
52 

Electron Tube Devices for Solar Power Satellite Systems 
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Electron tube devices such as a magnetron and klystron were adopted for the microwave power 
transmitter in the early concepts of the solar power satellite (SPS) systems. However, solid-state 
devices become popular in the recent SPS studies. Electron tube devices still have some advantages as 
follows. 
ªEasier thermal control, 
ªHigh conversion efficiency, 
ªHigh power generation/amplification per one device, 
ªHigh voltage operation. 
In this paper, various types of the microwave tubes that are the candidates for the SPS systems are 
briefly described and compared with the solid-state devices.  
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1.C-P?  
� ƪҝ͕ҭϼʔ(SPS)tv��B�bl¦̀ѧҭΥƸ<,:�NASAB£�_¥¨vtv��
;Cl¢bv�¦¨S�m��¦¨>=BҭƸΓ!ˍГ*Z4!�̾ƎBƥ$BӶӴӶ��

¤;C 80ǷÐÑҚƨ">Ѱˣ]ѱ'4ƇàΥƸ�bl¦̀��bv!¹̆<>7:�Y�,
 ,�ҭƸΓ��bv?C�̷̱͘ȧ?ăZ�ňΓėĭ!ƨ"$�Ĵ̽QӍ$�ӍҭƍӉĶ

!ŝϓ;�Y<��ăZ4̷Ȟ!�X�ƨҭĭ�bl¦̀ѧҭtv��?�&Y DC-RF�Ɯ
Ǵ�Y�C RF-DCơɧΥƸ<,:�1^ʦʨ;�Y�Ñ±�SPStv��;ɠ̈́*ZYŝϓ
ȧB�YҭƸΓ��bv?Ҕ,:Ιň?ѣJ�ƇàΥƸ<B˭і]Ϻ�� 
 
2.ҭƸΓ�bl¦̀��bv  
� ̾Ǝ��bl¦̀ǲ W�£̀ǲ?\4Xͼ�BҭƸΓ��bv!ǆ̈́Ľ*Z�M4*W

?ӍȧϓĽB4PBҒ͕ͬ!Ϻ\Z:�Y�SPS tv��?��:C��bl¦̀]̈́�
:�ƨ˯]ѫ,:Ə°?e�¤k«]ѧҭ.Y4P?̕ЀBǚ>���\TYҭ̀B΅<�

\ZY 1ԃ10GHz ͺǿBŮ̀ɾBğ̈́!ψ�WZY�ǆҢ?ƥ$B SPS tv��;C
2.4-2.5GHzB ISM(Industrial, Science, Medical)�¨�!ȯǅ*Z:�Y�(BV�>Ů̀ɾǲ
Ɣ;̾ƎV$ğ̈́*Z:�YҭƸΓ��bv?C�ǻ�Ȱů;BѲ̀Γ?ĘӃ*ZY�m�

�¦¨�l¢bv�¦¨�ѰϺ̀Γ(TWT)!�Y[1]�(ZWC�1930 ǷÐńD W 1940
ǷÐ? &:͕ʑ*Z�˚˒͘>ɶϡ�ҭƸ�«�]͕͂.Y4PBVXĶã̗ǿBÝ�̱

