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研究成果の概要（和文）：周期構造を利用したマイクロ波メタマテリアルの開発および応用化研究を推進した. CRLH理
論に基づき,マイクロ波メタマテリアルを実現する各種の新たな概念を提案した. また, 数値解析技術および媒質評価
技術をまとめ開発ツールとして整備した. 同時に, マイクロ波帯においてデバイス・回路・アンテナ等への応用を開拓
した. さらに, これら概念をテラヘルツ波・光波領域へ展開した.

研究成果の概要（英文）：Potentials of periodic metamaterials and their microwave applications are 
explored. Based on the CRLH theory, novel concepts for microwave metamaterials designs and 
implementations are presented. Simulation and evaluation techniques for periodic metamaterials are also 
newly developed. Possible microwave applications for devices, circuits, and antennas are presented in 
microwave frequency regions. In addition, the concepts are exported to Terahertz and optical wave 
regions.

研究分野：マイクロ波工学

キーワード： メタマテリアル　マイクロ波　周期構造

  ２版
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á1  �ǽǁǷåCRLHóǱyb� (Ɲƒ
?, 2004). 

ȬȫƠƬȒòęº0ǊŐ 
� ȚŴƙ�ƢŴƙ/Ę�ƽÕ�#%É�ƻô
DÛŘƙ/Ȍ¹!A�,+ƽÕȏD½ĝ�, 
°ĻDƑ�",<ǯ0ûÄǩȚƉ,ǯ0û
ÄǿƢƉ,DÖŎ/ûƋ!Aŉ%.ĊįƸ
x\ua~F�0ũĮŷ�ľŢ�B*�A. 
Ɲƒ1, �0ț°Ļå0ĊįƸx\ua~F
�0ȒƘǈ0��,�*ȦōŘ�?łC@, 
�BD CRLH (composite right/left-handed; Ó
į/ĊįƸǘÕ) ƍǭ,�*�ǍÆ�øĮ�
#%. �ǽǁǷDç,!A CRLHx\ua~
F�(á 1)1, ęŎ�ż+�'%¶Á~�R
°Ļß(SRR)Ʊ0É�ƻôÉ�0°ȥD¼Ƒ
�%°Ļå0<0/ų6*řǱƙ/ēĎæ
�(�ŀñ.ƇĦ�Ĝ?BA,��Ƈğ�
�A. 8%, àǷƙįŷ/>@É�ƻô0°
ȥ=ǚƻȓ0ƽÕDƷĔǎ�yb�Æ�ù
ȏƙ/Ï@İ���+�A%;, >@ȤĔ.
x\ua~F�Ǣǟ�Ñǋ+�A. �0%;
CRLH ƍǭ1, Ƌäöǔƙ09.?"ĉöƙ
/<ĥȁ/ŘĚ�Ȥ8@((�@�ƕƙ/
<ŏÌ�((�A.  
� �B8+ûƋ�B*�ACRLHx\ua~
F�1, ĐȜàǷo�ZXƱ+ûƋ+�A 1
Ű«�>3 2Ű«ũȂ0<0�7,E-+�
A. UnŸȑHx�W�R=¥Ô�ȚÂ�ǽ
.-0ŉǛģƑDȒĶ!A�+ŧ;*ȍǚ
.Ǭȟ+�@Ƌä�ƕƙ/<ȒƘƯ��Ƃ
Æ�*�A 3Ű«ĊįƸx\ua~F�.-
50ăȒ�ĥ�B*�A. �0%;/1x\
ua~F�Dİ��,0+�AïǛŬ.Ņ
¨ǟƳįŷ0ȒƘ= Ǘo�ZX0ȒƘ.
-�Ǭȟ+�A. 
� 8%, ǼđuHQ�ŸĎD�Ġ,�%ȚŸ
Ȟæ/��*, Ȁ¥�>3țȀ¥0Ű��Ț
ŸģƑVXaw�ťǠ�B*�A. �B?0
VXaw/1, É�+ǘŅ0ůǋDĹ(�,
=, ƈŶ/ģ *³ũĮÑǋ,.Aůǋ.-, 
ěś+1ġǚ,�B.�'%ůǋ=Ħǋ�
ǚŵ�B*�A. �B?0ǚŵDƁǶ!AP
�T�t�f�c,�*, CRLH óǱ0Ĺ(
ƇƗĦD¼Ƒ�%biHX�Źƛ�B*�
@ , $0ûƑÆ�ŘĚ�B*�A . ��� , 
Ƌƈ+1, ľŢ�B*�A CRLHóǱ07,
E-�ŋõ0o�ZX+ Ǘ�Ñǋ.Éƹ
.ĐȜàǷũĮ0<0+�@, ûƑVXaw
Ų0ǚŵDƁǶ!A�ŀñĦ=ēĎæĦ, ā
å�îůǋĦDƏ�!ũȂi~K�V|�1
7,E-.�0�Ƌƈ+�A. 8%, țÑǾ
Ħ.-Œ/ȄE&ƇĦDƫŧƙ/¼Ƒ�%
<0<7,E-.�. �?/�B?DûƋ!
A%;0óǱǢǟįŷ, Ǧ �ǥ¢įŷ, �
>3Vv{��V|�ıŷ<, �B8+1§
»/ûƋ�B*�A09+�@�Ǎƙ.<
01.�.  
� CRLH ƍǭ1àǷǢǟ/ǜÝĦ0Ȥ�uH
Q�ŸȞæ/��*ŏÌ�ȄE+�A<0
0, a}p�`Ď=­ŸȞæ/��*17,
E-ŏÌ�*�.�. �B1řǱƙ/1�0
ƍǭ0ȕƕ/>A<0+1.�, �0Ȟæ/

