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Abstract  The effectiveness of the cross shaped loop/spiral antennas which are invented by the authors is studied. There 
have been many studies about loop antennas in terms of shapes and characteristic for a long time. In this paper, the cross 
shaped loop/spiral (CSA) is proposed as a new shape of the loop antennas. We have already presented many practical 
application of the CSA such as a circularly polarized antenna and multi-polarized antenna. For understanding the mechanism 
and getting more practical usage of the CSA, parametric studies of the simplest structure of the CSA have been done. By using 
the results of these parametric studies, a way for downsizing the CSA is suggested. 
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ࡵࡌࡣ .1  

ࡼࡽ⪅✲◊࡞ࠎᵝࠊࡃ㛗ࡣṔྐࡢࢼࢸࣥࣉ࣮ࣝ

ࡿ࠸࡚ࢀࡉ࡞ࡀᇶ♏ⓗ⪃ᐹࡢࡑ࡚ࡗ ࡑࠊࡓࡲࠋ[3] – [1]

㏉ࡾᢡ࡚ࡋࡑᙧ⳻ࡸゅ୕ࠊᙧ▴ࠊࡶ࡚࠸ࡘ≦ᙧࡢ

⏝ᐇࡃᖜᗈࠊࡾ࠾࡚ࢀࡉᥦࠎᵝ࡞࣮࣏ࣝࢲࡋ

ࠋࡿ࠸࡚ࢀࡉ  
ᥦࡢᆺࢫࣟࢡࠊ࡚ࡋ≦ᙧ࡞ࡓ᪂ࡢࢼࢸࣥࣉ࣮ࣝ

ࢆⴭ⪅ࢫࣟࢡࠊ࡛ࡲࢀࡇࠋࡿ࠸࡚ࡗ⾜ࡣࡽᙧ≧ࡢ

≉ᛶࠊ࡚ࡋ⏕ࢆ೫Ἴ࣮ࣝࢼࢸࣥࣉ ೫Ἴࠊࡸ[4]

ࢼࢸࣥ⏝೫Ἴඹࡿࡁ࡛⏝ඹࢆ೫Ἴ⥺┤ ࡢ࡞[5]

ᥦࡢࢼࢸࣥࣉ࣮ࣝࠊࡽࡉࠋࡓࡁ࡚ࡗ⾜ࢆⅬࡢ

࣏ࢲࠊࡋ⏕ࢆᛶ≉࠺࠸⬟እ㒊⤥㟁ྍࡿ࠶࡛ࡘ୍

ᥦࢆᡭἲࡿࡍ㟁⤥ࢆࢼࢸࣥࣉ࣮࡛ࣝࢼࢸ࣮ࣥࣝ

ࣥࡢᖹ㠃ᆺࡿࡁ࡛⏝ඹࢆ೫Ἴ⥺┤㸱࿘Ἴ࡛ࠊࡋ

ࡓࡗ⾜ࢆᥦࡢࢼࢸ ࠋ[6]  