ҜːBҒ͕�ѕ҉;ͯƙȋǿBȋ�˲ºͯͫBɠ̈́?VX�̾ Ǝ;C(ZWҭƸΓBȧϓ�

îҿȧC˃˨?ũ°,�ҏǔűĽ!Ѷȹ*Z:�Y� 
� Ѳ̀ΓB̷ȞCҭƸ�«�<ҭͯ̀B͠Äã̈́ҼƔ?ҭͯ̀BÜ͠Ѭǿ!ϛ͆ғ?�&

YĈѬǿVXQѲ$>YѲ̀˒ѭ]̈́�Y̫?�Y�,4!7:�ҭƸ�«�BѬǿ<ҭͯ

̀BÜ͠Ѭǿ]KL,$.Y(<!ŝϓ;�X�ҭƸ�«�<ҭͯ̀Bғ;͠Äã̈́!͂

-Y��m��¦¨CÈ*ҭͯ͋ȎҭƸΓBͼ;�X�ӍĴ̽Ӎėĭ;�Y(< W¥«

|«̈́ѧîΓSį̱͕̈́ɘΓ<,:ǻ$ğ̈́*Z�ǊȀ̈́ҭƸΓ<,:̈́�WZ:�Yŷ

B�bl¦̀ҭƸΓ;�Y�NASA B£�_¥¨vtv��;Q�m��¦¨p¨x��<
,:M<PWZ:�Y[2],[3]�l¢bv�¦¨QM4�£�_¥¨vtv��BóЅtv��
?�&Y�bl¦̀��bv<,:<X°'WZ:�Y[2],[3]�Ο 4GHz ; 700kW Ñ°<ƨ
">ėĭ!ȘWZY!�500MHz W 6GHzͺǿM;BQB!ƥ��ѰϺ̀ΓQl¢bv�¦
¨<ŧ˓>͟ζƒҭƸΓ;�X�ǻǲƔBƜǴſ<,:ǆ̈́Ľ*Z:�Y�ĶãŮ̀ɾC

100GHzͺǿ?ŔH�ѠǷ��«�«ƒѲ̀˒ѭSƥ˨̕Ѭp¥l{«]̈́�4e�¤k«Ɓ
Ř?V7:Ĵ̽!ɶŻ*Z�Ku �¨�;ėĭ 100W�Ĵ̽ 60%Ñ°BƾǄ̈́ TWT !Ғ͕*
Z:�Y�M4�ʤѠ́͞*Z:�YɅϻ<,:�ƇàΥƸ<ѰϺ̀ΓƜǴſ(TWTA)]ΪN
Ť\04 MPM(Microwave Power Module)!�X�҇҉�à!ţ˨?ũ°,4�M4�ȗʳ
B TWTA BǔűC 15 Ƿͺǿ;�Y!�MPM ;C TWTA ]Ý�ƜǴ̽;ä̈́.Y(<;�
�bvBǔű! 20Ƿͺǿ<>7:�Y�˝Δ?��:�ƇàΥƸ<B˭і]ͱ.� 
 
3.ҭƸΓ��bv<ƇàΥƸ<B˭і  
� ƇàΥƸ<ҭƸΓ]˭і,4ƙŤ�ҭƸΓCӍҭƍӉĶ!ŝϓ;�Y4P�Ə°Bҭĭt

v��BƙŤ<ŧ˓?҃ζ҇҉]Ǚ*$.Y(<!;"�M4 DC-DCp¨�«{«]ȠЉ<
,>�tv��Bǆ̾Bŝϓȧ!�Y�ҭƸΓBĶã̷ȧCŏ̀͘?C��bvB̗ǿ?ç

ƹ,>�4P�ãĶИǋ̗ǿ!Ӎ$ɸ̱]ǋʒ?Ϻ�(<!;"Y�SPS tv��;Ǔг<
>Y S�¨� W X�¨�?\4YŮ̀ɾǲƔ;C�ňΥƸ?��:ҭƸΓ<ƇàΥƸ;
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Bėĭ]˭і.Y< 100ò W 10000òͺǿҭƸΓ��bvBʈ!ƨ"��ѧҭ̈́ DC-RFơ
ɧ�ƜǴΥƸ<,:ҭƸΓCňΓėĭ!ƨ"�4PΥƸɾ]̕W.(<!;"Y!�, ,�

ňΓėĭ!ƨ"�(<CЇɾB`¨��ΥƸ] 1 8B�bl¦̀ΥƸ;M >�(<?>X�
`¨��ΥƸňÜ;BÜ͠ġș?VY�bl¦̀�«�Bʈũġș?ġΟ]Ś&Y(<?>