��AàǷǢǟ/þ!AŇÆ0Ȇ�/>A
<0,Ǉ�?BA. �Ŋ+a}p�`Ď=­
ŸȞæ+1ŀñ0�ž=ēĎæÆ�·/ŗ
8B*�@, �0ĪÜ+ CRLHƍǭ��0Ȟ
æ+ăȒ�BB2H�jQc=ŸÌÄş1
ŧ;*ï��,Ǉ�?BA.  
 
ȭȫƠƬ0ƛƙ 
� řǟƔƠƬ+1Ɲƒ0ľŢ!ACRLHƍǭ
Dǹ,�*, (1) x\ua~F�0îīĦD
Ə��%Ƹƾƙ.ŉǛx\ua~F�ũȂ
ľŢ, �>3(2) Ű��ģƑVXaw0P�
T�t�f�c,.AbiHXģƑÆƠƬ
DǓ�,°/, (3) CRLHƍǭ0a}p�`Ÿ
Ď�>3­ŸȞæ50ăȒDǦ9A. �¤1
uHQ�ŸȞæ/��*î�0CRLHóǱũ
ȂDľŢ!A,°/, $0ƇĦǥ¢ŷDľŢ
�*�%Ōř+¬Ȣƙ.ƠƬǈ+�A. ÷Ȏ
1 90 đ�>@ŖȕČ¶ŎȓȞæ(FDTD)ŷ/
>AȚƢƕVv{��V|�Dį�� , 
CRLH óǱDÙ:ƗŊĦ¶ńóǱ0ïǛŬŅ
¨ǞŞŷ=biHXyb~�R0įŷDơ
ƭ�*�A. 8%, è�, �ƒ1 CRLH x\
ua~F�0ıǔDǹ/uHQ�ŸȞæ/
��AbiHXģƑD¬Ǔ�*ƠƬDȄ;
*�A.  
 
