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ಙ࠸࡞࠸࡚ࡗ࡞⾜ࢆ᫬㛫࡟㏦㟁࡛࡜ࡇ࠺⾜ࢆ㏦㟁࣐ࣟࢡ࢖Ἴࡀ㏻ಙ࡟ᖸ΅࡟ࡎࡏ㟁ຊࢆ౪⤥࡟࡜ࡇࡿࡍᡂຌࡓࡋ㸬

ࡣ⋠㟁㟁ຊ฼⏝ຠཷࡢ᫬ࡢࡑ ࢫࣥࢲ࣮ࣆࣥ࢖ධຊࡢࡑ࡚ࡋᑐ࡟ධຊ㟁ᅽࡢ㟁ᅽᏳᐃ໬ᅇ㊰ࡣࢀࡇ㸬ࡓࡗ࠶27.5%࡛
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㸬ࡿࢀࡽ࠼⪄2Ⅼࡢᤄධࡢᅇ㊰࡞ࡓ᪂࡜ᨵⰋࡢRF-DCᩚὶᅇ㊰⮬㌟࡚ࡋ࡜㸬ᨵⰋ᪉ἲࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ᨵⰋࢆ⨨

๓⪅࡛ࡣ཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰᳨࡚࠸ࡘ࡟ウࡓࡋ㸬ࡿ࠶ධຊ㟁ຊࡢ⠊ᅖ࡛ࡣ 1 ⣲Ꮚ⏝ࡿ࠸᫬ࡾࡼᗈ࠸㈇Ⲵ⠊
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㸪RF-DC-DCࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࢖࣡ ,Ἴ㟁ຊఏ㏦,  ZigBeeࣟࢡ࢖࣐  ࢻ࣮࣮࣡࢟ ᅇ㊰ 
 

Improvement of Receiving Equipment for an Intermittent Microwave Power 
Transmission to a ZigBee device 
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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 with the ZigBee device kept participating in the 
communication 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 improvement of receiving 
equipment in order to realize high RF-DC efficiency in the wide range of output load. We investigated two ways for the 
improvement by simulation. First, we simulated a RF-DC rectifier with reflection. We found out that totally efficiency dropped 
because of the insertion loss of a circulator though the range of the efficiency of 50% or more became wide by using the 
RF-DC rectifier with reflection. Next, we simulated a RF-DC-DC circuit with a DC-DC PWM boost converter. The conversion 
efficiency was over 70% in the wide range of load from 3.9 times to 13.7 times of the optimal load of the RF-DC rectifier. 