Y� 
� ˝?�ƇàΥƸ<�bl¦̀ҭƸΓB˭і<,:ƇàΥƸƜǴſ(SSPA)�TWTA �VF
MPMB˭і]ͱ.�Ͽ 1Cʁ
̻ [4] WBȆ̈́;�Y�
TWTA CňΓėĭCƨ"�!�
1Wȍ4XB҇҉�àC >
XİY(<!\ Y�M4�

ǔ ű S ɺ ң B ͕ ͂ Ҿ ǿ

(MTBF)Qİ7:�Y�ѠǷ�
ƇàΥƸ��bvBҏщBѰ

ˣ?VX TWTACƇàΥƸ?
ρ"ɧ�WZ88�Y!�2

BЉƂ!(B˭і?̾Z:�

Y�, ,�ƇàΥƸ< TWTA
]ΪNŤ\04 MPMC�ňΓ
ėĭC TWTA VXQİY!�
ǔűŔF MTBF C SSPA <ŧ
;�X�Ĵ̽!Ӎ$�1Wȍ
4XB҇҉�àC˃˨?ă

Z:�Y�њѧpv�!ƨ">īŤ]ŊPY SPStv��?<7:�҇҉�ƨ"*C��b
v]ѻɌ.Y°;ăćǿBӍ�ʲÓ;�Y�M4���bvϛàBpv�ҳ;C�ƇàΥƸ

��bvCʤѠBĶɭǲѫîtv��BʙŔ?Ø�Ýè˃ ʪȓ;"Y�ʈ�ҭƸΓ�

�bv;C�2.45GHz�ɾ͗ W B�m��¦¨Cˮ͂̈́?ƨ҉͂̓*Z:�Y4Pǀè?Ċ
ɀ;"Y�ŧ˓?Ýè˃Ľ]Ѷȹ.Y(<!ҭƸΓ��bv?<7:Bƨ">ШӀB8;

�Y� 
 
4.M<P  

SPS tv��;ä̈́*ZYŮ̀ɾǲƔ;BÐϿ͘>�bl¦̀ҭƸΓ��bv]ΨÌ,�
ƇàΥƸ��bv<B˭і]Ϻ74�ҭƸΓ��bvCǅȧ̷͘ȧ<,:ƾǄ?�&Yƨҭ

ĭ̈́��bv<,:Bƥ$Bҏȿ]ʦ,:�Y�, ,���bvBè˃�҇҉�ƨ"*B

ѕ̕�ҏǔűĽCËȕɶŻ.J"ШӀ;�Y�ƇàΥƸ<ҭƸΓ��bv]ΪNŤ\04ƙ

Ť�(ZWȧϓ!Ӆю͘?ũ°,:�Y�(ZC�ËȕBҭƸΓ��bvBȢ̈́?Ҕ.Yʈ

ũȧ]ͱ.QB;�Y� 
 
Œψʁ̻  
[1]V.L.Granatstein,et al., Proc. IEEE, Vol. 87, pp.702-716, 1999. 
[2]"Satellite Power Systems Concept Definition Study (Exhibit D), Vol.I", NASA CR3392, 1981. 
[3] "Satellite Power Systems Concept Definition Study (Exhibit D), Vol.II", NASA CR3393, 1981. 
[4]C.R.Smith,et al., Proc. IEEE, Vol. 87, pp.717-737, 1999. 
 
