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Study on Transmitting Antennas at 5.8GHz in Microwave Wireless 
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Abstract  This paper presents microwave wireless power supply systems for electric vehicles using a new charging method. 
We designed one/two dimensional transmitting array antennas comprising patch elements at the 5.8 GHz ISM band. The 
excitation phases and amplitudes were optimized by using Genetic Algorithm in order to find out their optimum combination 
that yields flat-topped radiation patterns. The numerical results indicated that the optimized phases and amplitudes can form 
flat-topped patterns. To validate the practicability of flat-topped patterns, we also conducted beam-forming experiments using a 
phased array antenna at 5.8 GHz. We successfully demonstrated that the measured radiation pattern was consistent fully with 
that of simulation results. 
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1. ◊✲⫼ᬒ࣭┠ⓗ  

஧㓟໬Ⅳ⣲᤼ฟపῶࠊ኱Ẽởᰁ㜵Ṇࣥࣜࢯ࢞ࠊᾘ㈝

㔞పῶࡢ࡝࡞ほⅬࡽ࠿㟁Ẽ⮬ື㌴ࡿ࡞ࡽࡉࡢᬑཬࡀᮇ

ᚅࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿ࠸࡚ࢀࡉ⵳㟁ụࡢ⵳㟁ᐜ㔞ࡢไ

⣙ࡀཎᅉ࡛ࠊ㟁Ẽ⮬ື㌴ࡢ㣕㌍ⓗ࡞ᬑཬ࡞࠸࡚ࡗ⮳࡟

ࡣ࡜ࡇࡿ࠶㧗౯࡛㔜ཌ࡛ࡣ⵳㟁ụࠋࡿ࠶࡛≦⌧ࡀࡢ࠸

ᅇ୍ࡵࡓ࠸ࡉᑠࡀ⵳㟁ᐜ㔞ࡣ࡛≦⌧ࠊ࡜ࡇࡢࢇࢁࡕࡶ

඘࡟⦾㢖࡚ࡗࡀࡓࡋࠋ࠸▷ࡀ㊥㞳ࡿࡁ࡛⾜඘㟁࡛㉮ࡢ

㟁࡟࡜ࡇ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࢃ⾜ࢆຍ୍ࠊ࠼ᅇࡢ඘㟁࡟

ࡢࡇࠋࡪཬ࡟㛗᫬㛫࡜᫬㛫ᩘࡽ࠿༑ศᩘࡀ᫬㛫ࡿ࠿࠿

ཎࡀၥ㢟࡞ࠎᵝࡿࡌ⏕ࡽ࠿⏺ᛶ⬟㝈ࡢ⵳㟁ụࠊ࡟࠺ࡼ

ᅉ࡛ࠊᬑཬ࡚࠸࠾࡟኱࡞ࡁ㐍ᒎࡀぢࠋ࠸࡞ࢀࡽ  
㟁Ẽ⮬ື㌴ࡢᬑཬࠊ࡚ࡋ࡜ࢳ࣮ࣟࣉ࢔ࡢ࡬኱ࡃࡁศ

࡚ࡅ 2 ※࣮ࢠࣝࢿ࢚ࠊࡣࡘ࡜ࡦࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡘ

᪉ࡿࡍᦚ㍕ࢆ⵳㟁ụࡾ࠾࡝ᚑ᮶ࡕࢃ࡞ࡍࠊࡿࡍ㍕✚ࢆ

ἲ࡛ࡢࡇࠋࡿ࠶᪉ἲ࡛㟁Ẽ⮬ື㌴ࡿ࡞ࡽࡉࡀᬑཬࡍࢆ

ࡢ⵳㟁ụ࡞㍍㔞ࡘ࠿ᑠᆺࡘ࠿኱⵳㟁ᐜ㔞ࠊࡣ࡟ࡵࡓࡿ

㣕㌍ⓗࡀࣥࣙࢩ࣮࣋ࣀ࢖࡞ᚲせ࡛ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶

୍᪉࣮ࢠࣝࢿ࢚ࠊ࡚ࡋ࡜ࢳ࣮ࣟࣉ࢔ࡢࡘ࡜ࡦ࠺ࡶࠊ※

࡞⬟㧗ᛶࠊࡕࢃ࡞ࡍࠋࡿࢀࡽࡆᣲࡀ᪉ἲ࠸࡞ࡋ㍕✚ࢆ

⵳㟁ụࡢⓎᒎࢆᚲせࠊࡎࡏ࡜ᚑ᮶ࡢࡾ࠾࡝⵳㟁ụࢆ⏝

࠶᪉ἲ࡛࠺࠸࡜࠺⾜ࢆ㟁⤥ࡽ࠿እ㒊࡟㉮⾜୰ࡲࡲࡓ࠸

ᅇࢆၥ㢟࡞ࠎᵝࡢ⵳㟁ụ⏤᮶ࡤࢀ࠸⏝ࢆᡭἲࡢࡇࠋࡿ

㑊ࠊࡁ࡛ࡀ࡜ࡇࡿࡍ㟁Ẽ⮬ື㌴ࡢᬑཬ࡜ࡿࡀ࡞ࡘ࡟⪃

ࠋࡿࢀࡽ࠼  
ᮏ◊✲ࡣ࡛ࣉ࣮ࣝࢢ㉮⾜୰ࡢእ㒊⤥㟁ࡢ᪉ᘧࡋ࡜

ࢆ✲◊࡚࠸ࡘ࡟㟁᪉ᘧ⤥⥺↓ࡓ࠸⏝ࢆἼࣟࢡ࢖࣐ࠊ࡚

ࡢ㐨㊰ࠊࡣ࡚࠸࠾࡟✲◊⾜ඛࡢ࡛ࡲࢀࡇࠋࡓࡁ࡚ࡗ⾜
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ᗋ࡟タ⨨ࡓࢀࡉ㏦㟁ࠊࡽ࠿ࢼࢸࣥ࢔㌴୧ࡢ⭡ࡢ㒊ศ࡟

ᦚ㍕ཷࡓࢀࡉ㟁࡟ࢼࢸࣥ࢔ᑐ࡚ࡋ㏦㟁ࡓ࠸࡚ࡗ⾜ࢆ

࢔㟁ཷࠊࡕ࠺ࡢ㟁ຊࡓࢀࡉᨺᑕࡽ࠿ࢼࢸࣥ࢔㏦㟁ࠋ[1]

ࡍ⩏ᐃ࡜ࠖ⋠ఏ㏦ຠࠕࢆ๭ྜࡢ㟁ຊࡿࡍ㐩฿࡟ࢼࢸࣥ

ᐇ㦂࡛ࠊ࡜ࡿ ࠿ࡋࠋࡓࢀࡉ㐩ᡂࡀ⋠ఏ㏦ຠ࠺࠸࡜76%

࠸㏆ࡀ㊥㞳ࡢࢼࢸࣥ࢔㟁ཷ࡜ࢼࢸࣥ࢔㏦㟁ࠊࡽࡀ࡞ࡋ

ࢸࣥ࢔㏦ཷ㟁࡚ࡌᛂ࡟㏦㟁㊥㞳ࠊࡌ⏕ࡀྜ⤖஫┦ࡵࡓ

ᩚࢆࢫࣥࢲ࣮ࣆࣥ࢖࡚࠼ኚࢆⓗᵓ㐀⌮≀ࡢ㟁Ⅼ⤥ࡢࢼ

ࠋࡓࡗ࠶ࡀၥ㢟࠺࠸࡜࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡉ┤ࡋྜ  
☜ࢆ㊥㞳ࡢ࣮ࢲ࣮࢜ࣝࢺ࣮࣓ᩘࠊࡣ࡛✲◊ᮏ࡛ࡇࡑ