ᮏㄽᩥ࡛ࡢࢼࢸࣥࣉ࣮ࣝࢫࣟࢡࠊࡣ᭷ຠᛶࠊࡋ♧ࢆ

ᛂ⏝ศ㔝ࢆᗈࡢࡑࠊࡵࡓࡿࡆ≉ᛶࡶ࡚᭱࠸ࡘ༢⣧

ࡍ㆟ㄽ࡚ࡌ㏻ࢆウ᳨࡞ࢡࢵࣜࢺ࣓ࣛࣃࡓ࠸⏝ࢆᵓ㐀࡞

ࣥࠊ࡛ࡇࡿࡍᆺࢫࣟࢡࢆ≦ᙧࣉ࣮ࣝࠊࡎࡲࠋࡿ

࣮ࣝࡢࡁᕳ୍ࢆࡢࡿࡍኚ࠺ࡼࡢࡀࢫࣥࢲ࣮ࣆ

ࡢ≦ᙧࣉ CSA ࠊࡽࡉࠋࡿࡍẚ㍑᳨ウࢆࣉᙧ࣮ࣝ▴

๓㏙ࡢᵝ᳨࡞ࢡࢵࣜࢺ࣓ࣛࣃ࡞ウ⤖ᯝࡾࡼぢࢀࡉࡔ࠸

᳨ࡿࡍ㛵ᑠᆺࠊ࡚ࡋ⏝ᛂࢆไᚚࢫࣥࢲ࣮ࣆࣥࡓ

ウࠋࡓࡗ⾜ࢆ  
 

ᛶ≉ࢫࣥࢲ࣮ࣆࣥ .2  
2.1. ▴ᙧ䝹䞊䝥䜰䞁䝔䝘 

ᮏ❶࡛ࡢࢼࢸࣥࣉ࣮ࣝࠊࡣ⤥㟁㒊ࣥࢲ࣮ࣆࣥࡢ

ྠࠊ࡚ࡋ㟁᪉ἲ⤥ࡢࢼࢸࣥࠋࡿࡍウ᳨࡚࠸ࡘࢫ
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㍈⥺㊰ࡿ࠸⏝ࢆࡀከࡢࢼࢸࣥࡾࡲࡘࠋࡓࡗ࡞ࡃ⤥

㟁㒊ࡶࢫࣥࢲ࣮ࣆࣥࡢ 50Ȑ㏆࠸᪉ࠊࡀ⤥㟁ຠ⋡ࡣ

Ⰻࡢࢼࢸࣥࣉ࣮ࣝࠊࡋࡋࠋࡿ࡞ࡃከࡣࡃẚ㍑ⓗ

ࠋࡿ࠸࡚ࢀࡽ▱ࡀࡇࡿ࡞ࡃ㧗ࡀࢫࣥࢲ࣮ࣆࣥ  
ࠊࡤ࠼ᅗ㸯࡞࠺ࡼࡢ▴ᙧ࣮ࣝࣆࣥࡢࢼࢸࣥࣉ

ࡿࡳ࡚ࡋ⾲࡚࠸⏝ࢆ್ࢫ࣮ࣟࣥࢱࣜࠊࢆᛶ≉ࢫࣥࢲ࣮

Ls1ࠋࡿ࡞࠺ࡼࡢᅗ㸰ࠊ  Ls2 ࠊ࠸ࡋ➼ࡀࡉ㛗ࡢ

ṇ᪉ᙧ࣮ࣝࡢࢼࢸࣥࣉሙྜࢆᅗ㸰ᐇ⥺࡛♧࠸࡚ࡋ

ࡀࢫࣥࢲ࣮ࣆࣥࠊࡀࡿ 135Ȑ⛬ᗘ㧗ࣜࠊࡵࡓ࠸

࠸࡞ࡉࡓ‶ࢆ‽ᇶࡣ࡚ࡋࢼࢸࣥࡶ್ࢫ࣮ࣟࣥࢱ

10dB ௨ୗ࡞࠺ࡼࡢࡇࠋࡿ࡞▴ᙧ࣮ࣝࠊࡣࢼࢸࣥࣉ

ࡎ࠼ኚࡣ㛗ࣉ࣮ࣝࠊ࡚ࡋㄪᩚἲࡢࢫࣥࢲ࣮ࣆࣥ

Ls1  Ls2 ࠋࡿ࠸࡚ࢀࡽ▱ࡀ᪉ἲࡿ࠼ኚࢆẚࡢࡉ㛗ࡢ  
 

 
ᅗ 1 ▴ᙧ࣮ࣝࢼࢸࣥࣉ  

Fig. 1  A square loop antenna. 
 

 
ᅗ 2 ▴ᙧ࣮ࣝྛࡢࢼࢸࣥࣉ㎶ࡢᑍἲࢆኚࡓ࠼ሙ

ᛶ≉ࢫ࣮ࣟࣥࢱࣜࡢྜ  
Fig. 2  Return loss characteristics of the square loop 

antenna for various length of Ls1 and Ls2. 
 

