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Abstract 
 Among important problems for the solar power satellite in the SPS2000 project, a 
payload problem is significant.  In order to cope with this problem, the spacetenna is required 
to satisfy light-weight and multifunctions.  As one of the antenna techniques to realize these 
requirements, an application of the active integrated antenna technique has been proposed.  
  

The feature of this technique is to incorporate a planar antenna with a planar circuit.  
Utilizing this compactness, the reduction of power loss between the planar circuit and the planar 
antenna is improved.  Further, in order to realize the down-sizing of radar system, each 
function of the active integrated antenna was proposed to be laminated such as functional layers 
of oscillator, amplifier, and mixer.  In the laminated and functional layer fashion, the weight 
reduction and the multifunctions are expected to be realized.   

 
In this report, a fundamental configuration of the laminated active integrated amplifier 

antenna is  introduced, and the design method of the stratified layers optimized by using an 
electromagnetic simulator is described.  Based on the design method described here, the 
configuration of the active integrated amplifier antenna adopted two-stage FET amplifier is 
shown for increasing the radiation power.  Furthermore, experimental results of fabricated 
active integrated amplifier antenna array were discussed.   



 46 

Ǣƒ`l�a�ҧ`¨�`¨��`¥bBЗВ˿  
 

ʎǧǂ»�ʫȼŻʚ�ťͅҥљ�ǧӑξ͉�†Ӎ҈ȣ�†ß�ʫѰ� 
†ҏŕîÊ�†ȹǝϣŉ

 
ʴ̊ƨƼǩƼҀѫîǩƼͷ 

�259-1292 ͳƮǧ͢ǶƚǮľҊ͞ 1117 
Phone: 0463-58-1211 / Fax: 0463-58-8320 
E-mail: kawasaki@keyaki.cc.u-tokai.ac.jp 

 

†ʁҀ͡ƾǄͷƼͬȿ 
�229-8510 ͳƮǧ͢͠˕ŏǮ͆҈Ş 

3-1-1 
Phone: 0427-51-3911 / Fax: 0427-59-4255 

E-mail: ttakano@radionet.isas.ac.jp 
 

1.ǼЪ 
  SPS2000 В͊?�&Yƪҝ͕ҭϼʔB
҇Љ>źӀBӚ8?�b¦«�źӀ!ɗ

'WZY[1]�(BźӀ]А˸.Y4P?�
ϼʔBѧҭ`¨��ҀCǙƒªѕ҉ªƥ

˚ϓBЉ˳]̜4.ȠЉ!�X�(B

V�>Љ˳]̜щ.Y`¨��ɅϻBӚ

8<,:�ɴĈƼɅϻ]̈́�4`l�a

�ҧ`¨��Ʌϻ!ɗ'WZY�(B

`l�a�ҧ`¨��ɅϻC�ϓĶΥ

Ƹ]ūOǶҳƁь<Ƕҳ`¨��]à

Ľ,4˒ѭ]ʦ,:�Y4P�×ѧɪB

Ý̕SǙƒĽ]ǋʒ?ǆ̾;"Y̷Ȟ!

�Y�*W?ʮͬ;C�͕ɘſ�ƜǴ

ſ��jrB˚ϓ]ɕ74ǶҳƁьB

ǢĽ]Ѷȹ.Y(<?VX�қWZ4

ҳB·;ƥ˚ϓĽ]ǆ̾.Y˚ϓǢ]