ȮȫƠƬ0Ŋŷ 
� ƠƬ1, ¿ǡ0 3 (0ƛū/þ�*��0
Ŋŷ+Ǔ'%.  
(1) ŉǛx\ua~F�0ƍǭ,ũȂ0ȒƘ 
� Ɲƒ1 CRLHƍǭD«/ 1Ű«�? 3Ű«
8+0ŉǛũȂDľŢ�, ũȂ,¶ńƇĦ�
>3H�l�]�X0çř�ǽƇĦ,0Ȕ
£0Ƹƾƙ.ǢǟıǔDȒƘ!A. ÷Ȏ1Ņ
¨ǟƳȸVv{��V|�ıŷDç/ïǛŬ
ÛŘũȂDÏ@İ��,0+�Ax\ua
~F�Vv{��\DȒƘ!A. �¤1, U
�o�0Ǧ DȄ;A,,</, ŚňùŅƀ
ùıǔDç/, uHQ�ŸĎ/��AȤƷĔ
.ûÄǩȚƉ�>3ûÄǿƢƉ0ǥ¢VX
awDũƵ!A. �B?DƼ9ÕC#A�,
+, óǱǢǟ�>3ŔȇÆDǓ�,°/, 3Ű
«ĊįƸóǱDûƋ�, $0Å Dûȣƙ/
ťǤ!A. 8%, ǯĂĳƉ��YDǢǟ�U
nŸȑǞªD��.�X�j���YÅ 
DŅ¨ƙ/ťǠ!A. Ĝ?B%ĮşD, ț°



 
 

á2  ȒƘ�%ĊįƸx\ua~F�ũȂ0
¡. (A/B: ĊįƸĀŸƴ, C/D: ]�q�åĊį
ƸóǱ, E/F: ȐĄj\��DĹ(ǩȚ�ŠåĊ
įƸóǱ, G/H/I: u_V{��wåĊįƸó
Ǳ, J/K: bG}_QT��x\ǕȜ, L/M: ǩȚ
�°Ļß/>AĊįƸóǱ, N/O: 3Ű«ĊįƸ
óǱ) 

Ļåx\ua~F�0óǱǢǟıǔ, Vv{
��V|�ıǔ,  Ǘıǔ, ƀùǥ¢ıǔ,
�*øĮ!A. 8%, Ȅļ/ģ *ȇúŉ%
.x\ua~F�0ȒƘDǓ�, Ǧ ȸûȣ
/>@$0Å DťǤ!A.  
 
(2) biHXģƑÆƠƬ 
� è�1, ȒƘ�%ƫąåĊįƸx\ua~
F�ũȂDç/, PCB o~�cçŝ= LTCC
ıǔDƑ�*ûǖÑǋ.u�^i�dǢǟ
DťǠ!A. ģƑ�ȍǚ,.A�Hz�ȓ0
ƽÕ=, ƄĮȅƩ/��AÎǃƱ0 ǗƷĔ
D48�*, āåÆ=�ŀñ�ēĎæÆ.-
0ŔȇÆóǱũȂǢǟDǓ�,,</ĐȜ
ƫąåx\ua~F�Ǧ ƎêDũƵ!A. 
�ƒ1, ľŢ�*�AǩȚ�DƑ�%ĊįƸ
óǱ=ƢĦŚňDƑ�%țÑǾĊįƸx\
ua~F�ũȂDç/țÑǾĊįƸbiH
XǢǟ�>3biHXģƑÆ0ťǠDǓ�. 
Ĝ?B%ĮşD, biHXǢǟıǔ, Vv{
��V|�ıǔ, ƇĦƀùǥ¢ıǔ,�*ø
Į!A. 
 
(3) a}p�`Ÿ�­ŸȞæ50ŨĤ0ăȒ 
� CRLH óǱũȂDXS��]I�!A�,
+, a}p�`Ÿȸ­ŸȞæ+0ûƋÑǋĦ
DŅ¨ƙ�>3ûȣƙ/ťǠ!A. 1THzƩĔ
8+0óǱDǦ �, ƇĦǥ¢DǓ��,+, 
a}p�`ŸĎ=­ŸȞæ/Ø�%ŨĤ0
ăȒ0ûǤDǦ9A. 8%, uHQ�ŸĎ0
biHXDa}p�`Ÿȸ­ŸȞæ50ăȒ
DťǠ!A.  
 