Ls1ࠊ࡛ࡇࡑ  Ls2 ࣮ࣆ࡚ࣥࡏࡉኚࢆࡀࡉ㛗ࡢ

ࠊ୍⥺◚ࡸ⥺Ⅼࡢᅗ㸰ࠊࡵồࢆࢫࣥࢲ Ⅼ㙐⥺࡛♧ࠋࡓࡋ

⤖ᯝࡶࡽศࠊ࠺ࡼࡿLs2/Ls1=0.5 ᚑࡿ࡞ࡃ㏆

ࡶࢫࣥࢲ࣮ࣆࣥࠊ࡚ࡗ 50Ȑ⛬ᗘపࡢࡑࠊࡾ࡞ࡃ⤖

ᯝࠊ⤥㟁㒊࡛ࡶࢫ࣮ࣟࣥࢱࣜࡢ 10dB ௨ୖⰋዲ್࡞

ࡋࡘ୍ࡢᚩ≉ࡢࢼࢸࣥࣉ࣮ࣝࠊሙྜࡢࡇࠋࡿ࡞

ࡀ್ࢫ࣮ࣟࣥࢱࣜࠊࡾ࠾ࡿ࠸࡚ࢀࡽ▱࡚ 10dB ௨ୖ

ࢃࡀ࠸ᗈẚ࡞ࢼࢸࣥࢳࢵࣃࡶᖏᇦᖜࡿ࡞

࡞Ⰻዲࡀᛶ≉ࢫ࣮ࣟࣥࢱࣜᵝࡢࡇࠊࡋࡋࠋࡿ

ᇶࡀ್ࢫ࣮ࣟࣥࢱࣜࠊࡣ௨እ࡛ࢀࡑࠊࢀࡽ㝈ࡣᑍἲࡿ

ゎࡢᅗ㸰ࠊ࠾࡞ࠋࡿࢃࡀࡇ࠺ࡲࡋ࡚ࡗୗᅇࢆ್‽

ᯒ⤖ᯝࠊࣝࡣ ᖜࡢ㊰⥺ࡿࡍᵓᡂࢆࣉ࣮ ws ࢆ 1 mm ࠊࡋ

ሙࡓࡋᑍἲࡓࡋ♧᫂ซࡢᅗ㸰ࠊࡣᑍἲࡢࡢࡑ

ࠋࡿ࠶࡛ྜ  
ࣥࡢ㟁㒊⤥ࠊࡣࢼࢸࣥࣉᙧ࣮ࣝ▴ࠊ࠺ࡼࡢࡇ

ࢆࢫࣥࢲ࣮ࣆ 50Ȑ್ࡢ࡞ㄪᩚࡿࡍⅭࡢࡑࠊࡣእ

ᙧᙧ≧ࡶኚࠊ࡚ࡗࡀࡓࡋࠋ࠺ࡲࡋ࡚ࡋࣥࠊࡤ࠼

ෆࡢᑠᆺᦠᖏ➃ᮎࠊࡿࢀࡽ㝈ࡀ✚㠃ࡿࡍ⨨タࢆࢼࢸ

ⶶ࡚ࡋࢼࢸࣥᛂ⏝ࡿࡍሙྜࡣࡢᅔ㞴࡛ࡀࡇࡿ࠶

ศࠋࡿ  
 

2.2. 䜽䝻䝇䝹䞊䝥䜰䞁䝔䝘 
ࣉ࣮ࣝࡢ≦ᙧࢫࣟࢡࡓࡋⓎ᫂ࡀࡽ⪅ⴭࠊḟࠊࡣ࡛

ࣉ࣮ࣝࢫࣟࢡ㸦ࢼࢸࣥ 㸸CSA㸧ࢼࢸࣥࣝࣛࣃࢫ/

 ࠋࡿࡳ࡚ࡋᐹ⪄ࢆᛶ≉ࢫࣥࢲ࣮ࣆࣥᵝྠࡶ࡚࠸ࡘ
ᅗ㸱ࠊࡣCSA ᵓ㐀࡞༢⣧ࡶ᭱ࠊࡓࡋᵓᡂ࡛ࡁᕳ୍ࢆ

ᕳ୍࠺ࡼࡿࡒ࡞ࢆ≦༑Ꮠᙧᵝࡢᅗࠋࡿ࠸࡚ࡋ♧ࢆ

ࢧࡢ㒊ศࡋฟࡁ✺ࡢୗᕥྑୖࠊࡋᙧᡂࢆࣉ࣮࡛ࣝࡁ

ࢆࢬ s1×A ࡞࠺ࡼࡢᅗࠊࡣ㟁㒊⤥ࠊࡓࡲࠋࡿ࠸࡚ࡋ

⨨タ⨨ࠋࡓࡋ  
 

 
ᅗ ࢼࢸࣥࣉ࣮ࣝࢫࣟࢡ 3  

Fig. 3  A cross shaped loop antenna. 
 

