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ಙ࠸࡞࠸࡚ࡗ࡞⾜ࢆ㛫㏦㟁࡛ࡇ࠺⾜ࢆ㏦㟁ࣟࢡ࣐Ἴࡀ㏻ಙᖸ΅ࡎࡏ㟁ຊࢆ౪⤥ࡇࡿࡍᡂຌࡓࡋ㸬

ࡣ⋠㟁㟁ຊ⏝ຠཷࡢࡢࡑ ࣥࢲ࣮ࣆࣥධຊࡢࡑ࡚ࡋᑐධຊ㟁ᅽࡢ㟁ᅽᏳᐃᅇ㊰ࡣࢀࡇ㸬ࡓࡋ⌧ᐇࢆ27.5%

㸪RF-DCࡵࡓࡿࡍኚࡀࢫ ᩚὶᅇ㊰᭱ࡢ㐺㈇Ⲵࡇࡿࢀࡎࡽ㉳ᅉࡿࡍ㸬࡛ࡇࡑ๓ᅇ㸪ຠ⋡ࡢᨵၿࡢࡵࡓࡿࡍࢆ

ཷ㟁⨨ࢆᨵⰋ᳨࡚࠸ࡘウࡓࡗ⾜ࢆ㸬ᅇ㸪᳨ ウࡓࡋᅇ㊰ࡢ 1 ᑕἼ⏝ᆺࡿ࠶࡛ࡘ RF-DC ᩚὶᅇ㊰ࢆసᡂࡋホ

౯ࡓࡗ⾜ࢆ㸬RF-DC ᩚὶᅇ㊰༢య᭱ࡢ㐺㈇Ⲵࡾࡼప࠸㈇Ⲵ⠊ᅖ࡚࠸࠾ຠ⋡ࡢᨵၿࡀぢࡓࢀࡽ㸬᭦㟁ᅽᏳᐃᅇ

㊰ࡧࡼ࠾㈇ⲴࢆᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰᥋⥆ࡋ㸪㛫Ḟࣟࢡ࣐Ἴࢆධຊཷࡋ㟁㟁ຊ⏝ຠ⋡ࢆ ᐃࡓࡋ㸬⤖

ᯝཷ࡚ࡋ㟁㟁ຊ⏝ຠ⋡ࡣ ࡾࡼᚑ᮶51.4% 23.9%ᨵၿࡓࡁ࡛ࡀࡇࡿࡍ㸬 
㸪ᑕἼ⏝ᆺࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࣡ ,Ἴ㟁ຊఏ㏦,  ZigBeeࣟࢡ࣐  ࢻ࣮࣮࣡࢟ RF-DC ᩚὶᅇ㊰ 
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Abstract  Battery problems of a wireless sensor device including its lifetime and exchange cost are serious obstacles to 
constructing a wireless sensor network. In the previous study we realized to drive a ZigBee device, which is compatible with a 
wireless sensor network, by intermittent microwave power transmission while the ZigBee device kept participating in the 
communicational network. However, the conversion efficiency from receiving power to ZigBee consumption was only 27.5%. 
The low efficiency was caused by a gap between the actual load of the RF-DC rectifier and its optimal load because the input 
voltage of a stable output circuit affected its input impedance. The objective of the present study is the improvement of 
receiving equipment in order to realize high RF-DC efficiency between the wide range of output load. We created a RF-DC 
rectifier with reflection which we had investigated. We also measured the RF-DC efficiency of the RF-DC rectifier with 
reflection. We found this circuit drove with higher efficiency between the range of low resistance than a single RF-DC rectifier. 
Therefore, we conducted an experiment that an intermittent power supply microwave input to the RF-DC rectifier with 
reflection, which is connected to  the stable output circuit and an output load. As the result the efficiency from receiving 
power to the consumption power of the output load was 55.7%, which was higher than the previous study by 28.2 points.  

Keyword  Microwave Power Transmission, ZigBee, Wireless Sensor Network, RF-DC rectifier with reflection 
 