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

࠾࡟㏵⏝࡞ࠎᵝࡣࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࢖࣡

࡞࢕ࢸࣜࣗ࢟ࢭࡸࢱࢽࣔࡢ㸪 ᗘࡾ࠾࡚ࢀࡉ┠ὀ࡚࠸

ࡿ࠸࡚ࢀࡉ⏝ᛂ࡟➼࣒ࢸࢫࢩ⌮⟶ࡢ࡝ [1]㸬↓⥺㏻ಙࢆ

๐ࡀࢺࢫࢥ⥺㓄࡛࡜ࡇࡿࡏࡉ㟁ụ㥑ື࡟ࡶ࡜࡜ࡿ࠸⏝

ῶ࡛ࡁ㸪タ⨨ሙᡤࡢኚ᭦ࡶ᭷⥺ࡾࡼపࡇ࠺⾜࡛ࢺࢫࢥ

ࡇࡿࡍಖ☜ࢆ※㟁ࡵࡓࡢ㸪㟁ụ㥑ືࡓࡲ㸬ࡿࡁ࡛ࡀ࡜

ࡃ㸪ከࡋ࠿ࡋ㸬ࡿ࡞࡜⬟ྍࡶ⏝㐠ࡢሙᡤ࡛࠸ࡋ㞴ࡀ࡜

࡛ࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࢖࣡ࡘᣢࢆᮎ➃ࢧࣥࢭࡢ

ࡓࡿ࡞࡜ᚲせࡀ㟁ụ஺᥮ࡢ࡚ࡋᑐ࡟ᶵჾࡢࢀࡒࢀࡑࡣ

⥺↓㸪࡛ࡇࡑ㸬ࡿࡍቑ኱ࡀࢺࢫࢥ⏝㐠ࡿࡼ࡟ࢀࡑ㸪ࡵ

㟁ຊఏ㏦ࡾࡼ࡟➃ᮎࡢ㟁※ࢆ☜ಖࢼࢸ࣓࡛ࣥ࡜ࡇࡿࡍ

ࡇࡿࡁᵓ⠏࡛ࢆࢡ࣮࣡ࢺࢵࢿࢧࣥࢭ࠸㏆࡟࣮ࣜࣇࢫࣥ

㸬ࡿࢀࡉᮇᚅࡀ࡜  
ᮏ◊✲࡛࡟ࢡ࣮࣡ࢺࢵࢿࢧࣥࢭࢫࣞࣖ࢖࣡ࡣ㐺ࡋ

ࡿ࠶つ᱁࡛⥺↓ࡓ ZigBee ࢆᦚ㍕ࡓࡋ➃ᮎࢡ࢖࣐ࡢ࡬

ࣟἼ↓⥺㟁ຊఏ㏦࠺⾜ࢆ㸬 ZigBee ࡣ↓⥺ LAN ࡸ
Bluetooth ࡝࡞௚ࡢ㏻ಙつ᱁࡜ẚ࡭ᾘ㈝㟁ຊࡀᑠ࠸ࡉ
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ࣥࢭ࡟㐃⥆ⓗࢆἼࣟࢡ࢖㸬㏦㟁࣐ࡘᣢࢆ฼Ⅼ࠺࠸࡜

㏦㟁㟁ࡵࡓࡿࡍ΅ᖸ࡟㏻ಙ࡜ࡿࡍᑕ↷࡬ᮎ➃ࢧ

ຊࢆᢚࡿ࠼ᚲせࡓࡗ࠶ࡀ [2] 㸬ZigBee ➃ᮎࡣ㛫Ḟⓗ

㏦㟁࡟㛫࠸࡞࠸࡚ࡋࢆ㏻ಙࡣࠎ㸪ᡃࡵࡓ࠺⾜ࢆ㏻ಙ࡟

ࢆ㏻ಙࡢ㸪ZigBee ➃ᮎ㛫࡛࡜ࡇࡿࡍᑕ↷ࢆἼࣟࢡ࢖࣐

ጉᐖ࡟ࡎࡏせồ㟁ຊࢆ౪⤥࡟࡜ࡇࡿࡍᡂຌࡓࡋ [3]㸬  
୍᪉࡛㸪ZigBee ➃ᮎ୍࡟ᐃࡢ㟁ᅽࢆ༳ຍࡢࡵࡓࡿࡍ

㟁ᅽᏳᐃ໬ᅇ㊰ࡢධຊࡀࢫࣥࢲ࣮ࣆࣥ࢖ධຊ㟁ᅽ࡟ᑐ

㸪ࢀࡎࡽ࠿㐺㈇Ⲵ᭱ࡢὶᅇ㊰ᩚࡵࡓࡢࡑ㸬ࡓࡋኚື࡚ࡋ

RF-DC ኚ᥮ຠ⋡ࡀపୗࡓࡋ㸬ᚑ࡚ࡗᮏ◊✲࡛ཷࡣ㟁⿦

࡟࠺ࡼࡿ࡞࡜⋠㈇Ⲵ⠊ᅖ࡛㧗ຠ࠸ᗈࡾࡼ㸪ࡋᨵⰋࢆ⨨

㸬ࡍᣦ┠ࢆ࡜ࡇࡿࡍ  
 

2. ཷ㟁࣒ࢸࢫࢩ  
ZigBee ➃ᮎ࡚ࡋ࡜ᮏ◊✲࡛ࡣ TOCOS 〇 TWE-001

ホ౯㛤Ⓨ࢟ࡓ࠸⏝ࢆࢺࢵ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㸬࢟ ࡢࢺࢵ ZED ➃ᮎࡣ 2.7  
V ࡽ࠿ 3.6 V ࣥ࢖ධຊࡧ㸪ᾘ㈝㟁ຊཬࡋ㟁ᅽ࡛ືసࡢ