ࢸࣥࠊ࿘Ἴᩘࡿ࡞Ⰻዲࡀࢫ࣮ࣟࣥࢱࣜࠊࡎࡲ

እᙧᑍἲࡢࢼ Lx1×Lx2 ࣉᙧ࣮ࣝ▴ࡍ♧ᅗ㸯ࠊࡀ

ࠊᯝ⤖ࡢࡑࠋࡓࡋタィ࠺ࡼࡿ࡞ࡌྠࢼࢸࣥ

wx=0.4 mmࠊA=12 mmࠊ s1=4 mm ᙧ▴ࡢᅗ㸯ࠊሙྜࡢ
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ᵝྠࢼࢸࣥࣉ࣮ࣝ 2.4GHz ᭱ࡀࢫ࣮ࣟࣥࢱ࡛ࣜ

ࠊࡾ࡞እᙧᑍἲࡀ 28 mm ᅄ᪉ࠋࡓࡗ࡞  
እࡌྠࡃࠊ࡛ࡇࡿࡍ≦ᙧࢫࣟࢡࠊ࠺ࡼࡢࡇ

ᙧᑍἲ࡛ࢆࢫࣥࢲ࣮ࣆࣥࠊࡽࡀ࡞ࡾ࠶ 50Ȑ㏆࡛ࡲ

ୗࡢࡑࠊࡁ࡛ࡀࡇࡿࡆ⤖ᯝࢆ್ࢫ࣮ࣟࣥࢱࣜࠊ 25dB
㏆࡛ࡲㄪᩚࡀࡇࡿࡍฟ᮶ࠋࡿ࠼࠸ࡓ  

ḟࢆࣉ࣮ࣝࢫࣟࢡࠊᵓᡂࡿࡍ✺ฟ㒊ศࡢᑍἲࢆኚ

ࡼࡢࡇࠋࡍ♧ᅗ㸲ࢆᛶ≉ࢫࣥࢲ࣮ࣆࣥࡢሙྜࡓ࠼

ฟ㒊✺ࠊࡀࡿ࠶࡛ࡌྠࡣࢬࢧእᙧࡢࢼࢸࣥࠊ࠺

⬟ྍࡀㄪᩚࡢࢫࣥࢲ࣮ࣆ࡛ࣥࡅࡔࡿ࠼ኚࢆࢬࢧࡢ

ࠋࡿࢃࡀࡇࡿ࠶࡛  
 

 
ᅗ ᛶ≉ࢫ࣮ࣟࣥࢱࣜࡢࢼࢸࣥࣉ࣮ࣝࢫࣟࢡ 4  

Fig. 4  Return loss characteristics of the cross shaped 
loop antenna 

 

 
ᅗ 5 CSA ᛶ≉ࢫ࣮ࣟࣥࢱࣜࡢࢼࢸࣥࣉᙧ࣮ࣝ▴

ẚ㍑ࡢ  
Fig. 5  The comparison of the return loss 

characteristics between the CSA and the square loop 
antenna. 

 