1. ◊✲⫼ᬒ࣭┠ⓗ  

࠾㏵⏝࡞ࠎᵝࡣࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࣡

࡞ࢸࣜࣗ࢟ࢭࡸࢱࢽࣔࡢ㸪 ᗘࡾ࠾࡚ࢀࡉ┠ὀ࡚࠸

ࡿ࠸࡚ࢀࡉ⏝ᛂ➼࣒ࢸࢫࢩ⌮⟶ࡢ [1]㸬↓⥺㏻ಙࢆ

๐ࡀࢺࢫࢥ⥺㓄࡛ࡇࡿࡏࡉ㟁ụ㥑ືࡶࡿ࠸⏝

ῶ࡛ࡁ㸪タ⨨ሙᡤࡢኚ᭦ࡶ᭷⥺ࡾࡼపࡇ࠺⾜࡛ࢺࢫࢥ

ࡇࡿࡍಖ☜ࢆ※㟁ࡵࡓࡢ㸪㟁ụ㥑ືࡓࡲ㸬ࡿࡁ࡛ࡀ

ࡃ㸪ከࡋࡋ㸬ࡿ࡞⬟ྍࡶ⏝㐠ࡢሙᡤ࡛࠸ࡋ㞴ࡀ

࡛ࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࣡ࡘᣢࢆᮎ➃ࢧࣥࢭࡢ

ࡓࡿ࡞ᚲせࡀ㟁ụࡢ࡚ࡋᑐᶵჾࡢࢀࡒࢀࡑࡣ

⥺↓㸪࡛ࡇࡑ㸬ࡿࡍቑࡀࢺࢫࢥ⏝㐠ࡿࡼࢀࡑ㸪ࡵ

㟁ຊఏ㏦ࡾࡼ➃ᮎࡢ㟁※ࢆ☜ಖࢼࢸ࣓࡛ࣥࡇࡿࡍ

ࡇࡿࡁᵓ⠏࡛ࢆࢡ࣮࣡ࢺࢵࢿࢧࣥࢭ࠸㏆࣮ࣜࣇࢫࣥ

㸬ࡿࢀࡉᮇᚅࡀ  
ᮏ◊✲࡛ࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࣡ࡣ㐺ࡋ

ࡿ࠶つ᱁࡛⥺↓ࡓ ZigBee ࢆᦚ㍕ࡓࡋ➃ᮎࢡ࣐ࡢ

ࣟἼ↓⥺㟁ຊఏ㏦࠺⾜ࢆ㸬ࡢ࡛ࡲࢀࡇ◊✲࡛㏦㟁࣐

㏻ಙࡿࡍᑕ↷ᮎ➃ࢧࣥࢭ㐃⥆ⓗࢆἼࣟࢡ

ࡓࡗ࠶ࡀᚲせࡿ࠼ᢚࢆ㏦㟁㟁ຊࡵࡓࡿࡍ΅ᖸ

[2] 㸬ZigBee ➃ᮎࡣ㛫Ḟⓗ㏻ಙࡵࡓ࠺⾜ࢆ㸪ᡃࡣࠎ
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㏻ಙ࠸࡞࠸࡚ࡋࢆ㛫㏦㟁ࣟࢡ࣐Ἴࢆ↷ᑕࡇࡿࡍ

࡛㸪ZigBee ➃ᮎ㛫ࡢ㏻ಙࢆጉᐖࡎࡏせồ㟁ຊࢆ౪⤥

ࡓࡋᡂຌࡇࡿࡍ [3]㸬  
㸪ZigBeeࡋࡋ ➃ᮎ୍ᐃࡢ㟁ᅽࢆ༳ຍࡢࡵࡓࡿࡍ

㟁ᅽᏳᐃᅇ㊰ࡢධຊࡀࢫࣥࢲ࣮ࣆࣥධຊ㟁ᅽᑐ

㐺᭱ࡢὶᅇ㊰ᩚࡵࡓࡢࡑ㸬ࡓࡗ࠶ࡀၥ㢟ࡿࡍኚື࡚ࡋ

㈇Ⲵࢀࡎࡽ㸪RF-DC ኚຠ⋡ࡀపୗࡓࡋ㸬ᚑ࡚ࡗᮏ

࠸࠾㈇Ⲵ⠊ᅖ࠸ᗈࡾࡼ㸪ࡋᨵⰋࢆ⨨㟁ཷࡣ࡛✲◊

࡚㧗ຠ⋡ືࡢసࢆᐇ⌧ࢆࡇࡿࡍ┠ᣦࡍ㸬  
 

2. ཷ㟁࣒ࢸࢫࢩ  
ZigBee ➃ᮎ࡚ࡋᮏ◊✲࡛ࡣ TOCOS 〇 TWE-001

ホ౯㛤Ⓨࡓ࠸⏝ࢆࢺࢵ࢟㸬ZigBee ࢆࢡ࣮࣡ࢺࢵࢿࡣ

⤫ᣓࡿࡍ ZC ➃ᮎ୰⥅ᶵ⬟ࢆᣢࡘ ZR ➃ᮎ㸪୰⥅ᶵ⬟

࠸࡞ࡓᣢࢆ ZED ➃ᮎࡿ࠶ࡀ㸬࠾࡞㸪ᮏ◊✲࡛ࡣ 1
ࡢྎ ZED ➃ᮎ㏦㟁࠺⾜ࢆ㸬ࡢࢺࢵ࢟ ZED ➃ᮎࡣ 2.7 
V ࡽ 3.6 V ࣥධຊࡧ㸪ᾘ㈝㟁ຊཬࡋ㟁ᅽ࡛ືసࡢ

