTE at fu % 0.6 0.3 0.6 0.5 43 33 4 5.9
Sorat fo dB -64.738 -71.321 -85,923 -66.515 -105.891 -95.3 -73.344 -121.18
Suat fo dB 0.120 -0.023 -0.101 -0.001 -0.000007 -0.007 -0.002 -0.00016
Zinat fo Q -2225.40 -1374.13 5645.46 1241.65 -16782.87 -1165.2 -4218.76 -16298.62
Sa1 at fio dB -16.491 -17.105 -16.615 -16.541 -8.413 -11.54 -10.072 -8.404
Siiat fio dB 32.717 -15.299 -18.420 -31.263 -15.156 -9.89 -7.599 -14.914
Zinat fro Q -0.086 15.589 12.140 -0.503 -0.135 -1.45 5.174 -0.782
PTE at f % 2.2 1.6 2.2 23 14.5 12.3 14.3 18.2
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4.2. Sodium Adsorption Ratio (SAR) Simulation
Results

To simulate the effect of implant tissue loading, we need to
model how biological tissue (the implant's environment) affects
the WPT system. Given the context, we are likely dealing with
a WPT system for biomedical implants, which operates at two
frequencies (6.87 MHz and 13.56 MHz). The simulation must
account for electromagnetic interactions with lossy, high-
permittivity human tissue, which affects the coil's performance
(resonance frequency, Q factor, and power transfer efficiency)
[19-20]. The SAR (lg, 10g) averaged and checked against
safety limits (Use density p = 1000 kg/m? for tissue, the general
formula of SAR is as follows:

o|E|?
2p

SAR = (10)
Where o represents the conductivity of tissue, £ is the delivered
energy, and p is the mass density. Many tools for simulating
SAR, such as High-Frequency Simulation Software (HFSS), are
available. If SAR is high or the duty cycle is large, perform a
steady-state thermal simulation wusing a couple of
electromagnetic (EM) power deposition terms in the heat
equation to predict the temperature rise. Tissue dielectric
parameters are as follows:

e Skin: & =200-350 @ 13.56 MHz

e Fat: g =10-20

e  Muscle: & = 250400

e Conductivity o increases with frequency; use frequency-
dependent tables.

In this paper, we simulate how the Specific Absorption Rate
(SAR) changes in the human body and head when exposed to a
magnetic field from a medical wireless system operating in the
ISM band (13.56 MHz) with a 1 W input power. A human body
model was created using ANSYS HFSS to simulate realistic
SAR measurements. The receiver coil was placed inside the
human body with a 4mm gap from the transmitting coil, as
shown in figure 11. It shows the SAR distribution within the
head and hand was analyzed by ANSYS HFSS. SAR (Specific
Absorption Rate) is commonly defined as the average energy
absorbed per unit mass of tissue, typically calculated over 1
gram or 10 grams [20-21]. To safeguard consumer health and
safety, international organizations enforce strict standards to
ensure products meet established SAR limits. SAR
measurement has become a critical factor in assessing product
suitability, particularly for medical applications. In this context,
a simulated SAR test was conducted on a man’s right hand and
head, as illustrated in figure /1. The study observed the SAR
distribution for 1 gram of tissue at 13.56 MHz and 0.22 W/kg.
The highest SAR value recorded in the simulation was 0.25
W/kg for one gram of tissue. Notably, the simulated SAR values
were well below the maximum thresholds set by international
standards for 1 gram of tissue.
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Figure 11. Experimental Results of SAR Testing: (a) Head tissue and
(b) Hand tissue

= 5. DISCUSSION

To assess the method's efficiency and effectiveness, the two
proposed models were tested on the transmission circuit only, as
described in the previous paragraph. An integrated wireless
power transmission system consisting of both the transmission
and reception circuits was then constructed. After that, the two
proposed models were tested separately, as shown below. To
determine the extent of interaction between the coupling
coefficient, impedance ratio, and resonant frequency. Different
coil units were used in the original circuit and the two proposed
models, listed in table 3. The simulation results and the
measurement results shown in figure 9 are consistent. The coil
unit with the higher resonant frequency does not require strong
coupling to achieve better coil PTE, as shown in the analytical
results in table 6. Therefore, for a single-band WPT, higher-
resonant-frequency operation has a larger coil PTE than lower-
resonant-frequency operation when identical coils are used, and
the coil separation distance is fixed. This relationship is similar
to that of a dual-band coil unit, as shown in figure 10(c).
However, higher resonant frequency operation has
disadvantages, including reduced PTE due to increase ohmic
losses and a smaller near-field reactive region due to the lower
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wavelength. The architecture and its components were
experimentally validated, demonstrating high efficiency and
flexibility for multi-device WPT scenarios. The model was
developed using the proposed method due to its flexibility, and
the experimental results closely matched the theoretical
predictions. Work is ongoing to improve the design of the data-
receiving circuit.

