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Abstract 

In-orbit demonstrations of Solar Power Satellite Systems are essential for the 

realization of SSPS after their ground demonstrations. We plan to use microwave to 

transmit energy to the ground in the demonstration. Its frequency has not yet allocated 

for the demonstration. Even the microwave power transmission has not yet been an 

internationally acknowledged service. A frequency can be assigned if a station, when 

using such a frequency assignment, shall not cause harmful interference to existing 

services (Radio Regulations 4.4). 

Main purposes of the in-orbit demonstration are verification of the correct beam 

control of microwave transmitted from the orbit and examination of nonlinear 

interactions in the ionosphere. A basic semiconductor transmission module is 80cm 

square and consists of 25x25 elements of active integrated antennas. Its total output 

power is about 1kW. A small satellite experiment uses four modules with an output of 

3.84kW and mission weight of 200kg. If we can use ‘KIBO’ on ISS, we can use nine 

modules with 8.64kW and 500kg. The duration of the maximum power operation is 

only 16 sec above the reception site. The estimated power flux densities (pfd) on the 

ground are 21-26µW/m2 depending on assigned frequencies for the former and 105-134µW/m2 

for the latter. The density near the transmitter is 1500W/m2 at the maximum. Such a high 

power density similar to that of SSPS is necessary for the examination of nonlinear 

interactions. 

We have selected two candidate frequencies of 5.75GHz in the ISM band and 

5.10GHz considering antenna sizes, availability, rain attenuation, interferences, etc. 

Based on the previous examination of co-existence with other services for the ISM 

bands, we examined interferences by 5.75GHz. It was found that the second harmonics 

interfere with space-to-earth communications where the pfd limitations exist. We hope a 

frequency will be allocated since our operation time is very short. 

 
                                                 

1 Presented at the Thirteenth SPS Symposium, 28-29 October, 2010 
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� ၮᧄࠆߥߣඨዉ૕ㅍ㔚ߣ࠽࠹ࡦࠕޔߪ࡞࡯ࡘࠫࡕ಴ജ 1.7-0.6W ߣ૕৻߇〝ㅍ㔚࿁ߩ

㧔AIA㧕25x25࠽࠹ࡦࠕ㓸Ⓧࡉࠖ࠹ࠢࠕߚߞߥ ⚛ሶ350-1050ޔࠅߥࠄ߆W ߢ಴ജߩ

80cm ߪ๟ᵄᢙޕࠆ޽ߢⷺ 5GHz Ꮺࠍᗐቯޕࠆ޿ߡߒㅍ㔚♽ߩ઀᭽ࠍ⴫ 1 3ޕߔ␜ߦ ゲ

೙ᓮߩዊဳⴡᤊߢታ⸽ࠆߔ႐วࡦ࡚ࠪ࠶ࡒޔߪ㊀㊂ 200kg ࡞࡯ࡘࠫࡕߩߎޔߢ 4 ᨎࠍ

૶↪ޔߒ಴ജߪ 3.84kW ㊀㊂ࡦ࡚ࠪ࠶ࡒޔߪ႐วࠆߔታᣉߢޠ߁߷߈ޟޕࠆߥߣ 500kg

࡞࡯ࡘࠫࡕߢ 9 ᨎࠍ૶↪ޔߒ಴ജߪ 8.64kW ޕࠆߥߣ࿾਄ߩߢ㔚ജ᧤ኒᐲޔߪ๟ᵄᢙ

ߢ೨⠪ޔ߇ࠆଐߦ 21-26vW/m2ޔᓟ⠪ߩ႐ว 105-134vW/m2ޕࠆߥߣ 
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⴫ 1�  ઀᭽ߥਥߩ♽ᵄㅍ㔚ࡠࠢࠗࡑ
 ዊဳⴡᤊ ޠ߁߷߈ޟ 