ཧຍ࡛ࢡ࣮࣡ࢺࢵࢿ㸪ࡣࢫࣥࢲ࣮ࣆ 9.46 mW ཬࡧ

�����N�㸪㠀ཧຍ࡛ 61.8 mW ཬࡧ ����� 㸬ZEDࡿ࠶࡛
➃ᮎࡣ୰⥅ࢱ࣮ࢹࡵࡓ࠸࡞ࢃ⾜ࢆ㏦ಙ௨እࣉ࣮ࣜࢫ

ࡋ㸬ࡿࡁ࡛ࡀࡇࡿࡍࡃࡉᑠࢆᾘ㈝㟁ຊ࡛ࡇࡿࡍ

࣡ࢺࢵࢿࡣែ࡛≦࠸࡞࠸࡚ࡋཧຍࢡ࣮࣡ࢺࢵࢿ㸪ࡋ

ୖⓗ୍ࡀᾘ㈝㟁ຊࡵࡓࡢࡁ⥆ᡭࡿࡍཧຍࢡ࣮

㸬ࡿࡍ᪼  
ཷ㟁ࡣ࣒ࢸࢫࢩᅗ 1 ཬࢼࢸࣥ㸪ཷ㟁࠺ࡼࡍ♧

ࡧ RF-DC ᩚὶᅇ㊰࡛㛫Ḟⓗࣟࢡ࣐࡞Ἴཷࢆ㟁࣭ᩚὶ

ࡾࡼ㸪㟁ᅽᏳᐃᅇ㊰ࡋ ZigBee ➃ᮎ┤ὶ㟁ຊࢆ౪

㸬ࡿࡍ⤥  

 

ᅗ 1: ཷ㟁࣒ࢸࢫࢩ  
 
 

㟁ᅽᏳᐃᅇ㊰ࡣධຊẁ㟁⏝ࡘࡶࢆࢱࢩࣃࣕ࢟

㝆ᅽᆺ DC-DC 㸬DC-DCࡿࢀࡉᵓᡂ࡛ࢱ࣮ࣂࣥࢥ ࣥࢥ

ไᚚࡢࢱ࣮ࣂ IC ࡣ Texas Instruments 〇ࡢ TPS62120
ࡣ㸬ධຊ㟁ᅽ⠊ᅖࡓࡋ⏝ࢆ 2.8 V ࡽ 9.6 V ࡛ฟຊ㟁

ᅽࡀ 2.7 V ࡽ 3.6 V 㸬ࡓࡋタィࢆᅇ㊰࠺ࡼࡿ࡞  
ᅇ㊰ࡢࡇ 149 Ȑࡢ㈇Ⲵࢆ᥋⥆ࡋ㸪ධຊ┤ὶ㟁ᅽ

ᑐࡿࡍ㟁ᅽᏳᐃᅇ㊰ࡢධຊࢆࢫࣥࢲ࣮ࣆࣥ ᐃࡋ

ࡓ [4]㸬⤖ᯝࢆᅗ 2 ධࡶቑຍࡢ㸬ධຊ㟁ᅽࡍ♧

ຊࡀࢫࣥࢲ࣮ࣆࣥቑຍࡋ㸪᭱ ᑠ࡛ 149 ȍ㸪᭱ ࡛ 1138 
ȍ ࡢ㈇Ⲵᢠࡾࡲࡘ㸬ࡓࡗ࠶࡛ 1 ಸࡽ 7.6 ಸ࡛ࡲኚ

ࡓࡋ㸬  
௨๓⾜ࡓࡗ㟁ຊ౪⤥ᐇ㦂࡛ࡣ㸪ZED ➃ᮎࡢ㉳ື

ࡑࡼ࠾ࡣ⋠㟁㟁ຊ⏝ຠཷࡿࡅ࠾ ࡓࡗ࠶27.5%࡛ [3]㸬
⏝ࡓࡋ RF-DC ᩚὶᅇ㊰᭱ࡣ㐺㈇Ⲵࢆ᥋⥆᭱ࡿࡍ

࡛ 㸪㟁ᅽᏳᐃᅇ㊰༢యࡓࡲ㸬ࡓࡗ࠶࡛⋠ຠࡢ65%

⠊ᅖෆ࡛ࡢධຊ㟁ᅽࡿࡍᐃࡣ࡛ 75%௨ୖࡢຠ⋡࡛࠶

ࡣ⋠㟁㟁ຊ⏝ຠཷ࡚ࡗ㸬ᚑࡓࡗ 40%⛬ᗘぢ㎸ࢀࡲ

ࡀ⋠ຠࡣ㸪ᐇ㝿ࡀࡓ 13%⛬ᗘᝏࡓࡋ㸬㛫Ḟࢡ࣐

ࣟἼ㟁ຊఏ㏦࡛ࡣ㟁⏝ࢱࢩࣃࣕ࢟༳ຍࡿࢀࡉ㟁ᅽ

ධຊ࡚ࡋᑐ㸪ධຊ㟁ᅽࡵࡓࡢࡑ㸬ࡿࡍኚືᖖࡀ

㸪RF-DCࡋኚᖖࡀࢫࣥࢲ࣮ࣆࣥ ᩚὶᅇ㊰᭱ࡢ㐺㈇

Ⲵࡿࡼࢀࡎࡢኚຠ⋡ࡢపୗࡀཎᅉࡿࢀࡽ࠼⪄㸬 
 

 
ᅗ 2: 㟁ᅽᏳᐃᅇ㊰ࡢධຊࢫࣥࢲ࣮ࣆࣥ  

 

