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Abstract
In this paper, we present an inductive coupling realization within the on-site wireless power
generation paradigm. The receiver completes the feedback of the oscillating system and the
system automatically adjusts itself to the optimal working condition. As a result, robust operation is achieved under variations of coupling coefficient, load resistance, and the secondary
resonant frequency. Simulations are performed to validate the robust operations.
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Introduction

Wireless power transfer (WPT) is a fast growing and highly commercially oriented technology. It
has been already used in some commercial products, such as wireless chargers of smartphones,
watches, and electric toothbrushes, and more are expected in the future, such as wireless chargers
of electric vehicles and medical implants. A typical WPT system consists of a high-frequency AC
generator, a transmitting device (Tx), and a receiving device (Rx) that is physically separated from
the transmitter and connected to the load. These three parts are functionally distinct and electrical
energy is transferred from the transmitter to the receiver wirelessly through either magnetic field
coupling (inductive WPT) or electric field coupling (capacitive WPT) [1]. In practical applications,
there are system variations such as changes of the load resistance and changes of coupling due to
misalignments of the receiver. These variations modify the working conditions and reduce the
efficiency of the WPT system. To achieve optimal performance in dynamic operating conditions,
the working frequency of the generator needs to be continuously tuned. Conventional approaches
require additional tuning and control circuits.
Recently, our group proposed the on-site WPT paradigm, in which the system itself can adapt
to the variations and achieve robust performance [2]. This is achieved because the complete WPT
system is designed as a unified self-oscillating circuit, and the receiver load and the wireless link
are parts of the feedback loop. This ensured that the oscillating condition is automatically tuned to
the optimal one under variations in the working conditions. In addition, it has a receiver detection
feature: when the receiver is absent, there is no oscillation and therefore no unwanted exposure and
power losses, and the WPT operation automatically starts when a receiver is present. Capacitive
on-site WPT systems have been experimentally demonstrated as examples [3, 4]. In this paper,
we present an inductive coupling approach to the on-site wireless power generation. The proposed WPT system topology is explained, and simulation results showing robust operation against
variations of the coupling coefficient, load resistance, and the secondary resonant frequency are
presented.
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The proposed oscillator topology

The design procedure of the proposed WPT topology is illustrated in Fig. 1. It is based on proper
modifications of the conventional drain-tuned oscillator [5], and several steps are employed to
realize the desired on-site wireless power generation:
Step 1: Decouple the feedback path of a drain-tuned oscillator by eliminating the coupling
between the drain inductor L1 and the gate inductor L3 [See Fig. 1(a)]. After this step, the feedback
loop is broken and there is no oscillation.
Step 2: Bring a receiver to establish feedback and restore oscillations. The introduced receiver
coil (inductor L2 ) couples with both drain and gate coils with the coupling coefficients k1 and k2 .

In this way, we can make sure that the system starts to oscillate only when a receiver is introduced.
In addition, the oscillations withstand for variable mutual coupling between the coils. This circuit
is firstly simulated to see the efficacy of the proposed approach.
Step 3: Remove the drain capacitor C1 . After the removal of C1 , the system works for a wide
range of secondary resonances (defined by L2 and C2 ). This means that the system can work for
different types of receiver coils and it will tune itself to the overall resonance depending on the
receiver characteristics. Robustness is greatly enhanced.
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Fig. 1: (a) The conventional drain-tuned oscillator, and (b) the proposed on-site wireless power
generation system using a modified drain-tuned oscillator
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Simulation results

In order to study the feasibility of the proposed circuit topology, simulations are carried out using
LTSpice. Changes of the system performance caused by variations of the coupling coefficient, the
load resistance, and the secondary resonance frequency, are investigated. We analyse three performance indicators: the output power, the overall efficiency, and the oscillation frequency. It should
be emphasized that the overall efficiency is defined as the ratio between the output power and the
input power from the DC source. The transistor is biased just below its threshold voltage, therefore, power consumption is very small when the receiver is absent. The values of the components
chosen for the simulations are L1 = 5 µH, L2 = 100 µH, L3 = 50 nH, and C2 = 5 pF.
3.1

Coupling variation

First of all, simulations are performed to show the system performance under variations of the
coupling coefficient between L1 and L2 . There are two coupling parameters: the primary coupling
coefficient k1 and the feedback coupling coefficient k2 . Generally, the primary coupling coefficient
k1 is larger than the feedback coupling coefficient k2 . Therefore, we assume k1 = 2k2 in the
simulations. Variations of the performance parameters against the coupling coefficient are shown
in Fig. 2(a), where we assume three load resistance values. It can be seen that the oscillation
sustains for a wide range of coupling variations and the maximum overall efficiency is around
90%. Generally, the output power increases with the increase of coupling, except for the 50 Ω
load. It is also observed that the oscillation frequency increases with the increase of coupling and
it is interesting to compare it with the high-resonance frequency f+ of conventional WPT schemes
[defined in the inset of Fig. 2(a) and plotted as dotted line].
3.2

Load Variation

Next, performance variation against the load resistance is shown in Fig. 2(b). It is observed that
the output power generally increases with the increase of the load. This is expected because the
circuit is acting as a current source. The oscillation frequency is mostly independent from the load
resistance.
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Fig. 2: Simulation results showing the output power, efficiency, and the oscillation frequency
against variations of the system parameters: (a) coupling coefficient k1 , (b) load resistance RL , and
(c) secondary capacitance C2 .
3.3

Resonance frequency of the receiver

Finally, the resonance frequency of the receiver is varied by changing the value of C2 . The simulation results are shown in Fig. 2(c). It can be seen that oscillations sustain for a wide range of C2 .
This is an interesting and advantageous feature compared with the conventional WPT topologies,
as the conventional WPT devices operate only when the frequency is close to the design frequency
of the system. In addition, the output power and efficiency reaches a stable value in the high-C2
region. The oscillation frequency also reaches a certain minimum value with increased secondary
capacitance. This characteristic exists due to the fact that the oscillation frequency is dominated
by the resonance of the transmitting circuit in which parasitic capacitance of the transistor plays
the key role.
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Conclusions

In this paper, we have presented on-site wireless power generation device based on the inductive
coupling approach. The proposed system shows robust operation because it automatically tunes
itself to the optimal working condition. The design procedure is explained and simulation results
are presented, demonstrating robust operation against variations of the coupling coefficient, the
load resistance, and the secondary resonant frequency.
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