ȯȫƠƬĮş 
(1) ŉǛx\ua~F�0ƍǭ,ũȂ0ȒƘ 
� CRLH óǱƍǭDç/ŉǛ0ĊįƸóǱũ
ȂDľŢ�%. ��/ȒƘ�%�ǚ.ũȂ¡
DƤ! (á 2). 
�ŉǛx\ua~F�ũȂ0ȒƘ 
�ĊįƸĀŸƴ 
� �ŀñÆDƛĺ�*, ĀŸƴ/ýȏĦX\
nDÛŘƙ/Ȍ¹!A�,+ĀŸƴ�ǽy
�d0N_cMmȞæ/ĊįƸ�Ły�d
DûƋ�%.  
�]�q�åĊįƸóǱ 
� ǌčƼǅÆeg�_dDĩù�%]�q
�å0ȐĄ²Ʋ0ÛŘũȂ/>@ĊįƸƇ
ĦDûƋ�%. 
�ȐĄj\��DĹ(ǩȚ�ŠåĊįƸóǱ 
� ǕȜ/ȐĄj\��DĹ(ǩȚ�ǝŠD
ÛŘȌ¹!A�,+X�_cǁǷy�d/
>AĊįƸóǱDȒƘ�%. ǯĂĳƉ��Y
DũĮ��B�àĳȕƕDǴ�AǞªĔD
ûƋ�%. 
�u_V{��wåĊįƸóǱ 
� ǩȚ�çŝ�A�1V~T�IJh�/
ȗƫÑǋ.u_V{��wåĊįƸóǱD
ȒƘ�%. 
�bG}_QT��x\ǕȜ 
� 2Ű« CRLHóǱ/>@, Γƃ/��* 1Ű

0¶ńƇĦDĹ(bG}_QT��0�ĉ
ƙ.ũĮ/º;*ĮÃ�%. ÛŸŅ�>3®
ÿǝĔ/Ę�ȈĴĦDĹ(ċïÚÎƇĦ�
>3ƗďǿȅƇĦDûǤ�%.  
�ǩȚ�°Ļß/>AĊįƸóǱ 
� �ŀñÆDƛĺ�%N_cMmĀŸǷ�
0ǩȚ�ƌ0 TE y�d°ĻDƑ�%ĊįƸ
óǱDûƋ�%.  
�3 Ű«ĊįƸóǱ� ȐĄ8%1ǩȚ�DÛ
Řƙ/Ȍ¹�%ƱŊĦ 3Ű«ĊįƸóǱDû
Ƌ�%. �BDƑ�* 3 Ű«DĂĳƉ��Y
DũĮ�àĳȕƕDǴ�AǞªÅ DơǨ
�%.  
 
�?/ęº0ǟƔ/1.�'%�, CRLH ó
Ǳ�í/<�B?0ũȂ�?ŻƏ�%ŉ%
.x\ua~F�<ȒƘ�% (á 3). 
�Single negative (SNG) ƗŊĦX}n 
� ȐĄXjH}�ÛŘũȂƗŊĦX}n/
>@, ǿƢƉ�ǯ09 (SNG) />AǯĂĳ
DûƋ�%.  
�3Ű«ǯǩȚƉ (ENG) óǱ 
� ȐĄƌ,ȐĄ�Hz/>A 3Ű«ǯǩȚƉ 
(ENG) óǱDûƋ�%. 
�ǿōu�cóǱ 
� ëĿȚƢŴö/ç)�ǿƢƉa�[�0
țþǝȝDø¯/½ĝ�%ǿōu�cóǱ
DûƋ�%.  
 