ಖࡿࡁ࡛ࡀ࡜ࡇࡿࡍ㌴୧ୖ㒊ࡢ࡬⤥㟁᪉ᘧࢆᥦ᱌ࠋࡿࡍ

ࡓࡿࡁ࡛ࡀ࡜ࡇࡘಖࢆẚ㍑ⓗ㏦㟁㊥㞳ࡾࡼ࡟᪉ᘧࡢࡇ

ࠊࡓࡲࠋࡿࢀࡽ࠼⪄࡜ࡿࡁᨵၿ࣭᤼㝖࡛ࢆྜ⤖஫┦ࠊࡵ

࣮ࣅࠊࡁⓎ᥹࡛ࢆ㛗㊥㞳ᛶࡢἼ↓⥺ఏ㏦ᮏ᮶ࣟࢡ࢖࣐

࠼⪄࡜ࡿࡁ࡛ࡶ࡜ࡇࡿࡍ㏣ᚑࢆ㌴ື⮬࡚ࡏࡉᣦྥࢆ࣒

㇟ᑐࢆ኱ᆺ㌴୧ࡅࢃࡾ࡜ࠊࡶ࡛࠿࡞ࡢ㌴ື⮬ࠋࡿࢀࡽ

኱ᆺࠊࡵࡓ࠸ከࡀ㈝໬▼⇞ᩱᾘࡶࡾࡼᑠᆺ㌴ࠋࡿࡍ࡜

㌴ࡿ࡞ࡽࡉࡑࡇ㟁໬ࡀ㐩ᡂࡲࠋ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࢀࡉ

ࢻ࢖࢔ࡢࢡࢵࣛࢺ኱ᆺ෭ⶶ࡚࠸࠾࡟⾜㉮ࡢ㛗㊥㞳ࠊࡓ

ࢢࣥࣜࢻ࢖࢔ࠊࡵࡓࡿ࠸࡚ࡗ࡞࡜ၥ㢟࡞ࡁ኱ࡀࢢࣥࣜ

࡜ࡇࡿࡍእ㒊↓⥺⤥㟁ࢆ㟁ຊ࡞༑ศ࡟ࡵࡓࡢࣉࢵࢺࢫ

⤥⥺↓Ἴࣟࢡ࢖࣐ࠊࡣ࡛✏ᮏࠋࡿ࠶ⓗ࡛┠ࡢ✲◊ᮏࡀ

㟁ࡢࡵࡓࡢ࣒ࢸࢫࢩ㏦㟁ࡢࢼࢸࣥ࢔タィ࡟↔Ⅼࢆᙜ࡚ࠊ

ᚋ࡟㏙ࡿ࡭㏦㟁᮲௳ࢆ‶㊊࡞࠺ࡼࡿࡍᨺᑕࢆ࣮ࣥࢱࣃ

ồࢆ࡜ࡇࡿࡵ┠ⓗࠋࡿࡍ࡜  
 

2. ⤥㟁࣒ࢸࢫࢩ  
㌴୧ࣟࢡ࢖࣐ࡢ࡬Ἴ↓⥺⤥㟁ࢆ࣒ࢸࢫࢩᅗ 1 ࠋࡍ♧࡟

㏦㟁ࡢࢻࣥࢱࢫඛ࡟㏦㟁ࡾྲྀࢆࢼࢸࣥ࢔௜ࡓࡅᵓ㐀࡛

࣮ࣅࡽ࠿ࢼࢸࣥ࢔㏦㟁࡟࠺ࡼࡿ࠸࡚ࡋ♧Ⰽ࡛⥳ࠋࡿ࠶

ࡅྥ࡟ࢼࢸࢡࣞࡓࢀࡉᦚ㍕࡟ᒇ᰿ࡢ㌴୧ࠊࡋᨺᑕࢆ࣒

࡚⤥㟁ࢆ࡜ࡇ࠺⾜ࢆ᝿ᐃࠋࡿࡍ  

 
ᅗ 1: ⛣ືయ↓⥺⤥㟁࣒ࢸࢫࢩ  

 
⛣ືయ㌴୧ࡢ࡬⤥㟁ࡢሙྜࠊ㏦㟁㊥㞳ࡣ 4 m ࡽ࠿ 10 

m ㏦ࠊࡋ៖⪄ࢆࡉࡁ኱ࡢᐇ㦂⎔ቃࡧࡼ࠾ࠊ࡜ࡇࡿ࡞࡜

㟁㊥㞳 6 m  ࠋࡿ࡭㏙࡟୰ᚰࢆᯝ⤖ࡢィ⟬ᶵᐇ㦂ࡿࡅ࠾࡟

3. ㏦㟁᮲௳  
ᅗ 1 ࡢ௨ୗࡣ࡚࠸࠾࡟࣒ࢸࢫࢩࡓࡋ♧࡛ 3 ㏦㟁᮲ࡢ

ࠋࡿ࡞࡜ᚲせࡀ௳  
(i) ࣞཷࢼࢸࢡ㟁㠃࡟㟁ຊࢆ㞟୰ࡏࡉ㧗ఏ㏦ຠ⋡ࢆ

㐩ᡂࠋࡿࡍ  
(ii) ࣞཷࢼࢸࢡ㟁㠃ࡢእ࡚࠸࠾࡟⏕యࡢᏳ඲ᛶࢆ༑

ศ࡟☜ಖࠋࡿࡍ  
(iii) ࣞཷࡢࢼࢸࢡ㟁ไ⣙ࢆ⪃៖ཷ࡚ࡋ㟁㠃࡛ࣛࣇ

ࠋࡿࡍᙧᡂࢆ࣒࣮ࣅࢺࢵ  
 
ᅗ 1 ᵝᏊࡢ࣒࣮ࣅ࡞᝿ⓗ⌮ࡣ࣒࣮ࣅࡓࡋ♧Ⰽ࡛⥳ࡢ

࠾࡟ᯟእࢼࢸࢡࣞࠊࡋ㞟୰ࡀ㟁ຊ࡟ᯟෆࢼࢸࢡࣞࠊ࡛

ࡢࡇࠋࡿ࠶࡛࣒࣮ࣅ࠺࠸࡜࠸ࡉᑠࡀ㟁ຊ࡚ࡵᴟࡣ࡚࠸

ࡢ௳㏦㟁᮲ࡤࢀࡁᙧᡂ࡛ࢆ࣒࣮ࣅࠊ࡞࠺ࡼ (i)ࠊ(ii)ࢆ‶

㊊ࡢࡽࢀࡇࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡍ᮲௳࡟ຍ࡚࠼ (iii)ࡶ㔜

せ࡛ࠋࡿ࠶⌧ᅾ㛤Ⓨࡀ㐍ࡢࢼࢸࢡࣞࡿ࠸࡚ࢀࡽࡵධຊ

⪏ 㟁 ຊ ࡣ ࠊ ࢔ ࣥ ࢸ ࢼ ཷ 㟁 㠃 ✚ ࡛ ᥮ ⟬ ࡍ ࡿ ࡜

1200mW/cm2 㟁࡟㞟୰ⓗ࡟୰ኸ௜㏆ࡢ㟁㠃ཷࠊࡾ࠶࡛

ຊࢆᨺᑕࢼࢸࢡࣞࠊࡕࢃ࡞ࡍࠋ࠸࡞ࡁ࡛ࡣ࡜ࡇࡿࡍᯟ

ෆ࡚࠸࠾࡟㟁ຊࡢᆒ୍໬࠺⾜ࢆᚲせࢡࣞࠊࡓࡲࠋࡿࡀ

ࡢ⣲Ꮚࢼࢸ RF-DC ኚ᥮ຠ⋡ࡣධຊᙉᗘ౫Ꮡᛶࡗࡶࢆ

ධຊࡢ⣲Ꮚࢼࢸࢡࣞྛ࡚࠸࠾࡟㟁㠃ཷ࢖ࣞ࢔ࠊࡾ࠾࡚

ᙉᗘࡢᕪࡀ኱࠸ࡁሙྜࢼࢸࢡࣞྛࡣ࡟⣲Ꮚ᭱ࡀ㐺ኚ᥮

ຠ⋡࡛ືస࢖ࣞ࢔ࠊࡎࡏ඲యࡢ࡚ࡋ࡜ኚ᥮ຠ⋡ࡢపୗ

ࡢ࡚ࡋ࡜࢖ࣞ࢔ࡢࢼࢸࢡࣞࠊ࡚ࡗࡀࡓࡋࠋࡿࡀ࡞ࡘ࡟

ไ⣙᮲௳ࡿ࠶࡛ࢺࢵࣛࣇࡀ࣮ࣥࢱࣃ࣒࣮ࣅࠊࡶࡽ࠿᪉

ࠋ࠸ࡋࡲᮃࡀ  
㏦㟁㊥㞳 6 m 㟁㟁ຊᐦཷࡢḟඖཷ㟁㡿ᇦ୍ࡿࡅ࠾࡟