 

   Ͽ 1� �bl¦̀ƜǴſB˭і� (C-Band) 
 SSPA* TWTA MPM 

RF Power (W) 125 25000 180 
Efficiency** 

(%) 20-25 23 50 

Weight/W  
(g/W) 68.04 385.56 6.35 

Vol./W 
(cm3/W) 28.68 458.84 4.1 

Life 
 (year) 20 15 20 

MTBF 
(000’s hrs) 14.5 3 15 

* Power combined GaAs FET performance 
** include power supply efficiency 
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In order to propose a new SSX-MPT system, we have developed a phase-controlled magnetron and 

have demonstrated an active phased array with two phase-controlled magnetrons in METLAB 
(Microwave Energy Transmission LABoratory) in Kyoto University . For a new transmitter system 
with revised magnetrons, we use a frequency locking technique with PLL-like feedback loop. The 
frequency locking is accomplished by operating the magnetron as a reflection amplifier, and can be 
used in coherent radar system.   
  A required power level of reference signal which is injected into the phase-controlled magnetron is 
about 10 to 13 dB below the RF output power of the magnetron. We could use a solid-state driver to 
produce the locking reference signal for a magnetron with the output power of hundreds of watts. 
Magnetron frequency is then automatically tuned to that of the locking signal. If this condition is met, 
there will be just 90 degree between the phases of the reference signal and of the magnetron RF 
output.  
  A magnetron can be tuned either internally or externally by a mechanical motion that changes the 
resonant frequency of the tube. It can also be tuned electronically in two different ways. One is to 
change a magnetic force by using an external coil. The other is to change an anode current flow. Once 
the microwave phase from a magnetron becomes controllable, we could easily construct an active 
phased array with magnetrons. We developed a phase-controlled magnetron system with an anode 
current feed-back.  

The frequency of a magnetron output microwave and a reference signal frequency are compared at a 
mixer. Through a LPF, we obtain a difference of two frequencies. Using the difference, we control an 
anode current and lock the magnetron frequency at the reference signal frequency. After the 
magnetron frequency is locked at the reference signal frequency, we could control the phase with an 
inserted  phase shifter.   

With two phase-controlled magnetrons, we have constructed an active phased array and have carried 
out a beam control experiment. For the experiment, we used standard horn antennas with the aperture 
size of 28 X 38 cm and the gain of 16.9 dBi. The element spacing is 30 cm (=2.45λ  ). The 
experimental results agree well with the theoretical results.  

Normally, we must make the element spacing of the phased array below 1λ  in order to suppress 
grating lobes and suppress side lobes. However the microwave power is fed from the magnetron to a 
transmitting antenna through a waveguide in our system. Therefore the side lobe levels are still huge 
as seen in Fig.3. This wide spacing comes simply from the condition that a coaxial feeder and a small 
aperture antenna like a dipole in such a large power microwave. It is future work to decrease the 
element spacing and decrease a level of side lobes. 
We have two objectives of the SSX-MPT experiment ; One is to establish a stable system for space 
use under the ionospheric plasma condition. The other is to carry scientific experiments concerning the 
interaction of the high power density microwave beam with the surrounding space plasma 
environments. Using magnetrons, it is easier and less expensive to achieve higher microwave power 
density compared to a system based on the semi-conductor microwave amplifiers. The present system 
provide more realistic system for a study of a detailed nonlinear interactions between an intense 
microwave and ionospheric plasma.  

In order to meet a requirement on its size and power source for the JEM-EF, we are now designing a 
new SSX-MPT system with the phase-controlled magnetron (Fig.4). Supplied power from the ISS is 
limited to 3 kW. Therefore, we will have to use batteries for intermittent power transmission of 5 kW 
microwave.  
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̾ƎB SPS˒ȯ;C¥�¦�a¥l�a�˚ϓ]ɕ8tv��!ψ�WZ:�Y�¥�¦

�a¥l�a�ʈȅ]ɠ̈́.YҢ?CȿʨʈũIBˢͮ>�«�хʿ!҇Љ<>X�ѧҭ`

¨��?��:ˢͮ?Ü͠]ġș.Y(<!Љ˳*ZY�ʮͬ;CӍĴ̽�ƨҭĭėĭ<

��ҭĭ×ѧ?��:ʮт͘>ҏȿ]ɕ8�m��¦¨]ѧҭtv��BDC-RFơɧſ<,
:̈́��¥�¦�a¥l�a�˚ϓ]ɕ8ǆКǆӊtv��B˒Ζ]͘͞<,:�Y��m