� �  
� � � �   (a)                  (b) 
 
á4  ȒƘ�%Vv{��\ (a) ÛŘũȂ
0ń�ƕǞŞ[�i (FDTDŷ)  (b) ÛŘ
ũȂ0¶ńƇĦ[�i (FDFDŷ)  

 
 
á 5  ȒƘ�%ŚňùŅǥ¢VXaw
(750GHz-1.1THz) 

 
 

á6  ȒƘ�%ƫąåCRLHóǱ,ģƑ¡. (S: 
LTCC/>@ûǖ�%CRLHóǱ, T: UWBm
G�\, U: ]Ho�QU) 

 
 

á3  ŻƏ�%x\ua~F�ũȂ0¡. (P: 
SNGƗŊĦX}n, Q: 3Ű«ENGóǱ, O: ǿ
ōu�c) 

 
 

 
á7  țƜÍx\ua~F�0ȒƘ¡. (S: ț
ƜÍCRLHǁǷ, W: To��eǁǷåțƜÍ
CRLHǁǷ, X/Y: țƜÍƨƜ¶ń½ĝCRLH
ǁǷ, Z: țƜÍCRLHȄǓŸ°Ļß, a: k�
wXQH�cĲ½ȤÄƉȄǓŸ°Ļßk�w

ǳšF�ae) 

�x\ua~F�Vv{��\0ȒƘ 
� FDTD ŷ/ç)�ÛŘũȂ/þ!Ań�ƕ
ǞŞ[�i�>3 FDFDŷ/ç)�ÛŘũȂ
0¶ńƇĦ[�iDȒƘ�% (á 4). 

 
�ŚňùŅǥ¢VXaw0ũƵ  
� �ĉŚň/þ!AuHQ�ŸĎ�?
1.1THz 8+0ûÄǘƻǩȚƉ�>3ûÄǘ
ƻǿƢƉ0ǥ¢VXawDũƵ�% (á 5).  

 
(2) biHXģƑÆƠƬ 
�ƫąå CRLHóǱ,$0ģƑ 
� �ſÖŎƄĮZ}v_Q (LTCC) ıǔ+
ûǖÑǋ.ƫąåCRLHóǱDȒƘ�%. 3ȷ
18GHz0ǴēĎæ.�ǽƇĦDûƋ�%. 
�BDƑ�*uHQ�ŸĎ+Å !Abi
HXģƑDȒƘ�% (á 6). 
�ǴāåmL��dƽÕß 
�WilkinsonȚÂ¶Ȍß 
�g_^ƇĦ(� UWBmG�\ 
�ēĎæH�l�]�XņÕß 

 
�țƜÍx\ua~F�,$0ģƑ 
� ƢĦ�DƑ�%țƜÍx\ua~F�D
ûƋ�%. �BDƑ�*Ű0Ū.ƔŘƙ.b
iHXDȒƘ�% (á 7).  
�țƜÍ CRLHǁǷ 
�țƜÍƨƜ¶ń½ĝ CRLHǁǷ 
�țƜÍ CRLHȄǓŸ°Ļß 
�k�wXQH�cĲ½ȤÄƉȄǓŸ°Ļß
k�wǳšF�ae 
 

�$0�0ģƑ 
� $0�, CRLH ǁǷDƑ�%F�aeDȒ
Ƙ�% (á 8).  
�ĊįƸĀŸƴk�wǳšF�ae 
�Țã½ĝå©ŸàǸșŰ°ĻF�ae 
 

�FQaGnóǱ50ăȒ 
� ęº0ǟƔ�í/< , Negative Impedance 
Converter (NIC) DƑ�*Ʊ¢~FQ\�X

 
 

 
á8  $0�0uHQ�ŸģƑ¡ (W: v~Ÿ
ĎĊįƸĀŸƴk�wǳšF�ae, X: Țã
½ĝå©ŸàǸșŰ°ĻF�ae) 



 
 

á9  g�mLX\�ƻô0ȒƘ¡. (d: Linvill
åNICƻô, e: Kv_\mL�FåNICƻô, 
f: NICƻôDƑ�%āåF�ae0ēĎæņ
Õ) 

 
 

 
á10� Ǧ a}p�`�­Ȟæx\ua~F
�. (g/h: a}p�`ĎCRLHóǱ, i: ǲíȞæ
ǯǿƢƉ(MNG)óǱ) 

�mLX\�0ùƍ/ěC.�g��mLX
\�ƻôDûƋ�%. 8%ĞāF�ae0ē
ĎæņÕ50ģƑÑǋĦDƤ�% (á 9). 