ᗘࠊ࡜ࣇࣛࢢࡢ㏦㟁᮲௳࡚ࡋ࡜せồࡿࢀࡉᨺᑕ࣮ࢱࣃ

ᅗࢆࣥ 2 ࠊ㡿ᇦࢼࢸࢡࣞࠊࢆḟඖཷ㟁㡿ᇦ୍ࠋࡍ♧࡟

ࡢ㡿ᇦእࢻ࣮࢞ࠊ㡿ᇦࢻ࣮࢞ 3 ୍ࠋࡿࡅศ࡟㡿ᇦࡢࡘ

ḟඖཷ㟁㡿ᇦࡢ୰ᚰࡢࡽ࠿㊥㞳ࢆ xࠊx ࢕ࢸࣥ࢖࣏ࡢ࡛

ࢆࡉࡁ኱ࡢࣝࢺࢡ࣋ࢢࣥ S(x)ࢼࢸࢡࣞࠋࡿࡍ࡜⠊ᅖࢆ

íȕࡽ࠿� ȕ ࡚࠸࠾࡟ゎᯒࡢ௨㝆ࠊࡋ࡜ 2ȕ�= 1.2 m ୍࡛ᐃ

ࡀ㟁ຊᐦᗘ࡚࠸࠾࡟⠊ᅖࡢࡇࠋࡿࡍ࡜ Į ࣛࣇࡤࢀ࡞࡜

ࠊ࠾࡞ࠋࡿࡁᙧᡂ࡛ࡀ࣮ࣥࢱࣃࡢᆒ୍㟁ຊᐦᗘ࡞ࢺࢵ

ࡀࣝࣉࣜࡢ㒊ศࢺࢵࣛࣇ 0.5dB ௨ෆ࡛ࣛࣇࠕࠊࡤࢀ࠶

ࡢ➃୧ࢼࢸࢡࣞࠋࡓࡋ࡟࡜ࡇࡿࡍ⩏ᐃ࡜ࠖࡿ࠶࡛ࢺࢵ

ࠊࡾ࠶㡿ᇦ࡛ࡍチࢆ⛣㑄ࡢ࣒࣮ࣅࣥ࢖࣓ࡣ࡜㡿ᇦࢻ࣮࢞

㜵 ㆤ ᣦ 㔪 ࡟ ᐃ ࡵ ࡽ ࢀ ࡚ ࠸ ࡿ Ᏻ ඲ ᇶ ‽ 㟁 ຊ ᐦ ᗘ 1 
mW/cm2 ࢡࣞࢆ㡿ᇦࡢࡇࠋࡿࡍ࡜㡿ᇦ࠸ࡼࡶ࡚࠼㉸ࢆ

࡟➃୧ࢼࢸ 0.3 m ࡟እഃࡾࡼ㡿ᇦࢻ࣮࢞ࠋࡿࡅタࡘࡎ

ࡣ࡚࠸࠾ 1 mW/cm2 ࡽ࡞ࡤࢀࡅ࡞㟁ຊᐦᗘ࡛ࡿୗᅇࢆ

ᑡࡶࡾࡼ⥺⏺ቃࡢ࡜㡿ᇦእࢻ࣮࢞࡜㡿ᇦࢻ࣮࢞ࠋ࠸࡞

ࢆ⨨఩ࡢഃࢼࢸࢡࣞࡋ ȗ ࡢࡇࠋࡿࡍ࡜ ȗ ࡛⟭ィࡢᚋࡣ

ࠋࡿ࠸⏝  
௨ୖࡓࡋ♧࡟ 3 ࢔㏦㟁࡞࠺ࡼࡍࡓ‶ࢆ௳㏦㟁᮲ࡢࡘ

࿘Ἴᩘࠊ࡟ࡵࡓࡿࡍタィࢆࢼࢸࣥ 5.8 GHz ㏦࡚࠸࠾࡟
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㟁ࡢࢼࢸࣥ࢔ゎᯒࠋࡓࡗ⾜ࢆ  

 
ᅗ 2: ୍ḟඖྛࡿࡅ࠾࡟㡿ᇦ࡜せồࡿࢀࡉ㏦㟁᮲௳  

 

4. ࿘Ἴᩘ 5.8GHz ゎᯒࡢ࢖ࣞ࢔ࢼࢸࣥ࢔㏦㟁ࡢ  
㏦㟁ࢆࢼࢸࣥ࢔࢖ࣞ࢔࡚ࡋ࡜ࢼࢸࣥ࢔᥇⏝ࡇࡿࡍ

ᖹ࡟ࡵࡓࡿࡍタィࢆ࢖ࣞ࢔ࢼࢸࣥ࢔ࡢᆺⷧࠋࡓࡋ࡜࡜

㠃ࢆࢼࢸࣥ࢔ࢳࢵࣃࡿ࠶࡛ࢼࢸࣥ࢔᥇⏝5.8ࠋࡓࡋGHz
ᅗࢆࢼࢸࣥ࢔ࢳࢵࣃࡓࡋタィ࡚࠸࠾࡟ 3 ࣥ࢔ࠋࡍ♧࡟

ࡋ࡜ᇶᯈࠊ࡛࡜ࡇࡿࡍ࡜Ẽᒙ✵ࢆ㛫ࡢࢻࣥࣛࢢ࡜ࢼࢸ

࡚ㄏ㟁యࡵࡓ࠸࡞࠸⏝ࢆㄏ㟁ᦆኻࢆኻࠊࡁ࡛ࡀ࡜ࡇࡍࡃ

⤖ᯝⓗ࡟ᨺᑕຠ⋡ࡧࡼ࠾฼ᚓࢆ኱ࡁ࡛ࡀ࡜ࡇࡿࡍࡃࡁ

ࡾࡀ࡞ࡘࡶ࡟ㄏ㟁◚ቯ㜵Ṇࡤࢀ࠶Ẽᒙ࡛✵ࠊࡓࡲࠋࡿ

ࢼࢸࣥ࢔ࡢࡵࡓࡢ࣒ࢸࢫࢩᮏ࠺ᢅࢆ㟁ຊࡢkW ⣭ࠊ[2]

タィ࡚࠸࠾࡟㐺ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࡋᅗ 3 ࢳࢵࣃࡢ

⦪ࢆࢼࢸࣥ࢔ 32 ⣲Ꮚ�ᶓ 32 ⣲Ꮚ࡟࠺ࡼࡿ࡞࡜㓄ิࠊࡋ

ᅗ 4 ⾲ࠋࡓࡋタィࢆࢼࢸࣥ࢔࢖ࣞ࢔ࢳࢵࣃ࡞࠺ࡼࡢ 1
఩ࡣ⣲Ꮚࢼࢸࣥ࢔ྛࠋࡍ♧ࢆㅖඖࡢࢼࢸࣥ࢔࢖ࣞ࢔࡟

ࠋࡓࡋ࡜ࡢࡶࡿࡁ࡛ࡀ࡜ࡇࡿࡏࡉኚ໬ࢆ᣺ᖜ࡜┦  

 
ᅗ 3: 5.8GHz ᑍἲࡢࢼࢸࣥ࢔ࢳࢵࣃࡢ⏝  

 

 
ᅗ 4: 5.8GHz ࡢ⏝ 1024 ⣲Ꮚ ࢼࢸࣥ࢔࢖ࣞ࢔(32�32)  

⾲ 1: ㏦㟁ࡢࢼࢸࣥ࢔࢖ࣞ࢔ㅖඖ  
࿘Ἴᩘ  5.8 GHz 
㢮✀ࡢࢼࢸࣥ࢔  ┤⥺೫Ἴ᪉ᙧࢳࢵࣃ  
⣲Ꮚᩘࢼࢸࣥ࢔  1024 (32�32) 
⛣┦ჾ  5 ࢺࢵࣅ  
ບ᣺᣺ᖜ  5 ࢺࢵࣅ  
⣲Ꮚ㓄⨨  ᅄゅ㓄⨨  
⣲Ꮚ㛫㝸  4.14 cm (0.8Ȣ ) 
㏦㟁㟁ຊ  10 kW 

 