ɦˆ,4[2]-[4]� 
  ʮƘŭ;C�ǢƒB`l�a�ҧ
`¨�`¨��BЗВ˿?8�:ѣJ�

`l�a�ҧ`¨�`¨��?�&Y

Ǣ˒ѭBЗВʈҋ]ͱ.4P?�ҭͯ

͋t��¥«{]̈́�:ţǢBΪNŤ\

0]Аʷ,�`¨��Ȏ̸]ʤѹĽ,4

άʺ?8�:Цʑ.Y�ʤȕ?Мãª̘

ǅ,4`¨��B̷ȧ?8�:ˍГ]Ϻ

74�((;C*W?�Ǣƒ`l�a

�ҧ`¨�`¨��Bҭĭ]Ɯį.Y

4P?�Ã˨B FET ƜǴſ]̈́�4��
~�x¤B̘ǅάʺ]ѥį,4� 
 
2ӗЗВ˿ 
2.1 ��~�x¤B˒ȹ 
  Ɔ 1 ?ʮͬ;̈́�4Ǣƒ`l�a
�ҧ`¨�`¨��B��~�x¤B

˒ѭƆ]ͱ.�(B`¨��C�FET Ɯ
Ǵſ]ʦ.YƜǴſǢ�28Bv¦~�Ғ
śҳ W>YάŤǢ��~}`¨��;

˒ȹ*ZYɸǖǢB¯Ǣ˒ѭ;Ȏȹ*Z

:�Y�M/�ƜǴſǢVXĊĭ*Z4

2.45GHz B�bl¦̀Ɩ̞îšC·ƬB
čɘſ�~}?��:�a¤{£¨m*

Z�ƁьĐB¤«�?҃ρ*Z4ƜǴſ

?V7:ƜǴ*Z4ȕ�õ̀!ęɧ�W

Z�ĒF·ƬBčɘſ�~}?ҭĭ!æ

ή*ZY�ƜǴ*Z4ƜǴǢBҭĭCά

ŤǢB 2 8Bv¦~�Ғśҳ?V7:�
îšCɸǖǢ?άŤ*Z��~}`¨�

�!ĳɘ*ZY� 
  FET ƜǴſBЗВ?��:C�FET B
o«�ŔF�¥b¨ø?�~}¨m̈́B

g«�¨v{�]2Z3ZЗ&:�X�

FET Bo«�ø?ǀǅĽ̈́? 150�Bɍ
ɉ]¶ě?əĊ,4�Ɔ 2 ?�FET ƜǴ
ſB�¦~lƆ]ͱ.�M4�ƜǴſB

ЗВğȘCŮ̀ɾ 2.45GHz?��: 17dB
<,4�FET ƜǴſBЗВ?CӍŮ̀Ɓ
ьt��¥«{(MDS:HP-EEsof)]̈́�4� 

 
Ɔ 1.��~�x¤B˒ѭƆ 



 47 

 
Ɔ 2.FET`¨��¦~lƆ 
 

2.2 Ǣ˒ѭBʤѹĽ 
  ǶҳƁьBǢĽǆ̾B4P�ţǢB
˒ѭ]ʤѹĽ.Y4PBЗВ˿?8�:

ѣJY�ʤѹĽ*Z4Ǣ˒ѭ]ȘY4

P?̬ɪƭƖʶ]˨҇AYˬ?ǮиB

ҭ ͯ ͋ t � � ¥ « { (HP-EEsof: 
Momentum)]̈́�:£{«¨¦v!ʤѹ
Ľ*ZYV�?ЗВŮ̀ɾ?��:˒ѭ

]˸ǅ,4�˨Ҡ<,:�čɘſ�

~}?άŤǢ]҇A:v¦~�ҒśҳB

Üρ]ЩΔ,ʤѹĽ]Ϻ74[Ɔ 3(a),(b)]�
Ã˨Ҡ<,:�˨ҠBȎ̸?ɸǖ

Ǣ̈́BФҭàv¢�]҇A:ʤѹĽ]Ϻ

74[Ɔ 3(c),(d)]�2,:¯˨Ҡ<,:
C�Ã˨ҠBȎ̸?*W?�~}`¨

��]į�čɘſ�~}�v¦~�Ғś

ҳŔF�~}`¨��BÜρBʤѹĽ]