ཧຍ᫬࡛ࢡ࣮࣡ࢺࢵࢿ㸪ࡣࢫࣥࢲ࣮ࣆ 9.46 mW ཬࡧ

�����N�㸪㠀ཧຍ᫬࡛ 61.8 mW ཬࡧ ����� 㸬ZEDࡿ࠶࡛
➃ᮎࡣ୰⥅ࢱ࣮ࢹࡵࡓ࠸࡞ࢃ⾜ࢆ㏦ಙ᫬௨እࣉ࣮ࣜࢫ

࠿ࡋ㸬ࡿࡁ࡛ࡀ࡜ࡇࡿࡍࡃࡉᑠࢆᾘ㈝㟁ຊ࡛࡜ࡇࡿࡍ

࣡ࢺࢵࢿࡣែ࡛≦࠸࡞࠸࡚ࡋཧຍ࡟ࢡ࣮࣡ࢺࢵࢿ㸪ࡋ

ୖ࡟᫬ⓗ୍ࡀᾘ㈝㟁ຊ࡟ࡵࡓࡢࡁ⥆ᡭࡿࡍཧຍ࡟ࢡ࣮

㸬ࡿࡍ᪼  
ཷ㟁ࡣ࣒ࢸࢫࢩᅗ 1 ཬࢼࢸࣥ࢔㸪ཷ㟁࡟࠺ࡼࡍ♧࡟

ࡧ RF-DC ᩚὶᅇ㊰࡛㛫Ḟⓗࣟࢡ࢖࣐࡞Ἴཷࢆ㟁ᩚὶ

ࡾࡼ࡟㸪㟁ᅽᏳᐃ໬ᅇ㊰ࡋ ZigBee ➃ᮎ࡬┤ὶ㟁ຊࢆ౪

㸬ࡿࡍ⤥  

 

ᅗ 1: ཷ㟁࣒ࢸࢫࢩ  
 
 

3. 㟁ᅽᏳᐃ໬ᅇ㊰  
㟁ᅽᏳᐃ໬ᅇ㊰ࡣධຊẁ࡟⵳㟁⏝࢟ࣕࡘࡶࢆࢱࢩࣃ

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ᅽᏳᐃ໬ᅇ㊰ࡢධຊࢆࢫࣥࢲ࣮ࣆࣥ࢖ ᐃࡋ

ᅗࢆ㸬⤖ᯝࡓ 2 ධຊ࡟ࡶ࡜࡜ቑຍࡢ㸬ධຊ㟁ᅽࡍ♧࡟

㸪᭱ᑠ࡛ࡋቑຍࡀࢫࣥࢲ࣮ࣆࣥ࢖ 149 Ȑ㸪᭱኱࡛ 1138 
Ȑ࡛ࡓࡗ࠶㸬ࡾࡲࡘ㈇Ⲵ᢬ᢠࡢ 1 ಸࡽ࠿ 7.6 ಸ࡛ࡲኚ

໬ࡓࡋ㸬  
๓ᅇࡢ㟁ຊ౪⤥ᐇ㦂࡛ࡣ㸪ZED ➃ᮎࡢ㉳ື᫬ࡅ࠾࡟

ࡑࡼ࠾ࡣ⋠㟁㟁ຊ฼⏝ຠཷࡿ ࡋ⏝㸬౑ࡓࡗ࠶27.5%࡛

ࡓ RF-DC ᩚὶᅇ㊰᭱ࡣ㐺㈇Ⲵࢆ᥋⥆᭱࡜ࡿࡍ኱࡛

ࡢධຊ㟁ᅽࡿࡍ᝿ᐃࡣຠ⋡࡛㸪㟁ᅽᏳᐃ໬ᅇ㊰ࡢ65%

⠊ᅖෆ࡛ 75%௨ୖࡢຠ⋡࡛ࡓࡗ࠶㸬ᚑ࡚ࡗពᅗ࠸࡞ࡋ

ᦆኻࡀ ⵳㟁ࡣἼ㟁ຊఏ㏦࡛ࣟࢡ࢖㸬㛫Ḟ࣐ࡓࡌ⏕20%

ࡢࡑ㸬ࡿࡍኚື࡟ᖖࡀ㟁ᅽࡿࢀࡉ༳ຍ࡟ࢱࢩࣃࣕ࢟⏝

ኚ࡟ᖖࡀࢫࣥࢲ࣮ࣆࣥ࢖ධຊ࡚ࡋᑐ࡟㸪ධຊ㟁ᅽࡵࡓ

໬ࡋ㸪RF-DC ᩚὶᅇ㊰᭱ࡢ㐺㈇Ⲵࡿࡼ࡟ࢀࡎࡢ࡜ኚ᥮

ຠ⋡ࡢపୗࡀཎᅉࡿࢀࡽ࠼⪄࡜㸬  
 

 
ᅗ 2: 㟁ᅽᏳᐃ໬ᅇ㊰ࡢධຊࢫࣥࢲ࣮ࣆࣥ࢖  

 