 
(3) a}p�`Ÿ�­ŸȞæ50ŨĤ0ăȒ 
� �ƊD1 ;,!A�ůȔ,0°Ö+Ç
Ā�o�ZXDƑ�*CRLHóǱDXS��
]I��%a}p�`Ÿ/��AǯĂĳƉ
óǱ, ǲíȞæ/��AǯǿƢƉ(MNG)óǱ
DûƋ!A.-, ŨĤDăȒ�% (á 10).  

 
Ȱȫ�.ƘǕǭŇƱ 
ȧƠƬ�Ǖǈ, ƠƬ¶ĵǈÌ3ȃłƠƬǈ/
1�ǁȨ 
�ȘǧǭŇ�ȧǟ� 74� �Ȩ 
� ȐôÈ�ȩè�ĖÒ, Linvill å Negative 
Impedance ConverterDƑ�%āåF�aeƑ 
Non-Foster ņÕàǷ0³ƋĦ,H�l�]�
XƇĦ/(�*, ȚôĨéȀ¥ö�ÝŇǭŇ
ǧ C, 2015, šǫŖ (Ê¾�). 
� (ǞǪǭŇ) ƝƒƶĢ,x\ua~F�0ŉ
ăȒ, ȚôĨéȀ¥ö�Ȁ¥[UHKaGu
OW�, Vol.33, ìÔ, pp.6-11, 2015, šǫŖ. 
� (ǞǪǭŇ) ÷Ȏ �, x\ua~F�Ǣǟ
ǞŞ0%;0ȚƢƕǞŞŷ, ȚôĨéȀ¥ö
�Ȁ¥[UHKaGuOW�, Vol.33, ìÔ, 
pp.12-19, 2015, šǫŖ. 
� S. Tomita, K. Sawada, A. Porokhnyuk, and T. 
Ueda, Direct observation of magnetochiral 
effects through a single metamolecule in 
microwave regions, Physical Review Letters, 113, 
235501, 2014, 10.1103/PhysRevLett.113.235501, 
šǫŖ. 
� A. Porokhnyku, T. Ueda, Y. Kado, and T. 
Itoh, “Phase-constant-nonreciprocal CRLH 
metamaterials based on coplanar waveguides,” 

Journal of Applied Physics, 115, 17E519 (2014) , 
šǫŖ. 
	 (ǞǪǡ�) ƝƒƶĢ, “ĕūëĿ,Q��
P � R ,” The Journal of the Institute of 
Electronics, Information and Communication 
Engineers, 96, No. 1, pp. 46-51, 2013, šǫŖ. 

 (ķĚǭŇ ) Toru Uno, Electromagnetic 
Modeling of Metamaterials, IEICE Trans. 
Commun., E96-B, no.10, pp.2340-2347, Oct. 
2013, šǫŖ.  
� Hiroshi Kubo, Kazuhiro Nishibayashi, 
Tsunayuki Yamamoto, Atsushi Sanada, New 
Negative Refractive Index Material Composed of 
Dielectric Prisms with Metal Patterns, IEICE 
Transactions on Electronics, E-96C, 1273-1280, 
2013, šǫŖ. 
� A. Porokhnyku, T. Ueda, Y. Kado, and T. 
Itoh, Mode analysis of phase-constant 
nonreciprocity in ferrite-embedded CRLH 
metamaterials, IEICE Transactions on 
Electronics, E96-C, 1263-1272 (2013) , šǫŖ. 

 Hiroaki Sakamoto, Toru Uno, Takuji Arima 
and Yujiro Kushiyama, ``Classification of 
Degenerate and Non-degenerate Modes of 
Photonic Crystals in FDTD Analysys by Group 
Theory,’’ IEICE Communication Express, 2, 
no.5, pp.211-216, May 2013, šǫŖ.  
 