ᅗ㸳ࠊࡣᅗ㸯ࡢ▴ᙧ࣮ࣝࠊࢼࢸࣥࣉᅗ㸱ࣟࢡࡢ

࠶ẚ㍑⤖ᯝ࡛ࡢᛶ≉ࢫ࣮ࣟࣥࢱࣜࡢࢼࢸࣥࣉ࣮ࣝࢫ

ᯝ⤖ࡓࡋ♧࡛⥺Ⅼࡢᅗ㸲⥺ᐇࡢᅗ㸰ࠊࢀࡒࢀࡑࠋࡿ

ࠋࡿ࠸࡚ࡋẚ㍑ࢆ  
ᅗ㸳ࡢ⤖ᯝࠊࡾࡼእᙧᑍἲࣥࢲ࣮ࣆࣥࡲࡲࡢࡑ

10dBࠊࡃ࡞ࡣ࡛ࡅࡔࡿ࠶࡛⬟ྍࡀㄪᩚࢫ ᖏᇦᖜ࠸ࡘ

ࡲࡓࡗಖࢆࡉᗈࠊࡿ࠶ᚩ࡛≉ࡢࢼࢸࣥࣉ࣮ࣝࠊࡶ࡚

ࠋࡿศࡀࡇࡿ࡛ࡲ  
 

3. ᑠᆺ᳨ࡢウ  
ୖグࢼࢸࣥࠊࡣࢼࢸࣥࣉ࣮ࣝࢫࣟࢡࠊ࠺ࡼࡢ

ࢫࣥࢲ࣮ࣆࣥࠊࡃ࡞ࡇࡿ࠼ኚࢆ≦ᙧࡸእᙧᑍἲࡢ

ㄪᩚ࡞࠺ࡼࡢࠊࡶࡋࠊ࡛⬟ྍࡀᑍἲ࡛ࣟࢡࠊࢀ࠶

ࢲ࣮ࣆ࡛ࣥࡲࡃ50Ȑ㏆ࠊ࡛ࡅࡔࡿࡍᵓᡂࢆ≦ᙧࢫ

ࠊ࡚ࡋ⏝ᛂࢆᯝ⤖ࡢࡇࠋࡓࡗศࡀࡿࡏࡉపୗࢆࢫࣥ

CSA ࠋࡿࡳヨࡣ࡛❶ᮏࢆᑠᆺࡢ  
ᅗ㸴ࠊࡣCSA ᵓ㐀ࢆᛂ⏝ࡓࡋᑠᆺࠋࡿ࠸࡚ࡋ♧ࢆ

ᅗࡢ୰ᚰ㒊ศࠊࡣ๓㏙ࡓࡋᅗ㸱ྠᵝ࣮ࣝࢫࣟࢡ࡞

ࠊࡣࢼࢸࣥࣉ࣮ࣝࢫࣟࢡࠋࡿ࠸࡚ࡋ⨨㓄ࢆࢼࢸࣥࣉ

50Ȑࢫࣥࢲ࣮ࣆࣥࡢㄪᩚࡣᐜ࡛᫆ࡲࡢࡑࠊࡀࡿ࠶

ࡢ୰ኸࠊ࡛ࡇࡑࠊ࠸࡞ࡁ࡛ࡀᑠᆺࡣ࡛ࡲ CSA ࿘ᅖࡢ

ࡢู CSA ࡢእ࿘ࠊ࠾࡞ࠋࡓࡋᵓᡂࢆ CSA ࡢෆ㒊

CSA ᵓᡂ࡞࠺ࡼࡢࡇࠋࡿ࠸࡚ࡋᵓᡂ࠺ࡼࡿࡍ⥆᥋ࡣ

ࡢࡘࡣࢫࣥࢲ࣮ࣆࣥࡢ㟁㒊⤥ࠊ࡛ࡇࡿࡍ CSA
ࡒࢀࡑࡢእ㒊ෆ㒊ࠊࡾ࡞ᡂྜࡢࢫࣥࢲ࣮ࣆࣥࡢ

ࡢࢀ CSA ࢲ࣮ࣆࣥࡢᡤᮃࡽࡀ࡞ࡋኚ᭦ࢆࢬࢧࡢ

ࠋࡿ࡞⬟ྍࡀㄪᩚࢫࣥ  
 

 
ᅗ 6 CSA ᑠᆺᛂ⏝ᵓ㐀ࡢ  

Fig. 6  An applied arrangement of CSA for 
downsizing. 

