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Abstract—The range, efficiency, and size of resonant coils
in an inductive wireless charging system is determined by the
quality factor Q of the resonant coils. The multi-layer selfresonant structure is a new resonant coil technology that has
been demonstrated to have a Q 6× larger than conventional
coils. However, to date, implementations of this structure have
been thick, which limits their practical applications. In this
paper, we explore the relationship between the thickness of a
self-resonant structure and its performance. A computationally
efficient 2-D optimization algorithm is proposed to design thin
resonant structures and illustrate the trade-offs in the design. A
new magnetic core shape is proposed which shapes the magnetic
field lines to be parallel to the conductive layers and reduces
current crowding. Finally, a prototype 3.5 mm thick self-resonant
structure is constructed, which has a measured quality factor
of 560 despite having a diameter of only 6.6 cm; this provides
a 3.03× improvement over the state-of-the-art wireless power
transfer coils in the literature.

I. I NTRODUCTION
Resonant inductive wireless power transfer (WPT) provides
a convenient and safe method for powering and recharging
mobile electronic devices. The effectiveness of WPT is determined by the efficiency and range of the power transfer, which
are limited by the quality factor Q and magnetic coupling
factor k of the resonant coils. As the distance between resonant
coils increases, the magnetic coupling factor decreases, and
therefore increasing Q is essential for increasing the range and
efficiency of WPT [1]. Furthermore, in many mobile electronic
devices it is difficult to remove heat from the resonant coils,
which makes the Q of the coil an important parameter in order
to maintain safe operating temperatures.
The achievable quality factor of resonant coils depends
on the diameter of the coil [2]. So, a figure-of-merit Qd is
proposed in [1], which is the quality factor normalized by
diameter d. Conventional coils, made of solid or litz wire,
have a Qd ranging from from 3 to 28 cm−1 [3]–[8].
In the MHz frequency range, only a small portion of
solid wire can be utilized due to skin effect, and proximity
loss in litz wire at MHz frequencies is very high because
strand diameters are too large compared to the skin depth δ.
Thinner strands would reduce this loss, but are very difficult
to manufacture [9].
The self-resonant structure, described in detail in [1], [10],
overcomes many of the issues associated with conventional
resonant coils. It is an integrated LC resonator constructed
from alternating C-shaped thin conductive layers and washershaped dielectric layers that are stacked into a magnetic core.

This structure can achieve a very high Q because it forces
equal current sharing between many thin layers, has no terminations in the resonant current path, and orients conductive
materials parallel to the magnetic field. In [1], a prototype
of this structure was shown to have a quality factor of 1173
despite having a diameter of only 6.6 cm. The experimental
Qd of the prototype (177 cm−1 ) is more than six times that
of other coils presented in the literature, which demonstrates
the significant performance benefit this technology provides.
The prototype of the self-resonant structure developed in
[1] uses a thick magnetic pot core (16.2 mm), which provides
many performance benefits but also makes it difficult to integrate in mobile electronic devices. First, the thick core shapes
the magnetic field lines to be parallel to the thin conductors,
which minimizes eddy current losses. Next, the effective area
of the magnetic core can be chosen to minimize core loss.
Finally, the thick core shape provides ample space for the
winding, which allows the number of layers to be chosen
based solely on minimizing winding loss, and allows the use
of relatively thick substrates to support the thin foil layer.
Although the thick substrates are useful for handling the thin
conductor layers, they do not contribute to the performance of
the structure and increase the total height of the structure [1].
In this paper, we analyze the relationship between the
height and Q of self-resonant structures (Section II), and
use this analysis to develop a methodology for designing
thin structures. In Section III, we present a 2-dimensional
optimization space which maximizes Q by allocating space
between winding, core, and air space. In Section IV, we
introduce a new magnetic core shape, called the modified
pot core, that shapes the magnetic field lines in a thin selfresonant structure in order to reduce eddy currents. Finally,
in Section V, we use the optimization algorithm, and the
new modified pot core in the design of a thin self-resonant
structure. Experimental results show that the thin structure has
a Q of 560 and Qd of 84.8, which is 3.03× larger than the
current state-of-the-art coils despite having a thickness of only
3.5 mm.
II. T HE C HALLENGE OF H IGH -Q AND T HIN
S ELF -R ESONANT S TRUCTURES
The self-resonant structure, which is introduced in [1], [10],
is a parallel resonator that is constructed from alternating Cshaped thin conductive layers and washer-shaped dielectric
layers that are stacked into a magnetic core (see Fig. 1). A