3. ཷ㟁⨨ࡢᨵⰋ  
๓ᅇࡢሗ࿌࡛ཷࡣ㟁⨨ࡢኚຠ⋡ᨵၿࡾࡓ࠶ 2

✀㢮ࡢᅇ㊰᳨ࡢウࡓࡗ⾜ࢆ [4]㸬ᅇ㸪᳨ウ࠺ࡓࡗ⾜ࢆ

ᑕἼ⏝ᆺࡢࡕ RF-DC ᩚὶᅇ㊰࡚࠸ࡘタィࡼ࠾

ࡣ㸬タィࡓࡗ⾜ࢆసᡂ㸪ホ౯ࡧ Agilent Technology
〇ࡢᅇ㊰ࢱ࣮࣑ࣞࣗࢩ Advanced Design System ࠸⏝ࢆ

ࡢ㸪༢యࡎࡲ㸬ࡓ RF-DC ᩚὶᅇ㊰࡚࠸ࡘ㏙㸪ḟ

㸰ᩚࡢࡘὶᅇ㊰࡛ᵓᡂࡓࡋᑕἼ⏝ᆺ RF-DC ᩚὶ

ᅇ㊰࡚࠸ࡘ㏙ࡿ㸬  
 

3.1. RF-DC ᩚὶᅇ㊰  
RF-DC ᩚὶᅇ㊰ࢺࣥࣕࢩࣝࢢࣥࢩࡣᆺࡇࡿ࠸⏝ࢆ

ᆺࢺࣥࣕࢩࣝࢢࣥࢩ㸬ࡓࡋ RF-DC ᩚὶᅇ㊰ࢹࣔࡢ

ࣝᅗࢆᅗ 3 ཬࢱࣝࣇධຊࡢⅭࡢྜᩚࡣࢀࡇ㸬ࡍ♧

࢜ࢲࢺࣥࣕࢩࡢ⏝㸪ᩚὶࢧࣥࢹࣥࢥࢢࣥࣜࣉࢵ࢝ࡧ

ࣇ㸬ฟຊࡿࢀࡉᵓᡂࡽࢱࣝࣇฟຊࡢ⏝㸪ᖹࢻ࣮

ᵓ࡛ࢱࢩࣃࣕ࢟ᖹἼ㛗⥺㊰୍ࡢᅄศࡣࢱࣝ

ᡂࡿࢀࡉ㸬ࡽࢻ࣮࢜ࢲฟຊࢆࢱࣝࣇぢ㎸ࡔࢇ

㛤ᨺ㸪അ㧗ࡣወ㧗ㄪἼ࡛ࡧࡼ࠾ᇶᮏἼࡣࢫࣥࢲ࣮ࣆࣥ
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ㄪἼ࡛⤡▷ࡣぢࡵࡓࡿࡏ࡞㸪ࡢࡇᅇ㊰ࡣἼᩚὶ࡛