��¦¨CÜ͠ġș!ƄҪ<��˜̫]ɕ84PDC-RFơɧſ<,:ѹ̈́.Y4P?C(B
˜̫]ĉʧ.Y(<!҇Љ>ШӀ<>Y�2(;ʮČ̢;C(B˜̫]Ѕǁ.Yɀ˿?8�

:ѣJ�*W?Ғ͕,4Ü͠ġș�m��¦¨]ӛŞ̈́�:�«�ġș]ǆ̾,4(<?8

�:ѣJY� 
 
2. Ü͠ġșƒ�m��¦¨BҒ͕  
�m��¦¨?Ǔ,�Ů̀ɾB͏>Yȉ�Ɩ̞îš]́Ċ.Y<�2Bîšȋǿ˭?VX

˸ǅ*ZYŮ̀ɾǬÑĐ;�ZD��m��¦¨ WB͕͂�bl¦̀Cȉ�Ɩ̞îš?ŧ

ʪ.Y(<Cʓ WͩWZ:�X[1]�Alder ?V7:ǅȅĽ*Z:�Y[2]�, ,�(B́
Ċŧʪ;C�Ɩ̞îšȋǿC�m��¦¨B2ZB-30dB ͺǿ<.ZD��m��¦¨BŮ
̀ɾ 2450MHz?Ǔ,:Ů̀ɾ¦~lǴ! 1.5MHz�0.06%ͺǿ, >�(<!�AlderBȅ 
Wǘ Z�ǆӊ͘?Qͮ PWZ:�Y��m��¦¨BŮ̀ɾCʘғ͘?²ǀǅ;�X�

́Ċŧʪ5&;CǿŮ̀ɾ¦~l WƤZ4ƙŤ�ĒFŮ̀ɾ!Ɩ̞îš?¦~l.Y(

<C>$�ǀǅ>tv��<CБ�Ҫ�� 
(B˜̫]Ѕ�4P?�Ⱥ�Bͬm¤«�;C�m��¦¨Bėĭ<Ɩ̞îš]˭і,�

2Bάʺ;�m��¦¨B`�«�ҭ̆]ġș,:�m��¦¨BŮ̀ɾ]Ɩ̞îš?Ѡ9

&Y�a«��~l¤«�]Ғ͕,4�îšB˭іάʺ]̈́�:�m��¦¨B͕îŮ̀ɾ

]ġș.Yʈ˿C(ZÑƤ?Q�m��¦¨Bŋįͯƙ]ġș.Yʈ˿Q�X�Brown ?V
7:Ғ͕*Z:�Y[3]�, ,�ͯƙġșʈ˿;C̾ƎBˮ͂̈́�m��¦¨;̈́�:�Y
˲ºͯͫ]ҭͯͫĽ.YȠЉ!�X�ǀè>ˮ͂̈́�m��¦¨]2BMM̈́�Y(<!;

">��`�«�ҭ̆ġș;�ZDҭ̝IB�a«��~l;�Y4Pǀè>ˮ͂̈́�m�

�¦¨]2BMM̈́�Y(<!ŝϓ;�Y4P�ËƁC`�«�ҭ̆ġș]ѻɌ,�Ғ͕]