Ϻ74[Ɔ 3(e),(f)]� 
  Ñ°Bʈҋ;ʤѹ>Ǣ˒ѭ!˸ǅ*
Z4�άŤǢBv¦~�Ғśҳ] 2 8<
,4̀͆C�čɘſ�~}?æή*Z4

ҭĭ]Ĵ̽V$ɸǖǢI<άŤ.Y4P

;�Y� 

 
Ɔ 3.(a)Ǣ˒ѭ˨ҠАʷ˒ѭƆ 

 
Ɔ 3.(b)Ǣ˒ѭ˨ҠАʷάʺ 
 

 
Ɔ 3.(c)Ǣ˒ѭÃ˨ҠАʷ˒ѭƆ 
 

    
Ɔ 3.(d)Ǣ˒ѭÃ˨ҠАʷάʺ 

 

 
Ɔ 3.(e)Ǣ˒ѭ¯˨ҠАʷ˒ѭƆ 



 48 

 
Ɔ 3.(f)Ǣ˒ѭ¯˨ҠАʷάʺ 

 
2.3 ��~��~}�¥«� 
  ��~�x¤`¥bB˒ѭƆ]Ɔ 4 ?
ͱ.�ʮͬ;C̷? 2�2��~�x¤
`¥b]��~��~}�¥«�<ǅτ

.Y� Hҳʈũ?Ҕ,:�ţ��~�x
¤]ŧɘǴ;Ķã*0Y4P?ʈũȧά

ŤſCάŤǿ]Ѕ� FET `¨�Bėĭø
?҃ρ*Z�ŧÜ͠;Ķã.YV�?ţ

��~�x¤ғBҭ˯ҏ!˸ǅ*Z4�E
ҳʈũ?Ҕ,:C�Ċĭ*Z4îšB

Ҁ!ʈũȧάŤſ?V7:řXė*Z�

˝˨BĊĭø?҃ρ*Z4άŤǿ]Ѕ�

ƜǴǿ]ɕ8ƜǴſ?V7:ҭĭ!æή

*ZY�M4�ŧÜ͠;Ķã.YV�?

��~�x¤ғBҭ˯ҏ!˸ǅ*Z4�

(BV�? FET ƜǴſ<ʈũȧάŤſB
ΪNŤ\0?V7:��~�x¤] 2 ˝
Ą?Ůʪ҃ě.Y(<!;"Y�`¨�

�ΥƸғҡC H ҳʈũ! 0.919�0�E ҳ
ʈũ! 0.780�0 <,4�, ,�(ZW

BôCġãB҂Ť°�ʤѹĽ*Z4ô;

C>�� 

 
Ɔ 4.��~�x¤`¥b˒ѭƆ 
 

2.4 ��~��~}Btv��ǠҒ 
  `¨��Btv��ǠҒBˑȤƆ]Ɔ
5?ͱ.���~��~}�¥«�]Ҋǡ
Bib�¥«¤?ĊZўPYV�?.Y

(<?VX�`¨��]tv��?ǋʒ

?ǠҒ.Y(<!ŝϓ<>Y�*W?i

b�¥«¤?ɢβ΅]З&ZD�΅ W

p�l{]ѫ.(<?VX��~��~

}�¥«�]Ã˝Ą?ɢβ.Y(<!;

"Y� 

 
   Ɔ 5.tv��ǠҒˑȤƆ 

 
3.МãԄ̘ǅ 
  Ɔ 6(a),(b)?ʮͬ;Мã,4`l�a
�ҧ`¨�`¨����~�x¤B`

¨���{«¨]ͱ.�Мã`¨��Ӗ

Śî̈́�«¨`¨��ғъҩ] 1.7m�`
¨��ƖʶIBƤҀ WBĊĭҭĭ

2.5dBm BʲÓ;�ʤƨŚîҭĭC

-19.17dBm;�74�*W?�«l�b¨
�?�&Y͟Èõ̀C-15dB Ñ±;�7
4�(B<"B��~�x¤ 1 ʹB҇҉
C 50g;�74� 
  ��~��~}�¥«�B`¨���
{«¨]Ɔ 7(a),(b)?ͱ.�°Е<ŧ-̘
ǅʲÓ;�ʤƨŚîҭĭC-9.30dBm ;�
74�M4��«l�b¨�?�&Y͟