4.1. 㑇ఏⓗ䜰䝹䝂䝸䝈䝮䜢⏝䛔䛯᭱㐺໬  
㏦㟁᮲௳࡛♧ࡓࡋ 3 㡯┠ࢆ‶㊊ࢆ࣒࣮ࣅ࡞࠺ࡼࡿࡍ

ᙧᡂ1024ࠊ࡟ࡵࡓࡿࡍ ⣲Ꮚࡢ఩┦࣭᣺ᖜࡢィ⟬ࡗ⾜ࢆ

ࡣ┦఩ࡢࢼࢸࣥ࢔࢖ࣞ࢔ࠋࡓ 5 ࠶࡛⬟ไᚚྍ࡛ࢺࢵࣅ

ࡶ࡚࠸ࡘ࡟᣺ᖜࠊࡓࡲࠋࡓࡋ࡜ࡿ 5 ࡿࡍไᚚ࡛ࢺࢵࣅ

఩┦࣭᣺ᖜ࡛ྜィࠋࡓࡋ࡜ࡢࡶ 10 ࠊࡵࡓࡿ࠶࡛ࢺࢵࣅ

୍⣲Ꮚࡾࡓ࠶ 210 ㏻ࡢࡾ఩┦࣭᣺ᖜࢆฟຊ࡛࡜ࡇࡿࡁ

1024ࠋࡿ࡞࡟ ⣲Ꮚࡢ࡚࡭ࡍ⣲Ꮚࡀ 10 ⬟ไᚚྍࢺࢵࣅ

ࠊࡵࡓࡿ࠶࡛ (210)1024Ҹ103000 ㏻ࡢࡾᨺᑕࡢ࣮ࣥࢱࣃ⤌

ࡳ⤌࡞኱⭾ࡢࡇࠊ᫬㛫ⓗไ⣙ୖࠋࡿࡍᏑᅾࡀࡏࢃྜࡳ

㏲ࢆゎࡿࡁᙧᡂ࡛ࢆ࣒࣮ࣅࢺࢵࣛࣇࠊࡽ࠿୰ࡢࡏࢃྜ

ḟ᥈⣴࡞࠺ࡼࡢᡭἲ࡛᥈⣴ࡣࡢࡿࡍᅔ㞴࡛ࡢࡇࠋࡿ࠶

ィ⟬᫬㛫ࡀ㐺໬ᡭἲ᭱ࡃᇶ࡙࡟Ꮫⓗ᪉ἲ⛉⌮ᩘ࡟࠺ࡼ

ไ⣙ࡸィ⟬✵㛫ไ⣙ࡽ࠿ᚲࡶࡋࡎᐜ᫆࡟ゎ࡛ࡀ࡜ࡇࡃ

ࠊ࡚ࡋ࡜᪉ἲࡿᚓࢆ㐺ゎ࡚᭱࠸ࡘ࡟ၥ㢟ࡢᐃ≉࠸࡞ࡁ

ࡀ࡜ࡇࡿ࠶᭷ຠ࡛ࡀ࣒ࢬࣜࢦࣝ࢔ࢡࢵ࢕ࢸࢫ࣮ࣜࣗࣄ

ᗈࡃㄆࢬࣜࢦࣝ࢔ࢡࢵ࢕ࢸࢫ࣮ࣜࣗࣄࠋࡿ࠸࡚ࢀࡽࡵ

࠶ࠊࡀ࠸࡞ࡣ࡛ࡅࢃࡿࡅᑟࢆ࠼⟆࠸ࡋṇࡎᚲࠊࡣ࡜࣒

᪉ࡿฟ᮶ࡀ࡜ࡇࡿᚓࢆゎ࠸㏆࡟ṇゎ࡛ࣝ࣋ࣞࡢᗘ⛬ࡿ

ἲࠋࡿ࠶࡛࡜ࡇࡢᮏ◊✲ࠊࡣ࡚࠸࠾࡟ᮏ◊✲ࣉ࣮ࣝࢢ

⦼ᐇࡓ࠸⏝ࢆ࣒ࢬࣜࢦࣝ࢔㑇ఏⓗ࡚࠸࠾࡟✲◊⾜ඛࡢ

ࡋ៖⪄ࢆ࡜ࡇࡿ࠶ࡀ ࣝ࢔ࢡࢵ࢕ࢸࢫ࣮ࣜࣗࣄࢱ࣓ࠊ[3]

ࠊ࡚࠸⏝ࢆ࣒ࢬࣜࢦࣝ࢔㑇ఏⓗࡿ࠶࡛✀୍ࡢ࣒ࢬࣜࢦ

㐺໬᭱ࡢບ᣺఩┦࣭᣺ᖜࡃ࡭ࡍᙧᡂࢆ࣒࣮ࣅࢺࢵࣛࣇ

ࢀࡉ⏝ඛ⾜◊✲࡛฼ࠊࡣ࡛✲◊ᮏࠊࡓࡲࠋࡓࡗ࡞⾜ࢆ

ࠊ୰࡛ࡢᡭἲࡿ࠸࡚ࢀࡲྵ࡟࢔࢙࢘ࢺࣇࢯࡓ࠸࡚

SPEA2 ࡜࿧ࡿࢀࡤᡭἲࡓࡋ࡟࡜ࡇࡿ࠸⏝ࢆ ࠋ[4]  
㑇ఏⓗࡣ࡜࣒ࢬࣜࢦࣝ࢔⏕≀㐍໬ࡿࡅ࠾࡟㑇ఏࡢ

ࠋ୍ࡿ࠶࡛࡜ࡇࡢ㐺໬ᡭἲ᭱ࡓࡋ⏝ᛂࢆ᪉࠼⪄ ⯡ⓗࠊ࡟

1 ኚᩘࢆ㑇ఏᏊ࡜࿧࡟ิࢺࢵࣅࡿࢀࡤኚ᥮ࠊࡋከኚᩘ

ᰁࡢࡇࠋࡿࡍᵓᡂࢆᰁⰍయ࡚ࡏࢃྜࡳ⤌ࢆࢀࡇሙྜࡢ

Ⰽయ࡟㐍໬㐣⛬ࡢ✺↛ኚ␗ࠊ஺ཫࡢ࡝࡞୙つ๎ࢵࣅ࡞

㐺᭱࡟኱ᇦⓗࡘ࠿ຠ⋡ⓗࠊࡾࡼ࡟࡜ࡇࡍࡇ㉳ࢆኚ໬ࢺ

ゎࢆ᥈⣴࠺࠸࡜ࡿࡁ࡛ࡀ࡜ࡇࡿࡍ≉ᚩࠊࡾ࠶ࡀከᓠᛶ

᫂ࠊࡓࡲࠋࡍ♧ࢆ⬟㐺໬ᛶ᭱࠸㧗࡚ࡋᑐ࡟ၥ㢟࠸ᙉࡀ

♧ⓗ࡞໙㓄᝟ሗࢆᚲせ࠸࡞ࡋ࡜᥈⣴ἲ࡛ࠊࡵࡓࡿ࠶㐺

ษ࡞ホ౯㛵ᩘࡢタᐃࡤࢀࡁ࡛ࡀ㠀⥺ᙧ㛵ᩘࡸ୙㐃⥆࡞

㛵ᩘ᭱ࡢ࡝࡞㐺໬ၥ㢟࡟㐺⏝ྍ⬟࡛ࡿ࠶ ࠋ[5]  
ຠ⋡ⓗ࡞᥈⣴࠼࠸ࡣ࡜ࡿࡁ࡛ࡀ 103000 ㏻ྜࡳ⤌ࡢࡾ
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஧ḟඖࠊ࡛ࡇࡑࠋࡿ࠶኱࡛⭾ࡣࡏࢃ 1024 ⣲Ꮚ࡛᭱㐺໬

⾜ࢆ㐺໬࡚᭱ࡆୗࢆḟඖ࡟ḟඖ୍ࠊࡃ࡞ࡣ࡛ࡢ࠺⾜ࢆ

ḟඖ୍ࠊ࠾࡞ࠋࡓࡋ࡟࡜ࡇ࠺ 32 ⣲Ꮚ࡛ࡢゎࢃྜࡳ⤌ࡢ

ࡣࡏ (210)32=1096 ㏻୍ࠋࡿ࡞࡜ࡾḟඖ࡛᭱㐺໬ࡇ࠸⾜ࢆ

ࡼ࡟࡜ࡇࡿࡍᣑᙇ࡟஧ḟඖࢆ఩┦ศᕸࡿࢀࡽᚓࡾࡼࢀ

ࡅ࠾࡟ḟඖ୍ࠋࡓࡋ࡜࡜ࡇࡿᚓࢆ஧ḟඖ఩┦ศᕸ࡚ࡗ

ࠋࡍ♧࡟௨ୗࢆⓗ㛵ᩘ┠ࡿ  
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ᅗ 2 ࡓࡋ♧࡛ ȕ ࢆ 0.6 m 㟁ࡿࡅ࠾࡟⠊ᅖࡢࡇࠊࡋ࡜

