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This research™s objective was to implement a metamaterial-assisted wireless
power transfer (WPT) system. A low magnetic loss metamaterial was proposed by introducing a
multi-ring resonator that has a low magnetic loss. The implemented design achieved a measured RF-RF
WPT efficiency of more than 51% when the receiver (RX) was mounted inside the chicken breast at 9
mm depth. The size of the RX was 50% smaller than the most compact design reported in the
literature.
A rectifier without any additional matching circuit on the RX substrate"s back side was proposed,
achieving an overall RF-dc efficiency of 40%. Moreover, this system works within the international
standardized Bower limits defined by the IEEE.
The work has been published in well-established journals as well as recognized international
conferences, including the world"s leading international microwave symposium.
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The aging society and the spread of chronic diseases require new technologies to
promote health care. Using sensors for health monitoring is one solution for such a
purpose. However, in-body sensors require a source of power where cables cannot be
imagined as the source of this power. Another solution is using batteries, which have
several limitations, including the need for replacement and the danger associated with
their chemical composition that poses several threats to the body in case of leakage.
Instead, this work proposes wireless power transfer (WPT) technology to deliver the
power wirelessly to the implanted sensor. This leads to several advantages, including the
compactness of the implant and the elimination of the need for any auxiliary surgery to
replace the implant. Also, this contributes to the relaxation of the economic burden on the
patient by avoiding multiple surgeries and reducing governmental spending on health
insurance.

Metamaterial, an electromagnetically engineered material, can alter the propagation
features of the fields by designing their negative or near-zero permeability or permittivity.
In the case of WPT systems, metamaterial-based ones suffer from reduced efficiency
when used to charge biomedical implants due to the reduced quality (Q) factor of
inductors by the human body introduced dielectric/conduction losses. In this work, we

proposed a low-loss magnetic metamaterial to improve WPT system performance.

2. WO H
This project aims to realize a metamaterial-assisted wireless power transfer (WPT)

system with a high-efficiency and compact receiver. The proposed metamaterial is
stacked in a three-dimensional configuration and is attached to the WPT transmitter (TX),
forming a novel meta-TX. To achieve low magnetic loss, each cell of this metamaterial is
formed from a multiple-ring resonator for the first time. The implemented WPT system
is also safe when used in biological tissue and is expected to eliminate the use of batteries

for on-body sensor applications.

3. WHED Sk

1) A new metamaterial unit cell using a multi-ring resonator (MRR) was proposed and
studied to confirm its permeability (1) performance. It has been proved that the
proposed MRR-based unit cell has near zero properties (real(uz) <1 and
Imaginary(puz) = 0).

2) The MRR unit cell is used in a stacked configuration as the WPT transmitter, which
feeds power to a receiver placed 9 mm deep into the chicken breast to emulate the
body.

3) Finally, a novel rectifier was proposed without an additional matching circuit by
employing the enhanced coupling characteristics resulting from the proposed

metamaterial.
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An MRR metamaterial-based WPT system was proposed and implemented, as shown in Fig. 1.
When compared with a split-ring resonator (SRR), a 50 MHz WPT system employing an MRR
resonator metamaterial achieves a better efficiency performance, as shown in Fig. 2 whatever the

size of the receiver.
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Fig. 3 The WPT receiver’s backside when the Fig. 4. Overall RF-dc efficiency of the system

rectifier is attached. when the input power varies.

In addition, to regulate the RF power into a usable dc, a voltage doubler rectifier is integrated on
the back side of the receiver substrate without any additional matching circuit, as shown in Fig.
3. This added to the miniaturization of the receiver as its overall size was not altered. Finally, the
system is fabricated and characterized where the overall efficiency achieved up to 41% when
the receiver was embedded inside a chicken breast at a 9 mm distance. This WPT system
operated within the internationally standardized specific absorption rate when the input

power was < 21 dBm.
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