4. ཷ㟁⿦⨨ࡢᨵⰋᡭἲ᳨ࡢウ  
ᮏ◊✲࡛ࡣ㸪ཷ㟁⿦⨨ࡢኚ᥮ຠ⋡ᨵၿࡾࡓ࠶࡟ 2 ࡘ

ᨵⰋ⟠ᡤࢆ Agilent 〇ࡢᅇ㊰ࢱ࣮࣑ࣞࣗࢩ Advanced 
Design System ࡧ㸪ẚ㍑ཬࡋࣥࣙࢩ࣮࣑ࣞࣗࢩ࡚࠸⏝ࢆ

᳨ウࡓࡗ⾜ࢆ㸬  
1 ࡣ┠ࡘ RF-DC ᩚὶᅇ㊰ࡢᨵⰋ࡛ࡿ࠶㸬ᅗ 3 ࠺ࡼࡢ

ࡢูࢆ཯ᑕἼ࡛ࢱ࣮࣮ࣞࣗ࢟ࢧ࡟ RF-DC ᩚὶᅇ㊰࡛

෌ኚ᥮ࡿࡍ཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰ [4]᳨࡛ウࢆ

Ἴࣟࢡ࢖ධຊ࣐࡚ࡗࡼ࡟㈇Ⲵࡿࡍ⥆᥋ࡣࢀࡇ㸬ࡓࡗ⾜

ࡿࡍᑐᛂ࡟㈇Ⲵኚື࡚ࡋ⏝฼ࢆ࡜ࡇࡿ࡞␗ࡀ⋠཯ᑕࡢ

㸬ࡿࢀࡉண᝿ࡀ࡜ࡇࡿࡁ࡛ࡀ࡜ࡇ  
௚᪉ࡣ RF-DC ᩚὶᅇ㊰࡜㟁ᅽᏳᐃ໬ᅇ㊰ࡢ㛫࡟᪂

࠺ࡼࡿࡁ㸪㧗ຠ⋡࡛ືస࡛࡛࡜ࡇࡿࡍᤄධࢆᅇ㊰࡞ࡓ

࡟ RF-DC ᩚὶᅇ㊰ࡓࡳࡽ࠿㈇Ⲵ᭱ࢆ㐺㈇Ⲵ௜㏆࡟ኚ

᥮ࡿࡍ RF-DC-DC ᅇ㊰᳨ࢆウࡓࡋ [5]㸬  
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ᅗ 3: ཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰  

 

4.1.  ཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰  
୍⯡ⓗ࡞ RF-DC ᩚὶᅇ㊰ࡣධຊ࡚ࡗࡼ࡟ࢱࣝ࢕ࣇ