ືసࡿࡍ㸬ࡓࡲ㸪ࡣࢻ࣮࢜ࢲ F ⣭ືసࡿ࠸࡚ࡋぢ

ศᕸᐃᩘ⥺㊰ࡾࢃ௦ࡢࢱࢩࣃࣕ࢟㸪ᖹࡵࡓࡿࡏ࡞

ࡢ F ⣭㈇Ⲵࡿࡁ࡛ࡀࡇࡿ࠸⏝ࢆ [5]㸬ᚑ࡚ࡗ㸪ᮏ◊✲

ࡢศᕸᐃᩘ⥺㊰ࡢࡇࡣ࡛ F ⣭㈇Ⲵࡓ࠸⏝ࢆ㸬  
సᡂࡓࡋ RF-DC ᩚὶᅇ㊰ࢆᅗ 4 ࡣ㸬ᇶᯈࡍ♧

Arlon 〇ࡢ AD1000 ⾲ࢆᵝࡢ㸪ᇶᯈ࠾࡞㸬ࡓ࠸⏝ࢆ 1
㟁ᅽࣥ࢘ࢲࢡ࣮ࣞࣈࡣࢻ࣮࢜ࢲ㸬ࡍ♧ 15 V ࡢ

Avago 〇ࡢ HSMS2820 ࡀ㸬᭱㐺㈇Ⲵࡓ࠸⏝ࢆ 470 ȍ 

࿘ࡢἼࣟࢡ࣐㏦㟁ࡿࡍ㸬ධຊࡓࡗ⾜ࢆタィ࠺ࡼࡿ࡞

Ἴᩘࢆ 2.45 GHz ࡿ࠶࡛ࢱࣝࣇ㸬ฟຊࡓࡋ F ⣭㈇Ⲵ

ࣇ㸬ฟຊࡓࡗ⾜ࢆタィ࡚ࡋ៖⪄ࢆ࡛ࡲ㸱ḟ㧗ㄪἼࡣ

➃ฟຊࡢࢱࣝ 470 ȍ ࣇฟຊࡢࡁࡓࡋ⥆᥋ࢆᢠࡢ

㸪ᅗࡣࢫࣥࢲ࣮ࣆࣥධຊࡢࢱࣝ 5 ᇶ࠺ࡼࡍ♧

ᮏἼ࡛ࡿ࠶ 2.45 GHz ࡣ࡛ 3.15+j4.29 kȍ㸪ࡓࡲ㸰ḟ㧗

ㄪἼࡢ 4.90 GHz ࡣ࡛ 0.26-j5.86 ȍ㸪㸱ḟ㧗ㄪἼࡢ 7.35 
GHz ࡣ࡛ 3.32–M�����Nȍ 㸪Fࡾ࡞ ⣭㈇Ⲵࡀᐇ⌧࡚ࢀࡉ

㸬ࡓࡁㄆ࡛☜ࡀࡇࡿ࠸  
సᡂࡓࡋ RF-DC ᩚὶᅇ㊰ࡢ RF-DC ኚຠ⋡ཬࡧ

ᑕ⋡ࡢ ᐃࡓࡗ⾜ࢆ㸬ࡎࡲ㸪㈇Ⲵ 470 ȍ ᥋ࢆᢠࡢ

ࢆ㸪ධຊ㟁ຊࡋ⥆ 1 mW ࡽ 270 mW ࡓࡏࡉኚ࡛ࡲ

ࡢ ᐃ⤖ᯝࢆᅗ 6 ࡀධຊ㟁ຊ㸪⦪㍈ࡀ㸬ᶓ㍈ࡍ♧

RF-DC ኚຠ⋡ཬࡧᑕ⋡࡛ࡿ࠶㸬ධຊ㟁ຊ 100 mW
௨ୖ࡛ RF-DC ኚຠ⋡ࡀ 70%௨ୖࡾ࡞㸪ඛ⾜◊✲ [2]
࡛సᡂࡓࢀࡉ RF-DC ᩚὶᅇ㊰᭱ࡢຠ⋡ ᅇୖࢆ65%

ࢆධຊ㟁ຊ㸬ḟࡓࡗ 110 mW ࡛ᅛᐃࡓࡋ㈇Ⲵࢆ

100 ȍ ࡽ 1.9 kȍ ᅗࢆᯝ⤖ࡢࡓࡏࡉኚ࡛ࡲ 7 ♧

㸬᭱ࡿ࠸࡚ࡗ࡞ࡉࡁࡢ㈇Ⲵࡣ㸬ᶓ㍈ࡍ 㐺㈇Ⲵࢆ 470 
ȍ 㸪400 ȍࡵࡓࡓࡗ⾜ࢆタィ࡚ࡋ ࡽ 1 kȍ ⠊ᅖ࡛ࡢ

70%๓ᚋࡢኚຠ⋡ࡓࡗ࡞㸬ࡢࡑ⠊ᅖࡿࡅ࠾ᑕ

ࡣ⋠ 5%௨ୗ࡛ࡀࡿ࠶㸪ࢀࡑ௨እࡢ⠊ᅖ㸪≉ 100 ȍ
ࡽ 300 ȍ ࡣࡓࡋ⥆᥋ࢆ㈇Ⲵࡢ࡛ࡲ 10%௨ୖࡢ

ᑕࡀⓎ⏕ࡓࡋ㸬  
 

 
ᅗ ᆺࢺࣥࣕࢩࣝࢢࣥࢩ :3 RF-DC ᩚὶᅇ㊰  

 
ᅗ 4: సᡂࡓࡋ RF-DC ᩚὶᅇ㊰  

 
⾲ 1: Arlon 〇 AD1000 ᵝࡢ  

ᮦ㉁ 㓄ྜࢡࢵ࣑ࣛࢭ࣭ࢫࣟࢡࢫࣛ࢞  PTFE 

ẚㄏ㟁⋡  10.35 

ㄏ㟁యཌ  0.8 mm 

㟁ゎ㖡⟩ཌ  18 ȝm 

ㄏ㟁ṇ᥋  0.0023 

 

ᅗ 5: タィࡓࡋ F ⣭㈇Ⲵࡢ࿘Ἴᩘ≉ᛶ㸦470 ȍ ᥋⥆㸧 

 

ᅗ 6: సᡂࡓࡋ RF-DC ᩚὶᅇ㊰ࡢධຊ㟁ຊ≉ᛶ  
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ᅗ 7: సᡂࡓࡋ RF-DC ᩚὶᅇ㊰ࡢ㈇Ⲵ≉ᛶ  

 

3.2. ᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰  
ᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰ࢱ࣮࣮ࣞࣗ࢟ࢧࡣ

