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研究成果の概要（和文）：本研究の目的は、メタマテリアル支援された無線給電システムを実装する。それで
は、低損失マルチリング共振器を導入し、低磁性損失メタマテリアルを提案しました。実装した設計は、受信器
を鶏の胸肉の内側に9 mmの深さで取り付けた場合、伝送効率が５１％を達成しました。それに、受信機の大きさ
は、最新投稿された最小の受信器に比較して５０％でした。そして、受信器の裏側を付いたマッチング回路無し
整流器を提案し、総合効率を４０％達成しました。さらに、実装システムは、IEEEによる定義された国際標準化
された電力制限内で動作します。

研究成果の概要（英文）：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 power 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.

研究分野：電気電子工学

キーワード： metamaterial　wireless power supply　low magnetic loss　rectifier　メタマテリアル　無線給電シ
ステム　低損失　整流器
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研究成果の学術的意義や社会的意義
本研究では、小型の埋め込みセンサーを動作するために、高効率無線給電システムを実現できるように、低損失
の新型メタマテリアルを提案する。 このメタマテリアル支援された無線給電システムは、高性能をだけでな
く、悪電磁影響の国際標準制限内で鶏組織内での使用の適用可能性を証明しました。このようなシステムは、次
世代の生体インプラント及びセンサーの使用しやすいに向け、社会の大きな関心となっています。将来にてこの
技術は慢性疾患患者ばかりかお年寄りの生活にも役立つと思っております。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

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．研究の目的 

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．研究の方法 

1) A new metamaterial unit cell using a multi-ring resonator (MRR) was proposed and 

studied to confirm its permeability (μ) performance. It has been proved that the 

proposed MRR-based unit cell has near zero properties (real(μz) <1 and 

Imaginary(μz) ≈ 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.  

 

 



４．研究成果 

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. 

  

Fig. 1. Configuration of the MRR metamaterial-

based WPT system with the receiver embedded 

into the tissue. 

Fig. 2. Electromagnetic Simulated efficiency 

performance compassion of WPT systems using 

SRR and MRR metamaterial. 

 
 

Fig. 3 The WPT receiver’s backside when the 

rectifier is attached. 

Fig. 4. Overall RF-dc efficiency of the system 

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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