཯ᑕࢆᢚไࡋ㸪ฟຊᩚ࡚ࡗࡼ࡟ࢱࣝ࢕ࣇὶ࠺⾜ࢆ㸬୍

᪉࡛཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰ࡣධຊࢆࢱࣝ࢕ࣇ

ᣢࡎࡓ཯ᑕࢆᢚไᩚ࠸࡞ࡋὶᅇ㊰㸦࣐࣮ࢱࢫ㸧࡜ධຊ

㸬ࡿࢀࡉ㸧࡛ᵓᡂࣈ࣮ࣞࢫὶᅇ㊰㸦ᩚࡘᣢࢆࢱࣝ࢕ࣇ

࣮ࣞࢫ࡛ࢱ࣮࣮ࣞࣗ࢟ࢧࢆ཯ᑕἼࡢᅇ㊰࡛࣮ࢱࢫ࣐

࡛ࡀ࡜ࡇࡿࡏࡉᨵၿࢆ⋠ຠ࡛࡜ࡇࡿࡍධຊ࡟ᅇ㊰ࣈ

㸬ࡿࡁ  
཯ᑕἼ฼⏝ᆺ࡟ࡵࡌࡣ RF-DC ᩚὶᅇ㊰ࡢ࡝ࡀ⛬ᗘ

ຠ⋡ࢆᨵၿ࡛ࢆ࠿ࡿࡁẚ㍑࡟ࡵࡓࡿࡍ㸪ᅗ 4 ⡆᫆ⓗࡢ

ᆺࢺࣥࣕࢩࣝࢢࣥࢩ࡞ RF-DC ᩚὶᅇ㊰ࢆタィࡓࡋ㸬

ධຊࣟࢡ࢖࣐ࡿࡍἼࡢ࿘Ἴᩘࡣ 2.45 GHz ࢲ㸬ࡿ࠶࡛

ࡣࢻ࣮࢜࢖ Agilent 〇 HSMS2864 ࢆ 2 ୪ิ࡛⏝ࡇࡿ࠸

ࡣࢱࣝ࢕ࣇ㸬ฟຊࡓࡋ࡜࡜ 4 ศࡢ 1 Ἴ㛗⥺㊰࡜ 10 ȣ
F 㸬᭱ࡿ࠶࡛ࢧࣥࢹࣥࢥ⁥ᖹࡢ 㐺㈇Ⲵࢆ 140 Ȑࡋ࡜㸪

ຠ⋡ࡀ ࡉ㛗ࡢ㊰⥺ࡢࢱࣝ࢕ࣇධຊ࠺ࡼࡿ࠼㉸ࢆ80%

ཬࡧᖜࢆỴᐃࡓࡋ㸬ධຊࢱࣝ࢕ࣇ┤ᚋࢢࣥࣜࣉࢵ࢝ࡢ

ࡢࡵࡓ࠸࡞ࡋ㏫ὶ࡬ධຊഃࡀὶᡂศ┤ࡣࢧࣥࢹࣥࢥ

ࡣ㸪ᐜ㔞ࡾ࠶࡛ࡢࡶ 1 pF ࡓࡋ㸬タィࡿ࠶࡛ RF-DC ᩚ

ὶᅇ㊰ࡢ RF-DC ኚ᥮ຠ⋡ࢆ᥋⥆㈇Ⲵ࡜ධຊ㟁ຊࢆኚ

໬࡚ࡏࡉ ᐃࡀࡢࡶࡓࡋᅗ 5 ࢖ධຊ࣐ࡀ㸬ᶓ㍈ࡿ࠶࡛

㸬ࡿ࠶᥋⥆㈇Ⲵ࡛ࡀἼ㟁ຊ㸪⦪㍈ࣟࢡ  
ḟ࡟཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰ࢆタィࡓࡋ㸬ᮏ