ຊᐦᗘ Į ࡜ S(x) ࡢ஧஌ㄗᕪྜィࢆ ML ࢃ࡞ࡍࠋࡿࡍ࡜

MLࠊࡕ 㡯࡛ࡿࡍᐤ୚࡟໬ࢺࢵࣛࣇࡢࣈ࣮ࣟࣥ࢖࣓ࡣ

ᅗࠊࡓࡲࠋࡿ࠶ 2 ࢆȝࡓࡋ♧࡛ 0.75 m m 0.75ࠊࡋ࡜ ࡼ

ࡿࡅ࠾࡟⠊ᅖࡢእഃࡾ S(x)ࡢ࿴ࢆ SL ࠊࡕࢃ࡞ࡍࠋࡿࡍ࡜

SL ࣛࣇࡣ Pfࠋࡿ࠶㡯࡛ࡿࡍᐤ୚࡟ᢚไࢆ୙せᨺᑕࡣ

Ptࠊ㟁ຊ࿴࡛ࡿࡅ࠾࡟㒊ศࢺࢵ 㟁ࡢḟඖ㡿ᇦ඲య୍ࡣ

ຊ࿴ࠋࡿ࠶࡛࡜ࡇࡢȘ ఏ㏦ຠࠊࢀࡉ⾲ẚ࡛ࡢࡽࢀࡇࡣ

ࡧࡼ࠾ࠊSLࠊMLࠋࡿ࠶㡯࡛ࡢ⋠ Ș ㊊࡚ࡋࢆࡅ௜ࡳ㔜࡟

ホ౯㛵ᩘࢆࡢࡶࡓࡋ SUM ࠋ᭱ࡿࡍ࡜ 㐺໬ࡾࡼ࡟ホ౯㛵

ᩘ SUM ᭱ࢆᑠ໬࡚࠸࠾࡟ࢼࢸࢡࣞࠊ࡛࡜ࡇࡿࡍ S(x)
ࡀ Į ࠊࣞࡋ཰᮰࡟ ࡚࠸࠾࡟ᯟእࢼࢸࢡ ཰࡟ࣟࢮࡀ��]�6

᮰ࠊࡓࡲࠋࡿࡍఏ㏦ຠ⋡ࡀ኱ࡿ࡞ࡃࡁ᪉ྥ࡟཰᮰ࠋࡿࡍ

ᶓ㍈ࠊࡣ࡚ࡋ㛵࡟ุ᩿ࡢ࠿࠺࡝࠿ࡿ࠸࡚ࡋ཰᮰ࠊ࠾࡞

ホ౯㛵ᩘ࡟㍈⦪ࠊィ⟬ୡ௦ᩘ࡟ SUM ᐃᛶࠊ࡚ࡋ࡜್ࡢ

ⓗ࡟ぢ࡚ホ౯㛵ᩘࡢࣇࣛࢢࡢഴࡀࡁ᫂࡟࠿ࡽኚ໬࡚ࡋ

ୡࡓࡗࡶࢆ⿱༓ୡ௦⛬ᗘవᩘ࡟ࡽࡉࠊࡽ࠿ែ≦࠸࡞࠸

௦ᩘ࡛ィ⟬ࢆ⤊஢ࠋࡿ࠸࡚ࡋ఩┦࣭᣺ᖜึ࣒ࢲࣥࣛࡣ

ᮇ್࡚᭱ࡋ࡜㐺໬ࠋࡓࡗ࡞⾜ࢆ  
 

4.2. 㑇ఏⓗ䜰䝹䝂䝸䝈䝮᭱㐺໬䛻䜘䜛୍ḟඖ䛾ゎ

ᯒ⤖ᯝ  
 ㏦㟁㊥㞳 6 m ࡓࢀࡽᚓࡾࡼ࡟㐺໬᭱ࠊ࡟ሙྜࡓࡋ࡜

఩┦࣭᣺ᖜศᕸࢆᅗ 5 ᨺᑕࡢࡁ࡜ࡢࡇࠊࡓࡲࠋࡍ♧࡟

ᅗࢆ࣮ࣥࢱࣃ 6 ྛࠊࡣ࡟⟭ィࡢ࣮ࣥࢱࣃᨺᑕࠋࡍ♧࡟

⣲Ꮚࡢࡽ࠿㟁⏺ࢆࣝࢺࢡ࣋㔜࡚ࡏࢃྜࡡィ⟬ࡿࡍ㟁⏺

ྜᡂἲࠋࡓ࠸⏝ࢆᅗ 6 ᖜࡿ࠶⠊ᅖ࡛ࡢࢼࢸࢡࣞࠊࡾࡼ

1.2 m ࢀࡉᙧᡂࡀ࣮ࣥࢱࣃᨺᑕ࡞ࢺࢵࣛࣇࠊ࡚࠸࠾࡟

ࡣࣝࣉࣜࡢ㒊ศࢺࢵࣛࣇࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ 0.3 dB
ࡗࡲ཰࡟㡿ᇦෆࢻ࣮࢞ࡀࣈ࣮ࣟࣥ࢖࣓ࡓࡲࠋࡓࡗ࡞࡜

ࡀࣈ࣮ࣟࢻ࢖ࢧࠊࡽࡀ࡞ࡋ࠿ࡋࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚

Ᏻ඲ᇶ‽ 1 mW/cm2 ࣟࢻ࢖ࢧࡾࡼࠊࡵࡓࡿ࠸࡚࠼㉸ࢆ

ࠋࡿ࠶ࡀᚲせࡿࡅࡘぢࢆゎ࡞㐺ษࡿࡁᢚไ࡛ࢆࣈ࣮  
 

 
ᅗ 5: ୍ḟඖ᭱㐺໬ࡾࡼ࡟ᚓࡿࢀࡽ఩┦࣭᣺ᖜศᕸ  

 

 
ᅗ 6: ୍ḟඖ᭱㐺໬ࡾࡼ࡟ᚓࡿࢀࡽᨺᑕ࣮ࣥࢱࣃ  

 

4.3. ஧ḟඖ䜈䛾ᣑᙇ  
ḟ୍࡟ḟඖ᭱㐺໬ࡾࡼ࡟ᚓࡓࢀࡽ఩┦࣭᣺ᖜศᕸࢆ

஧ḟඖ࡟ᣑᙇࠋࡿࡍ⦪᪉ྥ୍ࡢḟඖ 32 ⣲Ꮚ㓄ิ࠸࠾࡟

ࠊྛ࡚ ⣲Ꮚࡢບ᣺఩┦ࢆ șnࠊບ᣺㟁ຊࢆ An ࠊ࡜ࡿࡍ࡜

ྛ⣲Ꮚࡣᘧ (7)୰ࠊࡓࡲࠋࡿࢀࡉ⾲࡟࠺ࡼࡢࣝࢺࢡ࣋⦪ࡢ

ᶓ᪉ྥ୍ࡢḟඖ 32 ⣲Ꮚྠࡶ࡚࠸࠾࡟ᵝࠊྛ࡟ ⣲Ꮚࡢບ

᣺఩┦ࢆȭ nࠊບ᣺㟁ຊࢆ Bn ࠊ࡜ࡿࡍ࡜ᘧ (7)୰ࡢᶓ࣋

1024ࠋࡿࢀࡉ⾲࡟࠺ࡼࡢࣝࢺࢡ ⣲Ꮚࡢ࡬ᣑᙇ࡚࠸ࡘ࡟

࡚ࡋ࡜✚ࡢࣝࢺࢡ࣋ᶓ࡜ࣝࢺࢡ࣋⦪ࡢࡽࢀࡇࠊࡣ 32
⣲Ꮚ�32 ⣲Ꮚࢆิ⾜ࡢᚓ್ࡢࡇࠊ࡛ࡢࡿࡁ࡛ࡀ࡜ࡇࡿ

ࣝࢺࢡ࣋ᶓࠊ௒ࠋ࠸ࡼࡤࢀࡍ࡜఩┦࣭᣺ᖜࡢ⣲Ꮚྛࢆ

ᅗ࡟ࡶ࡜ࣝࢺࢡ࣋⦪ࡧࡼ࠾ 5 ࠸⏝ࢆ఩┦࣭᣺ᖜศᕸࡢ

Anࠊ࡛ࡢࡿ �= Bnࠊșn =ȭ n (n = 1, 2, …, 32)࡛ࠋࡿ࠶  
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ᚓࡓࢀࡽ఩┦࣭᣺ᖜศᕸࢆᅗ ᅗࡧࡼ࠾ࠊ7 8 ࠋࡍ♧࡟

ᅗࢆ࣮ࣥࢱࣃ஧ḟඖᨺᑕࡿࡼ࡟㟁⏺ྜᡂἲࡢࡁ࡜ࡢࡇ

9 ᅗࠋࡍ♧࡟ 9 ࠺ࡼ࠺ྜ࡟≦ᅄゅᙧࡢࢼࢸࢡࣞࠊࡾࡼ

ࡣ⋠ఏ㏦ຠࡢࡁ࡜ࡢࡇࠋࡿࡁ࡛ࡀ࡜ࡇࡿࡳࢆศᕸ࡞

ࡣᖹᆒ㟁ຊᐦᗘࡢ㒊ศ࡛ࢺࢵࣛࣇࠊ73.2% 508 mW/cm2

‽Ᏻ඲ᇶࡀࣈ࣮ࣟࢻ࢖ࢧࠊ࠾࡞ࠋࡓࡗ࡞࡜ 0 dBmW/cm2

ࠋࡿࢀࡉㄆ☜ࡀ࡜ࡇࡿ࠸࡚࠼㉸ࢆ  
 

 
ᅗ 7: ஧ḟඖᣑᙇ࡚ࡋᚓࡿࢀࡽ఩┦ศᕸ  

 