ᗐቯ࡚ࠪࡦ㊀㊂ 200kg 500kg 
ㅍ㔚0.8 ࡞ࡀࡄmx0.8mx(0.02- 0.1)m 4 ᨎ 0.8mx0.8mx(0.02- 0.1)m 9 ᨎ 
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⴫ 2� 5GHz Ꮺߩ೑↪⁁ᴫ 
๟ᵄᢙ MHz  ᣣᧄ ᰷Ꮊ ☨࿖ 
4900-5000  ή✢ LAN㧔ደᄖ㧕    
ᵄ⌕㒽ࡠࠢࠗࡑ 5000-5030

ᣇ(MLS) 
5100 

 GALILEO   
5030-5091 ή✢ LAN㧔ደᄖ㧕    
5091-5150  ⒖േⴡᤊ   
5150-5250 ⥶ⓨή✢⥶ⴕ ή✢ LAN㧔ደౝ㧕 ⒖േⴡᤊ HIPERLAN ή✢ LAN 

5250-5350  ࿾⃿តᩏⴡᤊ 
᳇⽎࡯࠳࡯࡟  HIPERLAN ή✢ LAN 

5350-5470  
ฦ⒳࡯࠳࡯࡟    

5470-5725   HIPERLAN  

5725-5850 ISM  ࠼ࡦࡃ
5750 

5770-5850 
ETC/DSRC 

ETC/ 
DSRC 

HIPERLAN 
ή✢ LAN 

᡼ㅍ੐ᬺ⠪ߩ TV
⇟⚵ਛ⛮ 

 
5850-5875 

DSRC 
5875-5925    
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ᕈߊะߦ೔᧪ᣇะ߇ࡓ࡯ࡆߡ޿↪ࠍࡓ࠹ࠬࠪࡉࠖ࠹ࠢ࡟ࠖ࠺ࡠ࠻࡟ޔߒ೙ᓮࠍᆫ൓ߦ
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ߦ߼ߚࠆ 6GHz એਅ߇ᦸ߹ߢߎߘޕ޿ߒ 5GHz Ꮺߡ޿ߟߦ⠨ޕࠆ߃⃻࿷ߩ೑↪⁁ᴫࠍ

⴫ 2 ߪ๟ᵄᢙ޿ߥߒ㊀ⶄߣ๟ᵄᢙߚࠇࠄߡᒰࠅഀߦ㔚ᵄᄤᢥ߇㧘㜞⺞ᵄߚ߹ޕߔ␜ߦ

5000-5117, 5133-5217, 5438-5525, 5625-5900 MHz ߕవޕࠆ޽ߢ 5725-5875MHz ߩ ISM ࡃ

5850MHzޕࠆ߃⠨ߡ޿ߟߦ࠼ࡦ ޔࠅ߅ߡࠇࠄߡᒰࠅഀߦ᡼ㅍਛ⛮㧔FPU㧕ޔߪ਄ࠅࠃ

ఝవᐲ߽㜞5850-5770ޕ޿MHz 10MHzޔߪ 㑆㓒ߢ DSRC ISMޔࠅ߅ߡࠇࠄߡᒰࠅഀߦ

Ꮺߦ㓞ធߚߒ 5470-5725MHz 11nޔ802.11aޔ߇ ✢ήߩ LAN ࠃએ਄ޕߚࠇࠄߡᒰࠅഀߦ

5760MHz-5725ޔߪߢ࿐▸ߚߒᩏ⺞߇ޘᚒޔࠅ ޔ߼ߚࠆࠇࠄ߃⠨ߣ޿ߥ߇ߡᒰࠅഀߪ
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㧔MLS㧕↪ߡߒߣ⏕଻ޔ߇ࠆ޿ߡࠇߐGPS ޕ޿ߥߪቯ੍ߡᒰࠅᒰ㕙ഀޔࠅࠃߦ᥉෸ߩ