Ϻ74�ŋįͯƙġș�a«��~ltv��QȺ�Bʻͬm¤«�;̾Ǝͬ!ѰϺ,

:�Y� 
� `�«�ҭ̆ġș?VYÜ͠ġșƒ�m��¦¨B�¦~l|b`m¢�]Ɔ 1 ?ͱ.�
�m��¦¨ėĭ<Ɩ̞îš<]�jr«;˭і,�ÝƔѫѴ�a¤{«(LPF)]ѫ,:ВΒ
˚?řXўN�`�«�ҭ̆]ġș,:�Y�Ɔ 2 ?`�«�ҭ̆?Ǔ.Y�m��¦¨B
Ů̀ɾBơĽ�ŔF LPFBėĭҭƍBơĽ]ͱ.�ф�ζ(2.45GHz)!Ɩ̞îšBŮ̀ɾ;�
X��m��¦¨Ů̀ɾ<Ɩ̞îšŮ̀ɾ!ϝ,:�Yʘ(fref=fo)�LPF Bėĭҭƍ! 0 ?
>7:�Y(<!Ę Y�(Bʘ!Ů̀ɾ!¦~l,4̸Ȳ;�X�(B̸Ȳ?>YM;`

�«�ҭ̆]ġș.Y�(B�a«��~ltv��C PLL<ŧ˓BĶã].YQB;�Ů
̀ɾ¦~l,4ƙŤ��m��¦¨BėĭBÜ͠<Ɩ̞îšBÜ͠Cǳ? 90�?í4ZY�
2B4P�Ɩ̞îšBÜ͠]͠ſ;ơĽ*0Y(<;�m��¦¨BÜ͠QơĽ*0Y(

<!ŝϓ<>X��m��¦¨]̈́�4`l�a��dbw�`¥b]˒Ζ.Y(<!ŝϓ

<>Y� 
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Ɔ 1 `�«�ҭ̆ġș?VYÜ͠ġșƒ�m��¦¨B�¦~l|b`m¢� 

Ɔ 2 `�«�ҭ̆?Ǔ.Y�m��¦¨BŮ̀ɾBơĽ�ŔF LPFBėĭҭƍBơĽ 
 
3. Ü͠ġșƒ�m��¦¨]̈́�4`l�a��dbw�`¥b  
� Ü͠ġșƒ�m��¦¨] 2 8̈́�:�`l�a��dbw�`¥b]˒Ζ,�ǆӊ]Ϻ
74��m��¦¨BėĭCǘ̀Γ;ɸǖ*ZY4P�`¨��C 28cm�30cm BҒśȎ]
ɕ8ğȘ 16.9dBiB�«¨`¨��]̈́�4�2`¨��BΥƸғҡC�«¨`¨��BҒś
ȎB̶̀͘ġқ W˸MX�30 cm (=2.45�);�Y� Ɔ 3? 2ΥƸ�«¨`¨��]̈́�4
`l�a��dbw�`¥b`¨��]̈́�4�«�ġșBǆӊάʺ]ͱ.�90�!ˢҳʈ
ũ]ͱ,�ǪƆ!�bl¦̀�«�] 85�ʈũ�8MXǪ? 5�ũ&4ƙŤB�«��{«
¨;�X�ŠƆ!�bl¦̀�«�] 95�ʈũ�8MXŠ? 5�ũ&4ƙŤB�«��{«
¨;�Y��~�Ï"B˅ϢB�«{!ǆӊô]Ͽ,�Ұ�ʡζ!̀Ъô]ͱ,:�Y�(

ZVX��bl¦̀ʈũ!̀ЪѫX?ġș;":�Y(<!Ę Y�̾ƎCğȘBƨ"��

«¨`¨��]̈́�4 2 ΥƸ`¥b;�Y4P?��«�BɘZЏC�10�ͺǿ;�Y!�
Ëȕ�`¨��BǙƒĽ?VYΥƸғҡBɢѠ<ΥƸɾBƜį?VX��«�BɘZЏC*

W?ƨ"$.Y(<Cŝϓ;�Y<ψ�:�Y� 
 

Phase 
Shifter /2 

mixer 

Magnetron   

Attenuator 
  (-30dB)  