 
ᅗ 8: ஧ḟඖᣑᙇ࡚ࡋᚓࡿࢀࡽ᣺ᖜศᕸ  

 

ᅗ 9: ㏦㟁㊥㞳 6m ࡿࡅ࠾࡟஧ḟඖ㟁ຊศᕸ  
 

4.4. ఏ㏦㊥㞳ኚ໬䛻క䛖ఏ㏦ຠ⋡䛾ኚ໬  
㏦㟁㊥㞳ࢆ 2 m ࡽ࠿ 10 m ࡛ࡲ 1 m 㛫㝸࡛ኚ᭦ࡏࡉ

ࠋࡓࡗ⾜ࢆẚ㍑ࡢ⋠ఏ㏦ຠࡢ࣒࣮ࣅࢺࢵࣛࣇࡢሙྜࡓ

ఏ㏦ຠ⋡ࡢኚ໬ࢆᅗ 10 ࠾࡟㏦㟁㊥㞳ྛࠊ࠾࡞ࠋࡍ♧࡟

ẚ㍑ࠋࡓࡗ⾜ࢆ㐺໬᭱ࡿࡼ࡟࣒ࢬࣜࢦࣝ࢔㑇ఏⓗ࡚࠸

ⓗ㏆ഐࡢ 2 m ࡽ࠿ 4 m ࡀ⋠ఏ㏦ຠࡣ࡚࠸࠾࡟ ㉸ࢆ80%

ࡶ࡚࠸࠾࡟ẚ㍑ⓗ㐲᪉ࠊࡾ࠾࡚࠼ ࡿ࠸࡚ࡋᣢ⥔ࢆ60%

㏦㟁㊥㞳ࠊࡓࡲࠋࡿ࠿ࢃࡀ࡜ࡇ 3 m ࡀ⋠ຠ࡛ࢁࡇ࡜ࡢ

పୗࠊࡀࡿ࠸࡚ࡋཎᅉࠊࡣ࡚ࡋ࡜㏆ഐ⏺࡛ࡵࡓࡿ࠶ᚲ

ⓗ┠ࠊ࡜ࡇ࠸࡞ࡋኚ໬ࡀ⋠ఏ㏦ຠ࡚ࡌᛂ࡟㊥㞳ࡶࡋࡎ

㛵ᩘࠊ࡜ࡇࡿ࡞␗ࢀࡒࢀࡑࡀ㑇ఏⓗࡢ࣒ࢬࣜࢦࣝ࢔≉

ᛶ࠼ࡺᚲࡶࡋࡎⰋዲ࡞ゎࡀᚓࡀ࡝࡞ࠊ࡜ࡇ࠸࡞ࢀࡽᣲ

㏦ྛࡾࡼ࡟せᅉ࡞ࠎᵝࡢࡽࢀࡇࠊࡕࢃ࡞ࡍࠋࡿࢀࡽࡆ

㟁㊥㞳࡚ࡗࡼ࡟ᕪࠊࢀࡲ⏕ࡀ⤖ᯝⓗ࡟㐲᪉⏺࡛ࢀࡽࡳ

᥎࡜࠸࡞ࢀ⌧ࡀఏ㏦ຠ⋡ኚ໬ࡓࡋẚ౛࡟㊥㞳࡞࠺ࡼࡿ

ࠋࡿࡁ࡛   
 

 
ᅗ 10: ┠ᶆ㏦㟁㊥㞳ࢆኚ໬ࡿࡏࡉሙྜࡢఏ㏦ຠ⋡ࡢኚ

໬  
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5. A-METLAB ᐇ㦂ࡓ࠸⏝ࢆ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇ  
࡚࡭㏙࡚࠸ࡘ࡟ゎᯒࡿࡼ࡟ィ⟬ᶵᐇ㦂ࡣ࡛ࡲࡇࡇ

࡝࠿ࡿࢀࡽᚓࡀ࣒࣮ࣅࢺࢵࣛࣇ࡟ᐇ㝿ࡣᮏ⠇࡛ࠋࡓࡁ

࢖࣐㧗ᗘࡢி㒔኱Ꮫ⏕Ꮡᅪ◊✲ᡤࠊࡵࡓࡿࡍド᳨࠿࠺

ఏ㏦ᐇ㦂Ჷ࣮ࢠࣝࢿ࢚Ἴࣟࢡ A-METLAB (Advanced 
Microwave Energy Transmission LABoratory)࡟ᑟධࢀࡉ

ࡢ࣒࣮ࣅࢺࢵࣛࣇࠊ࡚࠸⏝ࢆ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇࡿ࠸࡚

ᐇドᐇ㦂ࢆ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇࡓ࠸⏝ࠋࡓࡗ࡞⾜ࢆᅗ 11
ᅗࢆᣑ኱ᅗࡢ㒊ศࢼࢸࣥ࢔ࠊ࡟ 12 ࢆᐃ⎔ቃ ࠋࡍ♧࡟

ᅗ 13 ⾲ࢆㅖඖࡢ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇࠋࡍ♧࡟ 2 ࠋࡍ♧࡟

఩┦ࡣ࡚࠸ࡘ࡟ 5 ࡟᣺ᖜࠊࡀࡿ࠶࡛⬟ไᚚྍ࡛ࢺࢵࣅ

㏦㟁ࠋࡿ࠸࡚ࡗ࡞࡜඲⣲Ꮚ➼᣺ᖜࡎࡁไᚚ࡛ࡣ࡚࠸ࡘ

㊥㞳ࢆ 6.45 m ࣮ࢱࣃᨺᑕࡿࢀࡽᚓࡾࡼゎᯒࠊࡋタᐃ࡜

ࠋࡓࡗ⾜ࢆẚ㍑ࡢ࣮ࣥࢱࣃᨺᑕࡿࢀࡽᚓࡾࡼᐇ㦂࡜ࣥ  

 

ᅗ 11: 256 ⣲Ꮚ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇ  
 

 
ᅗ ᣑ኱ᅗࡢ㒊ศࢼࢸࣥ࢔ :12  

 
⾲ 2: A-METLAB ㅖඖࡢ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇ  

࿘Ἴᩘ  5.8 GHz 
㢮✀ࡢࢼࢸࣥ࢔  ྑ᪕෇೫Ἴ෇ᙧࢳࢵࣃ  
⣲Ꮚᩘࢼࢸࣥ࢔  256 
⛣┦ჾ  5 ࢺࢵࣅ  
ບ᣺᣺ᖜ  ඲⣲Ꮚ➼᣺ᖜ  
⣲Ꮚ㓄⨨  ṇ୕ゅ㓄⨨  
⣲Ꮚ㛫㝸  4.42 cm 
㏦㟁㟁ຊ  1.9 kW 

 