�ö�ƘǕ�ȧǟ� 186� �Ȩ 
� (Invited) Atsushi Sanada, Transmission Line 
Metamaterials for Transformation 
Electromagnetics, European Microwave 
Conference (EuMC) 2014, Rome, Italy, 5-10 
October 2014. 
�  Yasushi Horii, Takuya Kaneko, Shogo 
Takagi, Masahiro Akiyama Theoretical study 
on bandwidth enhancement of negative 
impedance converters with an emitter follower 
circuit, Metamaterials 2014, Copenhagen, 
Denmark, August 25-30, 2014. 
� (Invited) Atsushi Sanada and Tsutomu 
Nagayama, Transmission Line Approach to 2D 
Full-Tensor Anisotropic Metamaterials for 
Transformation Electromagnetics, Proceedings of 
2014 International Conference on 
Electromagnetics in Advanced Applications 
(ICEAA), Palm Beach, Aruba, 3-8 Auguist 2014. 
� Takuya Kaneko, Yasushi Horii, A wideband 
low-loss negative group delay circuit based on 
negative impedance converters, 2014 
USNC-URSI Radio Science Meeting, Menphis, 
USA, July 6-11, 2014. 
� (Invited) Atsushi Sanada, and Shotaro Nagai, 
Extremely High Absorption by Dirac Cone 
Mushroom Metasurfaces in Millimeter-Wave 
Regions, 5th International Conference on 
Metamaterials Photonic Crystals and Plasmons 
(META2014), Southwest, Singapore, May 20-23, 
2014. 
	 (Invited) T. Ueda, Design of nonreciprocal 



metamaterials in the microwave region, 
META’14, the 5th International Conference, on 
Metamaterials, Photonic Crystals and Plasmonics, 
Nanyang Technological University, Southwest, 
Singapore, May 20-23, 2014. 

  (Invited) Takuji Arima and Toru Uno, 
Development of Broadband Negative 
Permeability Structure in Microwave Region, 
Asian Workshop on Antennas and Propagation, 
May 14-16, 2014, Kanazawa Theatre, Kanazawa 
� H. Kubo, R. Mashino, A. Sanada, and T. 
Yamamoto, Left-Handed Material Composed of 
Dielectric Spheres Put between Metal Cylinders, 
METAMATERIALS' 2013, Bordeaux, France 19 
September 2013. 
�  (Invited) Tsunayuki Yamamoto, Hiroshi 
Kubo, Atsushi Sanada, A Novel Theoretical 
Approach of Fishnet-type Material Composed of 
Multilayer Metallic Patterns by the Equivalent 
Circuit, 2013 URSI Commission B International 
Symposium on Electromagnetic Theory 
(EMTS2013), Int'l Conf. Center Hiroshima, 
Hiroshima, May 20-24, 2013 

 T. Ueda, T. Itoh, Beam scanning antennas 
based on pseudo traveling wave resonators, 
Proceedings of the 2013 URSI Commission B 
International Symposium on Electromagnetic 
Theory (EMTS 2013), Int'l Conf. Center 
Hiroshima, Hiroshima, May 23, 2013. 
 
�áœ�ȧǟ� 6� �Ȩ 
� Yasushi Horii, Computational 
Electromagnetics — Retrospective and Outlook, 
Chapter 3, Springer (2015), ISBN: 
978-981-287-094-0. 
� Ƌ�ȚôĨéȀ¥Ȉœ�ƞǮ0Ť� uH
Q�Ÿ�ǽ�àǷbiHX0çƣ, Ůř¦ƚ
¦, ȚôĨéȀ¥ö�ǂ, ƝƒƶĢ, � 19×, 
M � w ƥ , 2013 đ 2 ŕ , ISBN 
978-4-274-21333-5. 
� èǵő ǂǑȩǐǓűĭȸƒ�ĶƓȸȤȎħ
�ȸ�ƒÞ� Ǒȩ�áǞx\ua~F��ď
ǮDǴ�%Ű��Śň��ȩư 4 Ʈ�uHQ
�Ÿx\ua~F��ȩpp. 117-177, Ō¸ĉŦ
ŉǉƥ (2013). 
�ƟËƅ�ȸƝƒƶĢȸţĈŽðȉƚ¦, x\
ua~F� II, ư 2Ʈ pp. 16-26, V�KwV
�µƆ (2012), ISBN 978-4-7813-0354-3. 
��ƒÞ�, x\ua~F�	
 , ư 8 Ʈ, pp. 
77-88, V�KwV�µƆ  (2012) , ISBN 
978-4-7813-0354-3. 
	T. Ueda and T. Itoh, Passive RF Component 
Technology: Materials, Techniques, and 
Applications, Edited by G. Wang and B. Pan, 
Chapter 9, Composite right/left handed 
transmission lines and their RF applicationsȩpp. 
187-231, 2012. 
 