㸪ᅗࡣ࡛✲◊ 4 㸪ࢧࣥࢹࣥࢥࡧཬࣝࢹࣔࡢᵝྠ࡜ᅇ㊰ࡢ

ࢆᅇ㊰ࣈ࣮ࣞࢫ࡜ᅇ㊰࣮ࢱࢫ࣐࡚࠸⏝ࢆࢻ࣮࢜࢖ࢲ

タィࡓࡋ㸬ࡋࡔࡓ㸪࣐࣮ࢱࢫᅇ㊰ࡣධຊࢆࢱࣝ࢕ࣇᣢ

ࡀ㐺㈇Ⲵ᭱ࡣᅇ㊰࣮ࢱࢫ㸬࣐࠸࡞ࡓ 140 Ȑࡼࡿ࡞࡜

཯ᑕ㟁ຊ࡛ฟຊ㟁ࡢᅇ㊰࣮ࢱࢫᚋ㸪࣐ࡢࡑ㸬ࡓࡋ࡟࠺

ᅽྠࡀ⛬ᗘ࡞࠺ࡼࡿ࡞࡜᢬ᢠ್ࣈ࣮ࣞࢫࢆᅇ㊰᭱ࡢ

㐺㈇Ⲵ࡚ࡋ࡜タィࡓࡗ⾜ࢆ㸬  
ࡢᅇ㊰࣮ࢱࢫ࣐ RF-DC ኚ᥮ຠ⋡࡜཯ᑕ⋡ࢆᅗ 6 ཬ

ᅗࡧ 7 ㈇Ⲵࡣ⋠㸬᭱኱ኚ᥮ຠࡍ♧࡟ 140 Ȑ࡛ධຊ㟁

ຊ 90 mW ࡣ⋠㸬཯ᑕࡓࡗ࠶࡛% ᫬㸪54ࡢ ࡽ࠿10% 35%
㸪2 mWࡾ࠶⠊ᅖ࡛ࡢ ࡽ࠿ 18 mW ࡓࡲ㸬ࡿࡍ཯ᑕࡀ

ฟຊ㟁ᅽࡣ 3 V ⛬ᗘ࡛ࡓࡗ࠶㸬࣐ ཯ᑕ㟁ࡢᅇ㊰࣮ࢱࢫ

ຊ࡜㟁ᅽࣈ࣮ࣞࢫࡽ࠿ᅇ㊰᭱ࡢ㐺㈇Ⲵࢆ 400 Ȑ࡛ධ

ຊࢆࢱࣝ࢕ࣇㄪᩚࡋタィࡓࡋ㸬ࣈ࣮ࣞࢫᅇ㊰ࡢኚ᥮ຠ

ᅗࡣ⋠ 8 ࡚࠸࠾࡟పධຊ㟁ຊ࡟࠺ࡼࡍ♧࡟ 50%௨ୖ

㸬ࡿ࠸࡚ࡗ࡞ࡃᗈ࡚ࡋᑐ࡟ᅇ㊰࣮ࢱࢫ࣐ࡀ⠊ᅖࡢ  
ࡢࡽࢀࡇ 2 ⏝㸪཯ᑕἼ฼ࡋ⥆୪ิ᥋ࢆὶᅇ㊰ᩚࡢࡘ

ᆺᩚὶᅇ㊰ࢆᵓᡂࡓࡋ㸬ࡣࢱ࣮࣮ࣞࣗ࢟ࢧᑠᆺ㍍㔞࡞

ࢆ㸪ᤄධᦆኻࡋ᝿ᐃࢆࡢࡶࡢᆺࣉࢵࣜࢺࢫࣟࢡ࢖࣐

0.4 dB ཯ᑕἼ฼⏝ᆺᩚࡓࡋᵓᡂ࡟࠺ࡼࡢ㸬௨ୖࡓࡋ࡜

ὶᅇ㊰ࡢኚ᥮ຠ⋡ࢆᅗ 9 㸬࣐ࡍ♧࡟ ࣈ࣮ࣞࢫ࡜࣮ࢱࢫ

୧⪅ࡢ≉ᛶࡾࡉࢃྜࡳ⤌ࡀ㸪ࢆࢀࡒࢀࡑ༢య࡛⏝ࡿ࠸

ᗈ⠊ᅖ࡛ࡾࡼ 50%௨ୖࡢຠ⋡ࡀᚓࡓࢀࡽ㸬ࡋ࠿ࡋ㸪

ẚ㍑ᑐ㇟ࡓࡋ࡜ධຊࢆࢱࣝ࢕ࣇᣢ᭱ࡘ㐺㈇Ⲵ 140 Ȑ
ຠ⋡㸦ᅗࡢὶᅇ㊰ᩚࡢ 5㸧࡟ᑐ࡚ࡋຠ⋡ࡀ 50%௨ୖ࡜

ࡣ⠊ᅖࡿ࡞ 3 ๭ᑡࡓࡗ࠿࡞㸬ධຊ㟁ຊࡀ 20 mW ௨ୗ

⋠ຠࡀ࠺࡯ࡢ㸪཯ᑕἼ฼⏝ᆺ࡜ࡿ㝈࡟᫬ࡢ 50%௨ୖ

ࡣ㡿ᇦࡢ 34%ᗈࡿ࠸࡚ࡗ࡞ࡃ㸬  
௨ୖཷࡽ࠿㟁ࡿࡅཷ࡛ࢼࢸࣥ࢔㏦㟁࣐ࣟࢡ࢖Ἴࡢ

㟁ຊ⠊ᅖࡀỴࡿ࠸࡚ࡗࡲሙྜ࣐࡚ࡏࢃྜ࡟ࢀࡑࡣ࡟

᥋⥆㈇Ⲵ࡛࡜ࡇࡿࡍㄪᩚࢆᛶ≉ࡢࣈ࣮ࣞࢫ࡜࣮ࢱࢫ

㸪ࡋࡔࡓ㸬ࡿ࠶ࡀᛶ⬟ྍࡿࡁᣢ࡛⥔ࢆ⋠ຠ࠸㧗࡚ࡋᑐ࡟

పୗࡣ⋠኱ຠ࡚᭱ࡗࡼ࡟ᤄධᦆኻࡢࢱ࣮࣮ࣞࣗ࢟ࢧ

㸬ࡿࡍ  

 

ᅗ 4: RF-DC ᩚὶᅇ㊰  

 

ᅗ 5: ẚ㍑⏝ RF-DC ᩚὶᅇ㊰ࡢ RF-DC ኚ᥮ຠ⋡  
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ᅗ 6: ᩚὶᅇ㊰㸦࣐࣮ࢱࢫ㸧ࡢ RF-DC ኚ᥮ຠ⋡  