ߜ߁ߩߘ 5030-5091MHz 5GHzޔߪ Ꮺή✢ࠅഀߦࡓ࠹ࠬࠪࠬ࠮ࠢࠕᒰޕߚࠇࠄߡએ਄ࠃ

5150MHz-5100ޔߪߢ࿐▸ߚߒᩏ⺞߇ޘᚒޔࠅ ޔ߼ߚࠆࠇࠄ߃⠨ߣ޿ߥ߇ߡᒰࠅഀߪ

5100MHz ╙ࠍ 2 ୥⵬ޕࠆߔߣ  
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એ೨ⴕߚࠇࠊ౒↪ᬌ⸛[1]ࠍෳ⠨ߦ 5.75GHz 5.1GHzޕࠆߔ⸛ᬌߡ޿ߟߦ 5.75GHzޔߪ

ߪߩࠆ޽߇ᦨ߽㑐ଥޕࠆ޽ߢቯ੍߁ⴕࠍ⸛౒↪ᬌޔߦ႐วߥ࿎㔍߇↪૶ߩ DSRC ฽ߦ

ࠆࠇ߹ ETC DSRCޕࠆ޽ߢ ߡ޿ߟߦ ARIB ᮡḰⷙᩰ STD-T75 ߢⷙቯߚࠇߐᐓᷤ⠴ᕈ

SRRޕࠆߥߣ⽎ኻ߇㧔SRR㧕ࡦ࡚ࠪࠢࠚࠫ࡝࡮ࠬࡦࡐࠬ࡟࡮ࠬࠕ࡝ࡊࠬޔߜ߁ߩ ⷙߩ

ቯޔ߫ࠇࠃߦ SRR 㧘ෳࠅ߅ߡߞߥߣᲧߩⷙᩰᗵᐲ㧗3dB㧔-57dBm㧕ߣ࡞ࡌ࡟ᅹኂᵄߪ

⠨୯ߡߒߣਅ⸥ߩㅢࠅⷙቯޕࠆࠇߐ  

ISM Ꮺၞౝ㧔5.725GHz-5.875GHz㧕 㧦24dB એ਄㧔-33dBm એ਄㧕  

ISM Ꮺၞᄖ㧔਄⸥ᄖ㧕 㧦18dB એ਄㧔-39dBm એ਄㧕  

DSRC 230ȝW/m2ޔߪ㧔PFD㧕࡞ࡌ࡟ኈᐓᷤ⸵ߩ ߩᧄታ㛎ޔࠅ޽ߢ PFD ᦨᄢߪ

134ȝW/m2ޔ߼ߚࠆ޽ߢᐓᷤߩ໧㗴ޕ޿ߥߪ╙ 2 㜞⺞ᵄ߇ቝቮʊ࿾਄㑆ㅢାࠅഀߦᒰߡ

ߪቝቮʊ࿾਄㑆ㅢାޕࠆ޽߇ㇱಽࠆߥ㊀ߣ๟ᵄᢙᏪၞߚࠇࠄ 10.7㨪11.7GHz ෸߮ 11.7

㨪12.5GHz 5.75GHzޔࠅ޽ߢ ╙ߩ 2 ᰴ㜞⺞ᵄ(11.5GHz)߇㊀ⶄޕࠆ޿ߡߒቝቮʊ࿾਄㑆

ㅢାࠖ࠹࡝ࡆ࠴ࡄࡦࠦߩ᧦ઙ(pfd ೙㒢୯)ߪ⴫ 3  ޕࠆ޽ߢࠅㅢߩ

 

⴫ 3� ቝቮʊ࿾਄㑆ㅢାߩ㔚ജ᧤ኒᐲ pfd ೙㒢୯ (dBW/m2/4kHz) 
೔㆐ⷺ d 0-5° 5-25° 25-90° 

10.7㨪11.7GHz -150 -150+0.5(d-5) -140 

 