 
ᅗ㸵ࠊࡣLd1=Ld2=19.6 mmࠊB=7.4 mmࠊC=3.0 mmࠊ

wd=0.2 mm ࡓࡋ♧ᅗ㸴ࠊࡢሙྜࡓࡋ CSA ࣮ࢱࣜࡢ

㛗ࡢ㎶୍ࠊࡿࡍእᙧᑍἲ࡛ẚ㍑ࠋࡿ࠶ᛶ࡛≉ࢫࣟࣥ

⣙ࠊࡀࡉ 30%ᑠࠊࡾ࡞ࡃࡉ㠃✚ࡶ⣙ ᐇࡀᑠᆺࡢ51%

ࠊࡶ್᭱ࡢࢫ࣮ࣟࣥࢱࣜࠋࡿศࡀࡇࡿ࠸࡚ࡋ⌧

22dB ⛬ᗘኚⰋዲ࡛10ࠋࡿ࠶dB ᖏᇦᖜࠊࡣⱝᖸ⊃
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ࠋࡿ࠸࡚ࡗ࡞ࡃ  
CSAࠊ࠺ࡼࡢࡇ ྠኈࣆࣥࠊࡾࡼࡏࢃྜࡳ⤌ࡢ

ࡀᑠᆺタィࠊᯝⓗ⤖ࠊࡾ࠶ᐜ࡛᫆ࡀㄪᩚࢫࣥࢲ࣮

ࠊࡣᵓ㐀࡞ᵝࡢᅗ㸴ࠊࡓࡲࠋࡓࡗศࡀࡇࡿ࠶࡛⬟ྍ

೫Ἴ CSA [4]ࡢᇶᮏᵓ㐀࡛ࠊࡾ࠶ᨺᑕ≉ᛶࢆไᚚࡍ

ࠋࡿ࠸࡚ࡗศࡀࡇࡿ࠶࡛⬟ྍࡶࡇࡿ  
 

 
ᅗ 7 ᑠᆺ CSA ᵓ㐀ࢫ࣮ࣟࣥࢱࣜࡢ≉ᛶ  

Fig. 7  The return loss characteristics of the applied 
arrangement of CSA for downsizing. 

 

ࡵࡲ .4  
ࢆእᙧᑍἲࠊࡣ(㸦CSAࢼࢸࣥࣉ࣮ࣝࡢᵓ㐀ࢫࣟࢡ

ኚࢫࣥࢲ࣮ࣆࣥࠊࡶ࡚ࡃ࡞࠼ㄪᩚࡲࠊࡾ࠶࡛⬟ྍࡀ

ࡽࢃ㛵ࡾࡲ࠶ࡣᑍἲࠊ࡛ࡅࡔࡿࡍ≦ᙧࢫࣟࢡࠊࡓ

ࡇࡿ࠶࡛⬟ㄪᩚྍࢫࣥࢲ࣮ࣆࣥࡢ50Ȑ⛬ᗘࠊࡎ

ࣥࢲ࣮ࣆࣥࡎ࠼ኚࢆእᙧᑍἲࠊࡓࡲࠋࡓࡗࢃࡀ

CSAࠊࡵࡓࡿࡁ࡛ࡀㄪᩚࢫ ᭦እഃࡢ CSA ࡡ㔜ࢆ

CSAࠊ࡛⬟ྍࡀㄪᩚࡢࢫࣥࢲ࣮ࣆࣥࠊࡶ࡚ ྜࡳ⤌ࡢ

࡞⬟ྍࡀㄪᩚࡢࢫࣥࢲ࣮ࣆࣥࡿ࡞᭦ࠊࡾࡼࡏࢃ

ࠋࡓࡗࢃࡀࡿࡀ࡞ࡘᑠᆺࠊᯝⓗ⤖ࠊࡾ  
ᮏㄽᩥ࡛ࢫࣥࢲ࣮ࣆࣥࠊࡣ≉ᛶὀ┠ࢫࣟࢡࠊࡋ

ᙧ≧ࡢࢼࢸࣥࣉ࣮ࣝࡢ≉ᛶࢆ⪃ᐹࠊࡀࡓࡋᨺᑕ≉ᛶ

ࠋࡿ࠶ウ୰᳨࡛ࡶ࡚࠸ࡘ  
 

ㅰ ㎡  
ᮏ◊✲୍ࡢ㒊ࠊࡣ⛉Ꮫ◊✲㈝⿵ຓ㔠ࠕⱝᡭ◊✲ (A)  ࠖ
ࠋࡓࡗ⾜ࡾࡼຓᡂࡢ (21686035)  
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