 
ᅗ 7: ᩚὶᅇ㊰㸦࣐࣮ࢱࢫ㸧ࡢ཯ᑕ⋡  

 
ᅗ 8: ᩚὶᅇ㊰㸦ࣈ࣮ࣞࢫ㸧ࡢ RF-DC ኚ᥮ຠ⋡  

 
ᅗ 9: ཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰ࡢኚ᥮ຠ⋡  

 
 
 

4.2.  RF-DC-DC ᅇ㊰  
RF-DC ᩚὶᅇ㊰ࡢฟຊ࡟ᅗ 10 ࡢ PWM ไᚚࢫ࣮ࣈ

ࡇࡿࡍࢆኚ᥮ࢫࣥࢲ࣮ࣆࣥ࢖ࡋ⥆᥋ࢆࢱ࣮ࣂࣥࢥࢺ

࡛࡜ RF-DC ᩚὶᅇ㊰ࢆࢫࣥࢲ࣮ࣆࣥ࢖ࡓࡳࡽ࠿ไᚚ

࡟࠺ࡼࡿࢀࡽ࠼ࢆ⋠ຠ࠸㧗࡚ࡋᑐ࡟㈇Ⲵࡢ㸪ᗈ⠊ᅖࡋ

ࢆࢀࡇࡣࠎ㸬ᡃࡿ࠸࡚ࢀࡽࡵ㐍ࡀ㛤Ⓨࡢࡢࡶࡓࡋ

RF-DC-DC 㟁※ᅇ㊰࡜࿧ࡪ㸬RF-DC ᩚὶᅇ㊰᭱ࡢ㐺㈇

Ⲵࡣ 95 Ȑ࡛タィࡾ࠾࡚ࢀࡉ㸪༢యࡢ RF-DC ኚ᥮ຠ

ᅗࢆ⋠ 11 ୰ࡍ♧࡛⥺◚ࡢ㸬100 mW ධຊ᫬ࡣ࡟᥋⥆

㈇Ⲵ 95 Ȑ᭱ࡁ࡜ࡢ኱ຠ⋡ ࢱ࣮ࣂࣥࢥ㸬ࡿ࡞࡜83.4%

ࡓࡵྵࢆ RF-DC-DC ᅇ㊰࡛ࡣᅗ 11 ୰ࡢᐇ⥺࡛♧ࡼࡍ

࡟࠺ 375 Ȑࡽ࠿ 1300 Ȑ࡜ᗈ࠸⠊ᅖ࡚ࡗࡓࢃ࡟ຠ⋡

70%௨ୖࢆ⥔ᣢࡿ࠸࡚ࡋ㸬᪼ࡣࢀࡇᅽ࡛࡜ࡇࡿࡍ㈇Ⲵ

࡞ࡃపࡀࢫࣥࢲ࣮ࣆࣥ࢖ධຊࡢࢱ࣮ࣂࣥࢥ࡚ࡋᑐ࡟

㸬ࡿ࠶࡛ࡵࡓࡃ㏆࡙࡟㐺㈇Ⲵ࡚᭱ࡗࡼ࡟࡜ࡇࡿ  
ࡢࡇ RF-DC-DC ᅇ㊰ࡣ㛤Ⓨ୰࡛ࡾ࠶ቑᖜჾࣥࢥࡸ

㸬ࡿ࠸࡚ࡗ࡞࡜ᚲせࡀ※㟁ู࡟సືࡢ࡝࡞ࢱ࣮ࣞࣃ

ࡣ㸪ฟຊ㟁ᅽࡓࡲ ZigBee ➃ᮎࡢᐃ᱁ 3.6 V ࡚࠼㉸ࢆ

ฟຊࡵࡓࡿࢀࡉᚋẁ࡟㝆ᅽࣞࡀࢱ࣮ࣞࣗࢠᚲせ࡞࡜

㸬RF-DC-DCࡿ ᅇ㊰࡜㝆ᅽࣞࢆࢱ࣮ࣞࣗࢠ᥋⥆ࡿࡍ

࡛࡜ࡇ RF-DC-DC ᅇ㊰ෆࡀࢱ࣮ࣂࣥࢥࢺࢫ࣮ࣈࡢⓎ

᣺ྍࡿࡍ⬟ᛶࡿ࠶ࡀ㸬  

 
ᅗ 10: RF-DC-DC ᅇ㊰⏝ PWM ไᚚ࣮ࣂࣥࢥࢺࢫ࣮ࣈ

ࢱ [5] 
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ᅗ 11: RF-DC-DC 㟁※ᅇ㊰ࡢ RF-DC ኚ᥮ຠ⋡ [5] 
㸦100 mW ධຊ᫬㸧  