�ƐŦǰƐŭ� 
○µȠƈŶȧǟ� 3� �Ȩ 

×ƧȳțÑǾ�ǽǁǷǖǆ 
Ƙōǈȳ�ƒÞ�, ćřƺĒ 
ŭ¼ǈȳâƭïöŷ��ȋĉǏǄƿïö 
ƪȡȳƇǣ 
ƖÔȳPCT/JP2012/054632 
µȠđŕŌȳ2012đ 2ŕ 24Ō 
â±í0»ȳ âí 
 
×Ƨȳ3Ű«x\ua~F� 
Ƙōǈȳ�ƒÞ�, �ǒǎō 
ŭ¼ǈȳâƭïöŷ��ȋĉǏǄƿïö 
ƪȡȳƇǣ 
ƖÔȳPCT/JP2013/055710 
µȠđŕŌȳ2013đ 3ŕ 1Ō 
â±í0»ȳ âí 
 
×ƧȳuHQ�Ÿ°Ļß 
Ƙōǈȳ�ƒÞ��ĸƒÀǺ�ĆřĬðȉ 
ŭ¼ǈȳâƭïöŷ��ȋĉǏǄƿïö 
ƪȡȳƇǣ 
ƖÔȳPCT/JP2011/67284 
µȠđŕŌȳ2011đ 7ŕ 28Ō 
â±í0»ȳ âí 
 
○ÏĜƈŶȧǟ� 1� �Ȩ 
× Ƨ ȳ Three-dimensional left-handed 
metamaterial 
ƘōǈȳAtsushi Sanada 
ŭ¼ǈȳYamaguchi University 
ƪȡȳƇǣ 
ƖÔȳUS 12/526,573 
µȠđŕŌȳ2008đ 3ŕ 14Ō 
ÏĜđŕŌȳ2012đ 2ŕ 28Ō 
â±í0»ȳ âí 
 
�$0�� 
ƝƒƠƬüs�wr�W 
http://www-ap.apsci.yamaguchi-u.ac.jp/ 
 
ȱȫƠƬƼǅ 
(1)ƠƬ�Ǖǈ 
� Ɲƒ� ƶĢȧSANADA, AtsushiȨ 
ĆÐïö�ïöȖƍĉöƠƬƦ�ŃĽ 

� ƠƬǈƖÔȳ20264905 
(2)ƠƬ¶ĵǈ 
� �¤� źȧKUBO, HiroshiȨ 
ĆÐïö�ïöȖƍĉöƠƬƦ�ŃĽ 

� ƠƬǈƖÔȳ50205126 
� è�� ĖÒȧHORII, YasushiȨ 
ȔǙïö�ǀÕĨéöȊ�ŃĽ 

� ƠƬǈƖÔȳ00268335 
� �ƒ� Þ�ȧUEDA, TetsuyaȨ 
�ȋĉǏǄƿïö�ĉǏƦöƠƬƦ�´Ń

Ľ 
� ƠƬǈƖÔȳ90293985 
� ÷Ȏ� �ȧUNO, ToruȨ 
Ŝ�ǻĉïö�ïöȖĉöƠƬȖ�ŃĽ 

� ƠƬǈƖÔȳ80176718 