The proposed system offers several benefits, including reduced
internal coupling losses. Using distributed transmission-line
elements lowers interaction between the two resonant
substructures, as shown in table 7. More stable PTE over
varying coupling distance. Dual-band operation compensates
for a drop in PTE at one band when tissue absorption increases
at the other. The smaller equivalent component size of TL
sections provides the same reactance with higher Q and lower
parasitic at the target frequencies.

At its core, the specific security challenge of a dual-band WPT
system lies in coordinating two fundamentally different
processes (high-power transmission and high-speed data
transmission) within a shared space without introducing new
risks [20]. Therefore, core safety protocols revolve around
intelligent and immediate monitoring and control of the shared
electromagnetic environment, ensuring the system remains
within strict limits of human exposure and seamlessly shuts
down in any failure scenario. Data frequency bandwidth is an
integral part of active safety systems. Its use in biomedical
applications has made the 6.78 and 13.56 MHz frequencies
preferred choices for low-power applications, particularly in
near-frequency applications such as surface implants and
wearable devices [21]. Electromagnetic wave safety is primarily
governed by thermal exposure limits and specific absorption
rate (SAR) restrictions, including requirements to prevent
interference with other medical devices. Regulatory standards
ensure that devices operating at these frequencies remain within
safe and biosafety limits.

i Table 7. Comparison Table of Dual-Band WPT Systems
Characteristics

Reference | Typical PTE | Size/ Coil Complexity
/ Type Form
Standard 50-85% (coil- | Medium Low (Simple LC
Dual-band | to-coil) coils; two branch + LC tank,
LC Coil resonant but sensitive to
[71. structures | parasitics)
Multi- 70-85% multi- | Larger High (Supports
Receiver receiver planar multiple Rx;
Dual-Band array complex coupling
Coils [8] management)
Proposed improved PTE | Compact; Low—Medium
TL-Based (60-87%); TL (Reduced internal
Dual-Band | higher replaces coupling; better
Coil delivered lumped performance in
power over a inductors multi-coil systems
wider coupling
range
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“ 6. CONCLUSION

This article presents an improved wireless power transmission
system model using external inductors with specific inductance
values and capacitors, and distributed segments of equivalent
transmission lines. This system aims to improve the operation of
a dual-band system (6.78 MHz and 13.56 MHz) and reduce
inductive coupling resulting from the use of multiple inductors
within the circuitry of wireless power transmission systems. The
proposed system was tested and validated under various
conditions through simulation and experimental results. The
simulation results demonstrate the superiority of the proposed
power transmission system, achieving high efficiency and
effective compatibility with both desired operating frequencies.
Key benefits include increased power delivery at resonant
frequencies, reduced inductive losses, and improved data
transmission rate. An input loss of 8 dB and a low return loss of
14 dB were achieved. Future development will focus on creating
a system for simultaneously displaying power and data
transmissions and developing a receiver for receiving and
displaying the data. A potential application is a mobile wireless
charging system that also supports payment services. Although
the proposed system demonstrates an improved phase transition
coefficient (PTE) (60%) under strong impedance matching and
high design flexibility, further development is needed. This
includes a practical demonstration of the proposed model,
comparison with previous work to measure PTE improvement,
and statistical analysis and uncertainty estimation to verify
reproducibility.

Nomenclature:

A4WP Alliance for Wireless Power
C Capacitor

fo Center frequency

feer Resonance frequency

ISM Industrial, Scientific, and Medical
j Imaginary part

ki Coupling factor

L/S Load/ Source

La Inductor

Lc Lumped Components

Mg Mutual inductive

PTE Power Transfer Efficiency

r Impedance ratio

R/Z Resistor / Impedance

RF Radio Frequency

TL Transmission Line

Xc Capacitive impedance

XL Inductive impedance

Vs Voltage Source

® Resonance frequency in radian
WPC Wireless Planning & Coordination
WPT Wireless Power Transfer

Zo Characteristic Impedance
Neoil Power Transfer Efficiency
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