ࡢᩘ「 RF-DC ᩚὶᅇ㊰࡛ᵓᡂࡿࢀࡉ [6]㸬ࡢࡑᴫᛕᅗ

ᅗࢆ 8 Ἴࣟࢡ࣐㏦㟁ࡓࢀࡉධຊᅇ㊰ࡢࡇ㸬ࡍ♧

ࡣ 1 㸬ࡿࢀࡉධຊᅇ㊰㸧࣮ࢱࢫ࣐ὶᅇ㊰㸦ᩚࡢ┠ࡘ

ࢆࢱ࣮࣮ࣞࣗ࢟ࢧࡣᑕἼࡓࡋ⏕ᅇ㊰࡛Ⓨ࣮ࢱࢫ࣐

㏻࡚ࡋ᪉ᩚࡢὶᅇ㊰㸦ࣈ࣮ࣞࢫᅇ㊰㸧࡛ᩚὶࢀࡉ

ࡀ㈇Ⲵࡓࢀࡉ⥆᥋ฟຊ࠺ࡼࡢ㈇Ⲵ≉ᛶࡢ㸬๓⠇ࡿ

ኚືࡁࡿࡍ㸪ᩚὶᅇ㊰༢య࡛ࡣᑕࡀⓎ⏕ࡿࡍ㸬ᚑ

ࡇࡿࡍὶᅇ㊰࡛ᩚὶᩚࡢูࡧࢆᑕἼࡢࡑ㸪࡚ࡗ

ࡿࡁᣢ࡛⥔ࡀ⋠㈇Ⲵ⠊ᅖ࡛㧗ຠ࠸ᗈࡾࡼ࡚ࡗࡼ

ணࡿࢀࡉ㸬࡛ࡇࡑ㸪๓⠇࡛సᡂࡓࡋ RF-DC ᩚὶᅇ

2 㸪ᑕἼ⏝ᆺࡋ⥆᥋୪ิࢆࡘ RF-DC ᩚὶᅇ㊰

ࡢ᪥ᮏ㧗࿘Ἴ〇ࡣࢱ࣮࣮ࣞࣗ࢟ࢧ㸬ࡓࡋᵓᡂࢆ

UC-SMA-1A2000 ࡢ⣲Ꮚࡓࡋ⏝㸬ᐇ㝿ࡓ࠸⏝ࢆ

2.45 GHz ࡣᤄධᦆኻࡿࡅ࠾ 0.26 dB㸪ࡓࡲᑕ⋡ࡣ

-27.7 dB㸪ࡣࣥࣙࢩ࣮ࣞࢯ 34.7 dB 㸬ࡓࡗ࠶࡛  
ᵓᡂࡓࡋᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰ 2.45GHz

࡛ධຊ㟁ຊ 113 mW 㸪㈇ⲴࡋධຊࢆἼࣟࢡ࣐㏦㟁ࡢ

ࢆ 10 ȍ ࡽ 1.9 kȍ ࡿࡅ࠾㈇Ⲵ⠊ᅖࡢ࡛ࡲ RF-DC
ኚຠ⋡ཬࡧᑕ⋡ࢆ ᐃࡓࡋ㸬ࡢࡑ⤖ᯝࢆᅗ 9 ♧

㸬ᅗࡍ 9 ࡚ࡋグ㍕ࡶ㈇Ⲵ≉ᛶࡢ༢యࡵࡓࡢẚ㍑ࡣ

ࡀ㸬㈇Ⲵࡿ࠶ 300 ȍ ࣈ࣮ࣞࢫ࡚࠸࠾⠊ᅖ࡞ࡉᑠࡾࡼ

ᅇ㊰ࡀᑕἼࢆᩚὶࡁ࡛ࡀࡇࡿࡍ㸪ᩚ ὶᅇ㊰༢య

㸬୍ࡓࡋᨵၿࡀ⋠ຠ࡚ẚ ᪉࡛㈇Ⲵࡀ 600 ȍ ࠼㉸ࢆ

㸪ຠࡎࡽࢃኚὶᅇ㊰༢యᩚࡣ⋠ᑕ࡚࠸࠾⠊ᅖࡿ

࡛᭱ࡣ⋠ 6.9%ᝏࡓࡋ㸬ຠ⋡ࡀᝏ࣮ࢧࡣࡢࡓࡋ

࡚ࡋὶᅇ㊰ᩚࡀᅇ㊰ࣈ࣮ࣞࢫࡸᦆኻࡢࢱ࣮ࣞࣗ࢟

ືస࠸࡞࠸࡚ࡋⅭ࣮ࢱࢫ࣐ᅇ㊰ࡽ㈇Ⲵ࡚ࡋぢ

 㸬ࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡢࡶࡿࡼᦆኻࡿࡼࡇࡓ࠼
 

 
ᅗ 8: ᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰  

 