LPF High Voltage 
Source 

D/A Board 

A/D Board 

Reference  
Signal (CW) 
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Ɔ 3 2 ΥƸ�«¨`¨��]̈́�4`l�a��dbw�`¥b`¨��Bɖũȧ�90�!
ˢҳʈũ]ͱ,�ǪƆC�bl¦̀�«�] 85�ʈũ�8MXǪ? 5�ũ&4ƙŤB�
«��{«¨�ŠƆC�bl¦̀�«�] 95�ʈũ�8MXŠ? 5�ũ&4ƙŤB�«
��{«¨]ͱ.� 

 
4. JEMʠүҀ°;Bʇ,��bl¦̀ѧҭǆӊtv��Bɦˆ  
 

 
Ɔ 4 Ü͠ġșƒ�m��¦¨]̈́�4 JEM ʠүҀ°;Bʇ,��bl¦̀ѧҭǆӊtv�

�Υˆ 
 

1997 Ƿ?Ⱥ�Bͬm¤«�;CƈҢƾǄv�«t ¨B JEM ʠүҀ°;B�bl¦̀

e�¤k«×ѧǆӊBɦˆ]Ϻ74!�˦Ȥ>!WɠɌ?CϜW> 74�ʮͬC2Bά

ʺ]эM��ĦƁBɦˆ]ɶϡ.Y4P?ǆʉ,4QB;�Y�ĦƁBǆӊɦˆ;C�bl

¦̀ѧҭ˚<,:�4 ĘīǠҒƒB 340 ΥƸB�bl¦v�£~�`¨��`¥b`¨��
<�`¨��ΥƸBϐҳ?2Z3ZřXÏ&WZ4 1W(ʤƨ 2W)ńǘàƜǴſ;˒ȹ*Z:
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ʮͬ]Ś&�Ⱥ�Bͬm¤«�;CÜ͠ġșƒ�m��¦¨]̈́�4 JEMʠүҀ°�

bl¦̀ѧҭǆӊtv��BΥˆ]ˍГ·;�Y�tv���sb¨CƆ 4 BV�?>Y�
Ü͠ġșƒ�m��¦¨<�~�£«]ΪNŤ\0:ʤƨɸǖŝϓҭĭ] 5kWͺǿM;Ɯƨ
*0Y��~�£«ąҭ·C�bl¦̀ѧҭǆӊ]Ϻ�(<!;">$>Y<��ȉ̫!;

"Y!�2BÐ\X?�¢w�<�bl¦̀<BҲζȎ͠Äã̈́Bͬ]VXϺ�ʒ$*0

Y�̾ƎC JEMʠүҀB�u�«¤rbwBġқ W 1˝Ą`¥b<,�1˝ĄB�«�ġ
ș]Ϻ�<,:�Y!�ËȕПΧ>ЗВ]Ϻ��tv��]ɶϡ.YÀǅ;�Y�*W?Ⱥ�

Bͬm¤«�!ǶϺ,:ͬ]Ϻ7:�Yv�l�¢�ɓɼ˿]Ȣ̈́,4�bl¦̀�«
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5. M<P  
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Ҳǳ?Ӎè;�X�DC-RF ơɧĴ̽ũ°B4PBͬBȠЉQ�Y�ʮͬ;Ғ͕,4Ü͠
ġșƒ�m��¦¨C�ǀèªӍĴ̽<���m��¦¨Bğ̫?�ÝҨҶªÜ͠ġșŝϓ

<��ńǘàƜǴſBğ̫]Ť\04V�>̷Ȟ]ɕ6�ǚ>$<Q JEMʠүҀ;B�bl
¦̀ѧҭǆӊBV�>ɾǷćBǆ̾]͞ɖ,4ǆӊ?Cѹ,:�Y<ψ�WZY� 
ËȕC�m��¦¨ҭ̝Bɶϡ<ͯƙġșȅÜ͠ġșƒ�m��¦¨BҒ͕�ƪҝҭ˷]

Ċĭ<,4 DC-RFơɧΝBǁȹ�JEMʠүҀ;Bǆӊtv��BПΧˍГ]Ϻ��̋ ƁB
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