࿾਄ࠆߌ߅ߦᦨᄢ㔚ജ᧤ኒᐲߩߢޠ߁߷߈ޟޔߪ 9 ᨎߩ࡞ࡀࡄ႐วޔၮᧄᵄߢ

134ȝW/m2=-38.7dBW/m2 50dB-߇ࠬࠕ࡝ࡊࠬޕࠆ޽ߢ ೑࠽࠹ࡦࠕߓ㜞⺞ᵄ߽หߢ႐วߩ

ᓧ88.7-ࠄߥdBW/m2 ࠍ೑ᓧߢࡓ࠳ࡦ࡜߇⋦૏ߩེ⋦⒖ޔࠅߥߣ 1 ޿߅ߦ႐วߚ߈ߢߢ

133.0dBW/m2-ޔ߽ߡ ߦㅍᵄ៝ߪߢႎ๔ᦠ[1]ߩએ೨ޕࠆ߃⿥ࠍ೙㒢ޔࠅߥߦ 1MHz Ꮺߩ

4kHzޔߡߒߣࠆ޽߇ၞ Ꮺၞߩ pfd 26dBޔߢߣߎ߁޿ߣ ૐਅޕߚ޿ߡߖߐ 

ઁⴡᤊ߳ߩᓇ㗀ߦ㑐ޔߪߡߒEMC ၮḰ㧔㔚⇇࡮᡼኿ᐓᷤᗵฃᕈ㒢⇇ߩⷙᩰ㧕ޔߡߒߣ

MIL-STD-461C part3 RS03 㧔๟ᵄᢙࠬ࡯ࠤᦨᖡޔߣࠆߔ▚⸘ߡߒ↪ㆡࠍ 5.75GHzޔㅍା

㔚ജ 8.64kW㧕16.6ޔߢkm 㔌〒ߩߎޔ߇ࠆߥߦᨐ⚿߁޿ߣࠆ޽߇ᓇ㗀ߣࠆߔធㄭߢ߹

 ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢ⒘ߦ㕖Ᏹߪߩࠆߔធㄭߢ߹



 
 

ᚒ߇࿖ߩ㔚ᵄ㒐⼔ᜰ㊎ߦੱ⥸৻ޔ߫ࠇࠃߦኻࠆߔ 1.5GHz એ਄ߩ㆙ᣇ⇇ᦑ㔺ߩ਄㒢ᜰ

㊎୯ߪ 10W/m2 ߪ࿾਄ᦨᄢ㔚ജኒᐲޔߪߡ޿ߟߦ⸽㆏਄ታ゠ߩ੹࿁ޕࠆ޿ߡߞߥߣ

100ȝW/m2⒟ᐲޔߢ਄㒢ᜰ㊎୯ߦᲧߦ߆ࠆߪޔߴዊੱޔ߼ߚ޿ߐ૕߳ߩᓇ㗀ޕ޿ߥߪ 

 

5㧚 ߹߼ߣ 

୥⵬๟ᵄᢙߩ 5.75GHz ╙ޕࠆࠇࠄ߃⠨ߣ޿ߥߪᐓᷤ໧㗴ߪߦ⊛ၮᧄޔߪ 2 㜞⺞ᵄߪ

PFD ⷙ೙ࠆ޽ߩ๟ᵄᢙޔߢߩߥ෩ޕ޿ߒᏪၞ᏷ࠍᐢޔ߆ߣࠆߍ㜞⺞ᵄߦኻߡߒήᜰะ

ᕈߣࠆ߈ߢߦ૗߆ߣ࿁ㆱޕࠆ߈ߢ ㆇ↪߇⍴ᤨ㑆ߢߣߎࠆ޽ߢ⹺ࠍߣߎࠆࠇࠄ߼ᦼᓙߒ

╙ߩࠗ࡟ࠕ࠼࠭࡯ࠚࡈޔߪߦ⊛ᛛⴚޕࠆ޿ߡ 2 㜞⺞ᵄߦኻࠆߔ೑ᓧߪਅޔ߆ࠆࠇࠄߍ

㜞⺞ᵄߦኻߩེ⋦⒖ࠆߔ૏⋧ߩߤޔߪ⒟ᐲߚߞ޿ߣ߆ߩࠆ߈ߢߦࡓ࠳ࡦ࡜໧㗴ޕࠆ޽߇ 
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ᬌ⸛ᆔຬળ,  JAXA,  2004. 