ᅗ 13:  ᐃ⎔ቃࠊ㏦㟁ཷࠊࢼࢸࣥ࢔㟁ࢼࢸࣥ࢔  
 

5.1. 㑇ఏⓗ䜰䝹䝂䝸䝈䝮䜢⏝䛔䛯᭱㐺໬  
ࡢࡵࡓࡿࡍᙧᡂࢆ࣒࣮ࣅࢺࢵࣛࣇࠊࡎࡲ 256 ⣲Ꮚࡢ

఩┦ࡢィ⟬ࡢ࢖ࣞ࢔ࢻࢬ࣮࢙ࣇࠋࡓࡗ⾜ࢆ఩┦ࡣ 5 ࣅ

ࠊ୍ࡵࡓࡿ࠶࡛⬟ไᚚྍ࡛ࢺࢵ ⣲Ꮚࡾࡓ࠶ 32 ㏻ࡢࡾ఩

256ࠋࡿ࡞࡟࡜ࡇࡿࡁฟຊ࡛ࢆ┦ ⣲Ꮚࡢ࡚࡭ࡍ⣲Ꮚࡀ 5
ࠊࡵࡓࡿ࠶࡛⬟ไᚚྍࢺࢵࣅ (25)256Ҹ10385 ㏻ࡢࡾᨺᑕ

࡛ࡀ᥈⣴࡞ຠ⋡ⓗࠋࡿࡍᏑᅾࡀࡏࢃྜࡳ⤌ࡢ࣮ࣥࢱࣃ

࠼࠸ࡣ࡜ࡿࡁ 10385 ࠊ࡛ࡇࡑࠋࡿ࠶኱࡛⭾ࡣࡏࢃྜࡳ⤌ࡢ

஧ḟඖ 256 ⣲Ꮚ࡛᭱㐺໬୍ࠊࡃ࡞ࡣ࡛ࡢ࠺⾜ࢆḟඖ࡟

ḟඖࢆୗ࡚᭱ࡆ㐺໬ࡢࡑࠋࡓࡋ࡟࡜ࡇ࠺⾜ࢆ㝿256ࠊ
⣲Ꮚ୕ࡢゅ㓄⨨256ࠊࢆ ⣲Ꮚࡢᅄゅ㓄⨨࡜௬ᐃࠊ࡜ࡿࡍ

16 ⣲Ꮚ�16 ⣲Ꮚࡁ࡛ࡀ࡜ࡇࡿ࠼⪄࡜ࡿ࠶࡛࢖ࣞ࢔ࡢ

ࠋ୍ࡿ ḟඖࡢ 16 ⣲Ꮚࠊ୍࠼⪄ࢆ ḟඖ࡛᭱㐺໬ࡇ࠸⾜ࢆ

ࡼ࡟࡜ࡇࡿࡍᣑᙇ࡟஧ḟඖࢆ఩┦ศᕸࡿࢀࡽᚓࡾࡼࢀ

ⓗ┠ࡢḟඖ୍ࠋࡓࡋ࡟࡜ࡇࡿᚓࢆ஧ḟඖ఩┦ศᕸ࡚ࡗ

㛵ᩘࢆ௨ୗࠊ࠾࡞ࠋࡍ♧࡟఩┦࣭᣺ᖜ࡟ࡶ࡜ኚ໬ࡏࡉ

ሙࡢ㐺໬᭱ࡢࡅࡔ┦఩ࠊ࡚࡭ẚ࡟ሙྜࡿࡁ࡛ࡀ࡜ࡇࡿ

ホ౯㛵ᩘࠊࡵࡓ࠸ࡋ㞴ࡀ໬ࢺࢵࣛࣇࡣ࡟ྜ SUM ࠸࠾࡟

࡚ ML ಀᩘ࡟ 1000 ࠋࡓࡗ⾜ࢆ㐺໬࡚᭱ࡅ௜ࢆࡳ㔜ࡢ  
 

)10(1000

)9()m7.0(.......).........(

)8()m6.0m6.0...())(( 2

ࠉࠉࠉࠉࠉࠉࠉࠉࠉࠉ

ࠉࠉࠉࠉࠉ

ࠉࠉ

SLMLSUM

xxSSL

xxSML

x

x

� 

d 

dd�� 

¦

¦ D

 
㏦㟁ࡣࢼࢸࣥ࢔ඛ࡟㏙୍࡟࠺ࡼࡓ࡭ḟඖࡢ 16 ⣲Ꮚ

ᅗࠊࡀࡿ࠼⪄ࢆ 12 ⨨ṇ୕ゅ㓄ࡀ⣲Ꮚ㛫㝸࡟࠺ࡼࡍ♧࡟

࡞␗ࡀ⣲Ꮚ㛫㝸ࡣᆶ┤᪉ྥ࡛࡜Ỉᖹ᪉ྥࠊࡵࡓࡿ࠶࡛

⾲ࡣỈᖹ᪉ྥࠊࡕࢃ࡞ࡍࠋࡿ࠿ࢃࡀ࡜ࡇࡿ 2 ࡓࡋ♧࡛

⣲Ꮚ㛫㝸ࡢ 4.42 cm ⣲࡟ᨃఝⓗࡣᆶ┤᪉ྥࠊࡀࡿ࡞࡜

Ꮚ㛫㝸ࢆỴᐃࡿࡍᚲせࠋࡿ࠶ࡀᅗ 12 ᆶࠊ࡟࠺ࡼࡍ♧࡟

┤᪉ྥࡢᨃఝⓗ࡞⣲Ꮚ㛫㝸ࢆ 3.83 cm ࠋࡓࡋ࡜  
ᐇ㦂࡚࠸࠾࡟㏦㟁㊥㞳ࢆ 6.45 m ࢱࣃᨺᑕࡿࡅ࠾࡟

࠸࠾࡟⟭ィࠊࡵࡓࡓ࠸࡚ࡋணᐃࢆ࡜ࡇࡿࡍᐃ ࢆ࣮ࣥ
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㏦㟁㊥㞳ࡶ࡚ 6.45 m ࢆ㐺໬࡚᭱ࡋ௬ᐃࢆሙྜࡓࡋ࡜

┦఩࡟ࡶ࡜ᆶ┤᪉ྥࡧࡼ࠾Ỉᖹ᪉ྥࠊ࠾࡞ࠋࡓࡗ࡞⾜

ࠋࡓࡋ࡜ᮇ್ึ࣒ࢲࣥࣛࢆᮇ್ึࡢ  
Ỉᖹ᪉ྥ࡟㛵࡚᭱ࡋ㐺໬ࡾࡼ࡟ᚓࡓࢀࡽ఩┦ศᕸ

ᅗࢆ 14 ࢱࣃᨺᑕࡿࡼ࡟㟁⏺ྜᡂἲࡿࡲồࡾࡼࢀࡇࠊ࡟

ᅗࢆ࣮ࣥ 15 ࡶ࡚ࡋ㛵࡟ᆶ┤᪉ྥࠊ࡟ᵝྠࡓࡲࠋࡍ♧࡟

఩┦ศᕸࢆᅗ 16 ᅗࢆ࣮ࣥࢱࣃᨺᑕࠊ࡟ 17 ᅗࠋࡍ♧࡟

15 ᅗࡧࡼ࠾ 17 ࡟ࡶ࡜ᆶ┤᪉ྥࡧࡼ࠾Ỉᖹ᪉ྥࠊࡾࡼ

ࡉᙧᡂࡀ࣮ࣥࢱࣃ࡞ࢺࢵࣛࣇ࡚࠸࠾࡟⠊ᅖࡢࢼࢸࢡࣞ

ࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࢀ  
 

 
ᅗ 14: Ỉᖹ᪉ྥࡢ఩┦࣭᣺ᖜศᕸ  

 

 
ᅗ 15: Ỉᖹ᪉ྥ୍ࡢḟඖᨺᑕ࣮ࣥࢱࣃ  

 

 
ᅗ 16: ᆶ┤᪉ྥࡢ఩┦࣭᣺ᖜศᕸ  

 

 
ᅗ 17: ᆶ┤᪉ྥ୍ࡢḟඖᨺᑕ࣮ࣥࢱࣃ  

 
ᅗ 14 ᅗ࡜ 16 ఩┦ศᕸࡢᆶ┤᪉ྥࡧࡼ࠾Ỉᖹ᪉ྥࡾࡼ

ᘧ࡟ᵝྠ࡜ඛࠊ࡟ࡵࡓࡿࡍᣑᙇ࡟஧ḟඖࠋࡓࡗࡲồࡀ

ᅗࢆ఩┦ศᕸࡓࡗࡲồࠋࡓࡗ࡞⾜ࢆᣑᙇ࡚࠸⏝ࢆ(7) 18
ᨺࡿࡼ࡟㟁⏺ྜᡂἲࡿࢀࡽᚓࡾࡼࢀࡇࠊࡓࡲࠋࡍ♧࡟

ᑕࢆ࣮ࣥࢱࣃᅗ 19 ᅗࠋࡍ♧࡟ 19 ࠾࡟࣮ࣥࢱࣃᨺᑕࡢ

ࡣ⋠ఏ㏦ຠࠊ࡚࠸ ࠋࡿ࡞࡜23.1%  

 
ᅗ 18: 256 ⣲Ꮚࡢ఩┦ศᕸ  

 

 
ᅗ 19: ఩┦ศᕸࡾࡼᚓࡿࢀࡽ஧ḟඖᨺᑕ࣮ࣥࢱࣃ  
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5.2.  ᐃ⤖ᯝ  
 ᅗ 13 ࢆᅇ㌿ྎࠊ࡚࠸࠾࡟ᐃタഛ ࡢ -40 ᗘࡽ࠿ 40
ᗘ࡛ࡲỈᖹ᪉ྥ࡟ᅇ㌿୍ࠊࡏࡉḟඖࡢᨺᑕࡢ࣮ࣥࢱࣃ