 

ㄢ㢟ࡢ௒ᚋ࡜ࡵ࡜ࡲ .5  
㛫Ḟ࣐ࣟࢡ࢖Ἴ㟁ຊఏ㏦ࡓࡗ⾜ࢆ㝿࡟㟁ᅽᏳᐃ໬

ᅇ㊰࡚ࡗࡼ࡟ RF-DC ᩚὶᅇ㊰ࡓࡳࡽ࠿ฟຊഃࡢ㈇Ⲵ

ࡵࡓࡿࡍኚືࡀ RF-DC ኚ᥮ຠ⋡ࡀపୗࡓࡋ㸬௒ᅇ㸪㈇

Ⲵኚືࡿࡼ࡟ຠ⋡పୗࢆᨵၿ࡟ࡵࡓࡿࡍ 2 ࡟ᡭἲࡢࡘ

㸬ࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ  
཯ᑕἼ฼⏝ᆺ RF-DC ᩚὶᅇ㊰࣮ࣞࢫ࡜࣮ࢱࢫ࣐ࡣ

㈇Ⲵ⠊ᅖ࠸ᗈ࡛࡜ࡇࡿࡍㄪᩚ࡟㐺ษࢆᛶ≉ࡢᅇ㊰ࡢࣈ

ࢧ㸪ࡢࡢࡶࡿ࠶ࡣᛶ⬟ྍࡿࡁᣢ࡛⥔ࢆ⋠㧗ຠ࡚࠸࠾࡟

࡟⋠኱ຠ᭱࡜ࡿࡍ៖⪄ࢆ࡝࡞ᤄධᦆኻࡢࢱ࣮࣮ࣞࣗ࢟

㸬ࡓࡗ࠿ࢃࡀ࡜ࡇࡿ࠶ࡀ⏺㝈ࡣ  
 RF-DC-DC ᅇ㊰ูࡣ㟁※ࡀᚲせ࡝࡞࡜ࡇ࡞ㄢ㢟࠶ࡣ

㸪RF-DCࡀࡿ ᩚὶᅇ㊰᭱ࡢ㐺㈇Ⲵࡢ 3.9 ಸࡽ࠿ 13.7 ಸ

⠊ᅖ࡛ࡢ 70%௨ୖࡢຠ⋡ࢆ⥔ᣢࡓࡁ࡛ࡀ࡜ࡇࡿࡍ㸬ࡋ

࡚ࡗࡀࡓ RF-DC-DC ᅇ㊰ࡀ࠺࡯ࡓ࠸⏝ࢆຠ⋡ࢆ኱ࡃࡁ

ᨵၿ࡛ࡀ࡜ࡇࡿࡁᮇᚅࡿࢀࡉ㸬ࡓࡲ㸪ࢱ࣮࣮ࣞࣗ࢟ࢧ

グୖ࡜ࡿࡍ៖⪄ࢆ኱ᆺ໬ࡢ⨨⿦ࡸᤄධᦆኻࡢ 2 ྠࢆࡘ

᫬࡟౑⏝ࡣࡢࡿࡍ㐺ࡿࢀࡽ࠼⪄࡜࠸࡞ࡉ㸬  
௒ᚋࡣ RF-DC-DC ᅇ㊰ูࢆ㟁※ࡀ୙せ࡟࠺ࡼࡿ࡞࡜

㧗ຠ࡚࠸⏝ࢆ࡝࡞ࢱ࣮ࣞࣗࢠ㝆ᅽࣞ࡟ࡽࡉ㸪࡛ୖࡓࡋ

⋡࡛ฟຊ㟁ᅽࡀ ZigBee ➃ᮎࡢᐃ᱁ෆ࡟཰࡟࠺ࡼࡿࡲ

ᨵⰋࡃ࠸࡚ࡗ࡞⾜ࢆணᐃ࡛ࡿ࠶㸬  
 

6. ㅰ㎡  
ᮏ◊✲ࡿࡅ࠾࡟ RF-DC-DC ᅇ㊰᳨ࡢウ࡟㛵ࡣ࡚ࡋ㸪

ி㒔኱ᏛᕤᏛ◊✲⛉༤ኈㄢ⛬ࡢ㯤ຬẶࡈ࡟ຓゝࢆ

㡬ࡓࡋࡲࡁ㸬ࡃ῝࡟ࡇࡇឤㅰࡍࡲࡋ㸬  
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