ᅗ 9: ᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰ࡢ㈇Ⲵ≉ᛶ  
 

3.3. ᨵⰋ䛧䛯ཷ㟁⨨䜈䛾㛫Ḟධຊ䛻䛚䛡䜛ཷ

㟁㟁ຊ⏝ຠ⋡  
๓⠇࡛ホ౯ࡓࡋᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰ࡢฟ

ຊ➃ඛ⾜◊✲ ⏝㟁ࡓ࠸⏝࡛[3] 330 ȝF ࢥ㟁ゎࡢ

㟁ᅽᏳᐃᅇ㊰㸪ZEDࡓࡋᦚ㍕ࢆࢧࣥࢹࣥ ➃ᮎࡢ㉳

ືࡿࡅ࠾ᢠ 140 ȍ ᅗࢆ 10 ࡋ⥆᥋࠺ࡼࡍ♧

ཷ㟁⨨ࢆᶍᨃࡓࡋᅇ㊰ࢆᵓᡂࡓࡋ㸬ࡢࡇᅇ㊰㛫Ḟ

༳ຍࡀὶ㟁ᅽ┤࡚ࡋᏳᐃ㸪㈇ⲴࡋධຊࢆἼࣟࢡ࣐

㈇ࡢࡢࡑࡧࡼ࠾ᑠ㟁ຊ᭱ࡢἼࣟࢡ࣐㏦㟁ࡿࢀࡉ

Ⲵࡀᾘ㈝ࡿࡍ㟁ຊࡢྜ㸦ཷ㟁㟁ຊ⏝ຠ⋡㸧ࢆ ᐃ

ྠ㟁ຊ౪⤥ᐇ㦂ࡓࡗ⾜௨๓ࡣἼࣟࢡ࣐㸬㛫Ḟࡓࡋ

ᵝࢫࣝࣃ࿘Ἴᩘ 10 Hz㸪ࢸ࣮ࣗࢹẚ 0.4 㸬ࡓࡋ  
ᅗ 10 ᖹᆒ㟁ຊ࡚࠸࠾ᅇ㊰ࡢ 124 mW㸪ᑤ㢌㟁ຊ

310 mW ㈇ⲴࡁࡓࡋධຊࢆἼࣟࢡ࣐㏦㟁ࡢ

ᖹᆒ 3.11 V ࡢ㈇Ⲵ࡚ࡗ㸬ᚑࡓࢀࡉ༳ຍࡀὶ㟁ᅽ┤ࡢ

ᾘ㈝㟁ຊࡣ 69.1 mW ࡣ⋠㟁㟁ຊ⏝ຠཷࡽࡿ࠶࡛

✲◊⾜ඛࡾࡲࡘ㸬ࡿ࡞55.7% ⋠ຠࡿࡅ࠾[3] 27.5%
ࡽ ࡢࡢࡇ㸬ࡓࡁ࡛ࡀࡇࡿࡏࡉ28.2%ྥୖ RF-DC
ᩚὶᅇ㊰ࡢฟຊ㟁ᅽ V r fdc 㟁ᅽࡓࢀࡉ༳ຍ㈇Ⲵ

Vdcdc ᅗࢆ㛫Ἴᙧࡢ 11 㸬Vrࡍ♧ fdc ࣟࢡ࣐㏦㟁ࡣ

Ἴࡀධຊࡿࡍ᪼ୖࡁࡿ࠸࡚ࢀࡉ㸬㟁୰ࡢ㟁ᅽ

Vr fdc ࡧࡼ࠾ᐜ㔞ࡢࢱࢩࣃࣕ࢟⏝㟁ࡣ DC-DC ࣂࣥࢥ

ࡽࡉ㸪ࢫࣥࢲ࣮ࣆࣥධຊࡢࢱ࣮ RF-DC ᩚὶᅇ㊰
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㸬୍ࡿࢀࡉỴᐃ࡚ࡗࡼ㈇Ⲵ≉ᛶࡢ ᪉࡛㏦㟁ࣟࢡ࣐