 ᐃࠋࡓࡗ࡞⾜ࢆ ᐃ⤖ᯝࢆᅗ 20 ᅗࠋࡍ♧࡟ 20 ࠊࡣ࡟

㑇ఏⓗࡢ࡛࣒ࢬࣜࢦࣝ࢔ィ⟬ᡭἲ࡛ࡿ࠶㟁⏺ྜᡂἲࡢ

Ỉᖹ᪉ྥ୍ḟඖᨺᑕࡧࡼ࠾ࠊ࣮ࣥࢱࣃ㟁☢⏺࣑ࣞࣗࢩ

ࢱ࣮ HFSS ࣮ࢱࣃỈᖹ᪉ྥ୍ḟඖᨺᑕࡓࢀࡽࡵồࡾࡼ

ࠋࡍ♧࡚ࡏేࢆࣥ  
 ᐇ㦂್࡜ HFSS ࡛࡜ࣈ࣮ࣟࢻ࢖ࢧ࡜ࣈ࣮ࣟࣥ࢖࣓ࡣ

ࢾࠋࡿ࠿ࢃࡀ࡜ࡇࡿ࠸࡚ࡋ⮴୍ࡃࡼ࡟㠀ᖖࡀᴫᆺ࡟ࡶ

ࣝⅬࠊࡾ࠾࡚ࡋ⮴୍ࡰ࡯ࡶ ᐃ࡟㝿ࡢ࡚ࡋ㊥㞳ࡸ఩⨨

࠸࠾࡟㟁㠃୰ኸཷࠋࡿࢀࡽ࠼⪄࡜ࡓࡗ࠿ࡉᑠࡣㄗᕪࡢ

ࡢ㟁⏺ྜᡂἲࡾ࠾࡚ࡗ࡞ࡃࡁ኱ࡀ㟁ຊᙉᗘ࡟࠿ࡎࢃ࡚

ࣇࡣ≦ฝᙧࡢࡑࠊࡀ࠸࡞࠸࡚ࡗ࡞ࡣ࡟ࢺࢵࣛࣇ࡟࠺ࡼ

ࡀᕪࡢᑠ್᭱࡜኱್᭱ࡿࡅ࠾࡟㒊ศࢺࢵࣛ 0.8 dB ⛬
ᗘ࡟཰ࠋࡿ࠸࡚ࡗࡲᐇ㦂࡜ HFSS ࡛ࡣᴫᆺࡀⰋ୍ࡃ⮴

࢙ࣇࡢᐇ㦂ࠊࡣࡢࡿࡌ⏕ࡀᕪ࡟࠿ࡎࢃ᪉୍࡛ࡿ࠸࡚ࡋ

ࡣ࡟࢖ࣞ࢔ࢻࢬ࣮ ࡞ㄗᕪࡳ㎸ࡵ୸ࡢჾ┦⛣ࢺࢵࣅ 5

ၥ㢟ࡢ᪉ࡢ HFSSࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡿ࠶ࡀ࡝

Ⅼࠊࡣ࡚ࡋ࡜ゎᯒ᫬࡟༑ศ཰᮰ࡼ࠾ࠊ࡜ࡇ࠸࡞࠸࡚ࡋ

GAࠊࡓࡲࠋࡿࢀࡽࡆᣲࡀ࡝࡞໬ㄗᕪࣝࢹࣔࡧ ᭱㐺໬

ࡀ㟁⏺ྜᡂἲࡿ࠸࡚࠸⏝࡛ HFSS ࡸᐇ㦂್ࡢ⤖ᯝ࡜␗

ᨺᑕࡢᘧᩘࡿ࠸⏝࡟㟁⏺ྜᡂἲࡣࢀࡇࠊࡀࡿ࠸࡚ࡗ࡞

⏺㏆ఝᘧࠊ࡜HFSS ࡧࡼ࠾ᐇ㦂ࡿ࠸⏝࡟ᨺᑕ⏺࡟ᕪࡀ

㏦ࡣ࡟ᐇ㝿ࠊࡕࢃ࡞ࡍࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡵࡓࡿ࠶

㟁࡚࠸࠾࡟ࢼࢸࣥ࢔┦஫⤖ྜࠊ࡚࠸࡚ࡌ⏕ࡀHFSS ࡛

ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠸࡚ࢀࢃ⾜ࡀゎᯒࡓࡋ៖⪄ࢆࢀࡑࡣ

ࡧࡼ࠾ᐇ㦂್ࠊ࠾࡞ HFSS ࡢ≦⌧࡚࠸࠾࡟ 0.8 dB ࡢ
 HFSSࠊࡣሙྜࡍᣦ┠ࢆ໬ࢺࢵࣛࣇ࡟ࡽࡉࡾࡼࣝࣉࣜ
࡛ィ⟬ࡓࡋᨺᑕࢆ࣮ࣥࢱࣃ㑇ఏⓗࡢ࣒ࢬࣜࢦࣝ࢔ィ⟬

ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶ࡀᚲせࡿࡍࢡࢵࣂࢻ࣮࢕ࣇ࡟  
 

 
ᅗ 20: ᐇ㦂ࡧࡼ࠾ゎᯒࡢỈᖹ᪉ྥ୍ḟඖᨺᑕ࣮ࣥࢱࣃ  

6. ⤖ㄽ  
㏦㟁᮲௳࡛♧ࡓࡋ 3 㡯┠ࢆ‶㊊ࡿࡍᨺᑕࢆ࣮ࣥࢱࣃ

ồ࡟ࡵࡓࡿࡵ㑇ఏⓗࡓ࠸⏝ࢆ࣒ࢬࣜࢦࣝ࢔ບ᣺఩┦࣭

᣺ᖜ᭱ࡢ㐺໬୍ࠋࡓࡗ⾜ࢆḟඖ᭱㐺໬࡛ᚓࡓࢀࡽ఩

┦࣭᣺ᖜ୍ࢆḟඖࢆࣝࢺࢡ࣋ࡢࡇࠊࡋ࡜ࣝࢺࢡ࣋᥃ࡅ

ࠊᯝ⤖ࡓࡗ࡞⾜ࢆᣑᙇࡢ࡬஧ḟඖࡾࡼ࡟࡜ࡇࡿࡏࢃྜ

 5.8ࠋࡓࡁ࡛ࡀ࡜ࡇࡿᚓࢆ࣮ࣥࢱࣃᆒ୍㟁ຊ࡛ࢼࢸࢡࣞ
GHzࢼࢸࣥ࢔ࠊ⣲Ꮚᩘ ㏦㟁㊥㞳ࠊ 1024 6 mࢼࢸࢡࣞࠊ

1.2 m ゅࡢ᮲௳ࡁ࡜ࡢఏ㏦ຠ⋡ ࠿ࡋࠋࡓࡗ࡞࡜73.2%

ࠊࡵࡓ࠸࡞ࡣ༑ศ࡛ࡀᢚไࡢࣈ࣮ࣟࢻ࢖ࢧࠊࡽࡀ࡞ࡋ

ࡗ࠿ศࡀ࡜ࡇ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ᥈⣴ࢆゎ࡞㐺ษࡾࡼ

ࠋࡓ  
ィ⟬ᶵᐇ㦂ࠊࡃ࡞࡛ࡅࡔᐇ㝿ࢆ࣒࣮ࣅࢺࢵࣛࣇ࡟ᙧ

ᡂ᳨࡛࠿ࡿࡁドࠊ࡟ࡵࡓࡿࡍᐇᶵࡓ࠸⏝ࢆᐇドᐇ㦂ࢆ

ࡢᐃ್ ࠊHFSSࠊ㟁⏺ྜᡂἲࠋࡓࡗ⾜ 3 ࢱࣃᨺᑕࡢࡘ

࣮ࣅࢺࢵࣛࣇ࡟ᐇ㝿ࠊࢀࡽぢࡀ⮴୍࠸Ⰻ࡚࠸࠾࡟࣮ࣥ

ࠋࡓࡁ࡛ࡀ࡜ࡇࡿࡍᙧᡂࢆ࣒  
  

7. ㅰ㎡  
ᩘ್ィ⟬ࡣி㒔኱Ꮫ⏕Ꮡᅪ◊✲ᡤࡢඹྠ฼⏝◊✲

⨨㟁Ἴ⛉Ꮫィ⟬ᶵᐇ㦂⿦࡚ࡋ࡜ࢺࢡ࢙ࢪࣟࣉ (KDK) 
ࠋࡓࢀࢃ⾜࡚࠸⏝ࢆ  

 
㑇ఏⓗྠࠊࡣ࣒ࣛࢢࣟࣉࡢ࣒ࢬࣜࢦࣝ࢔ᚿ♫኱Ꮫᕤ

Ꮫ㒊▱㆑ᕤᏛ⛉▱ⓗࣥ࢖ࢨࢹ࣒ࢸࢫࢩ◊✲ᐊࡀ㛤Ⓨࡋ

ࠋࡓࡋ⏝౑ࢆ࣒ࣛࢢࣟࣉ࣒ࢬࣜࢦࣝ࢔ከ┠ⓗ㑇ఏⓗࡓ  
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