Ἴࡀධຊࡣࡁ࠸࡞࠸࡚ࢀࡉ㟁⏝ࡀࢱࢩࣃࣕ࢟

ࢆ࣮ࢠࣝࢿ࢚ࡓ࠼ᨺ㟁ࡿ࠸࡚ࡋ㸬ᐇ㦂⤖ᯝࡽ Vr fdc 
ࡣ 5.24 V ࡽ 7.24 V ㄆ࡛☜ࡀࡇࡓࡋ⠊ᅖ࡛ኚືࡢ

㸬Vrࡓࡁ fdc 㸪ࡵࡓࡿ࠶ࡶධຊ㟁ᅽ࡛ࡢ㟁ᅽᏳᐃᅇ㊰ࡣ

ᅗ 2 ࠾ࡀࢫࣥࢲ࣮ࣆࣥධຊࡢ㟁ᅽᏳᐃᅇ㊰ࡾࡼ

ࡑࡼ 400 ȍ ࡽ 800 ȍ ࡛ኚືࡿ࡞ࡇࡓࡋ㸬ࡢࡇ

ࡶ࡚࠸࠾ὶᅇ㊰༢యᩚࡣኚື⠊ᅖࢫࣥࢲ࣮ࣆࣥ

60%௨ୖࡢኚຠ⋡࡛ືసࡿࡍ⠊ᅖ࡛ࡿ࠶㸬ᚑ࡚ࡗ㸪

ᅗ 8 ᑕἼ⏝ᆺࡢ RF-DC ᩚὶᅇ㊰ࡢ㒊ศࢆ RF-DC
ᩚὶᅇ㊰༢యࡁ⨨ࡓ࠼ሙྜࡶ㈇Ⲵ┤ὶ㟁ᅽ

㸪RF-DCࡋࡋ㸬ࡿࢀࢃᛮࡿࡁ࡛⤥౪ࢆ ᩚὶᅇ㊰

༢య࡛ࡣ㸪ᖹᆒධຊ㟁ຊ 124 mW ࡞Ᏻᐃ㈇Ⲵࡁࡢ

┤ὶ㟁ຊࢆ౪⤥ࡓࡗ࡞ࡁ࡛ࡣࡇࡿࡍ㸬ᩚ ὶᅇ㊰ࡀ

㧗ຠ⋡࡛ືసࡿࡍ⠊ᅖ㟁ᅽᏳᐃᅇ㊰ࡢධຊࣥ

పࡿ࠶సⅬ࡛ືࡢ⋠㸪పຠ๓ࡿࡍ㐩ࡀࢫࣥࢲ࣮ࣆ

ࡽ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ⠊ᅖ࡛ືసࡢࢫࣥࢲ࣮ࣆࣥ

㸬ࡿࢀࡉ᥎ᐹࡿ࠶࡛  
 

 
ᅗ 10: ཷ㟁⨨ࢆᶍᨃࡓࡋᅇ㊰  

 

 
ᅗ 11: ㈇Ⲵ┤ὶ㟁ᅽ Vdcdc ࡢሙྜࡓࢀࡉ༳ຍࡀ

RF-DC ᩚὶᅇ㊰ࡢฟຊ㟁ᅽ Vr fdc 
 
 

ㄢ㢟ࡢᚋࡵࡲ .4  
㛫Ḟࣟࢡ࣐Ἴ㟁ຊఏ㏦ࡓࡗ⾜ࢆ㝿㟁ᅽᏳᐃ

ᅇ㊰࡚ࡗࡼ RF-DC ᩚὶᅇ㊰ࡓࡳࡽฟຊഃࡢ㈇Ⲵ

ࡵࡓࡿࡍኚືࡀ RF-DC ኚຠ⋡ࡀపୗࡓࡋ㸬ᅇ㸪

RF-DC ᩚὶᅇ㊰⮬యࡢᨵⰋࡓࡗ⾜ࢆ㸬ࡢࡑ⤖ᯝ㸪ࢀࡇ

ẚὶᅇ㊰ᩚࡢ࡛ࡲ 5%௨ୖࡢᨵၿࡓࢀࡽࡳࡀ㸬ࡲ

ࡓࡿࡏࡉ㧗ຠ⋡࡛ືస࡚࠸࠾㈇Ⲵ⠊ᅖ࠸ᗈࡾࡼ㸪ࡓ

ᑕἼ⏝ᆺࡵ RF-DC ᩚὶᅇ㊰ࢆᵓᡂࡋ㸪ホ౯ࢆ⾜

࠾⠊ᅖ࠸పࡀ㈇Ⲵ࡛ࡇࡿࡍ⏝ࢆ㸬ᑕἼࡓࡗ

㈇ࡧࡼ࠾㟁ᅽᏳᐃᅇ㊰㸬᭱ᚋࡓࢀࡽࡳࡀᨵၿࡿࡅ

ⲴࢆᑕἼ⏝ᆺ RF-DC ᩚὶᅇ㊰᥋⥆ࡋ㸪㛫Ḟ࣐

㸬ࡓࡋᐃ ࢆ⋠㟁㟁ຊ⏝ຠཷࡢࡁࡓࡋධຊࢆἼࣟࢡ

㈇Ⲵ┤ὶ㟁ຊࢆᐃᖖⓗ౪⤥࡛ࡓࡁᖹᆒධຊ㟁ຊ

124 mW 㸪ྲཱྀ࡚࠸࠾ 㟁㟁ຊ⏝ຠ⋡ࡣ ᚑࡾ࡞55.7%

᮶ࡢຠ⋡ ࢆ27.5% 28.2%ୖᅇࡿ⤖ᯝࡓࡗ࡞㸬  
  ᚋ ࡣ ๓ ᅇ ࡢ ሗ ࿌ ࡛ ᳨ ウ ࢆ ⾜ ࠸  ᑕ Ἴ  ⏝ ᆺ

RF-DC ᩚὶᅇ㊰ẚ㧗ຠ⋡ணࡓࢀࡉ RF-DC-DC
ᅇ㊰ࡢసᡂࡧࡼ࠾ホ౯࠺⾜ࢆ㸬ࡓࡲ㸪ZigBee ➃ᮎࡢ

㏦㟁ࡢࢢ࣮ࣥࣜࣗࢪࢣࢫぢ┤ࡋཬࡧᨵၿ࠺⾜ࢆ㸬  
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