Èõ̀C-15dBÑ±;�74�ǆ̘ôB�
b¨¦«�ŔF�¤�b¨�!KLВΒ

ô<ϝ,:�Y(< W���~��

~}�¥«�Bţ��~�x¤Cŧɘ

ǴԄŧÜ͠;Ķã,:�Y<��Y� 
  2�2 ��~��~}�¥«�`¥bB
МãųŔF2B`¨���{«¨]2Z

3ZƆ 8�9?ͱ.�`¨���{«¨V
X�ʦқƖʶ?VYrb� WB²Љɸ

ǖBȐҷ?V7:rb�¦«�!Ɯį,

:�Y!��b¨¦«�ŔF�¤�b¨

�!KLϝ,:�Y(<VX���~

��~}�¥«�`¥bBţ��~�x

¤CŧÜ͠;Ķã,:�Y(<!ͮТ;



 49 

"Y� 
  ҭĭũ°B4PÃ˨ƜǴſ]ɬї,4
��~�x¤B`¨���{«¨]Ɔ

10(a),(b)?ͱ.�Ã˨͞B FETƜǴſ?C
Ӎėĭ̈́ FET(ǎƞѫ:FLL107ME)]̈́�
4�(BʘBʤƨŚîҭĭC-5.67dBm ;
�74�(Z?VX 1 ˨BƜǴſ]ɬї
,4ƙŤ<˭і,: 13.5dBBƜį]ͮТ
,4���~�x¤BŚîҭĭB˭і]

Ͽ 1?ͱ.�1˨BÝҨҶƜǴſ]ɬї,
4ƙŤB��~�x¤BŚîҭĭCƜǴ

ſ]ɬї,:�>���~�x¤<˭і

,: 11.5dBBƜį]ͮТ;"Y�(ZC
ÝҨҶƜǴſBĊėĭ̷ȧ(Ɔ 11)<˭і
,:ƜǴǿ!Ý±,:�Y!�(ZCî

š!°ǢBƖʶI<×Ѷ*ZYҢB¦v

!ŏƂ<ψ�WZY�2˨BƜǴſ]ɬї
,4ƙŤ(Ɔ 12)C*W? 13.5dBBƜį!
ͮТ;"Y�.>\6Ã˨BƜǴſ;Ś

îҭĭ! 25dB Ɯį,4(<!ͮТ*Z
4� 
   

 
     (a)Eҳ 

 
   

 
     (b) Hҳ 

   Ɔ 6.��~�x¤`¨���{«¨ 

 
  

 
     (a)Eҳ 

 
  

 
     (b) Hҳ 

  Ɔ 7.��~��~}`¨���{«¨ 
 

 
Ɔ 8.2�2��~��~}�¥«�`¥b 
 



 50 

 
Ɔ 9.2�2 ��~��~}`¥b`¨��
�{«¨ 
  

 
     (a)Eҳ 

 
  

 
     (b) Hҳ 

Ɔ 10.Ã˨ƜǴſ]ɬї,4��~�x
¤` ¨���{«¨ 
 
  Ͽ 1.��~�x¤?�&YŚîҭĭB
˭і 
ƜǴſ>,       -30.67dBm 
ň˨ƜǴſɬї       -19.17dBm 
Ã˨ƜǴſɬї       -5.67dBm 
 
 

 
Ɔ 11.ÝҨҶ FET ]̈́�4ƜǴſBĊė
ĭ̷ȧ 
 

 
Ɔ 12.Ӎėĭ FET ]̈́�4ƜǴſBĊė
ĭ 
     ̷ȧ 
 
4.M<P 
  ʮƘŭ;C�SPS2000 В͊?�&Yѧ
ҭ̈́`¨��BǙƒԄѕ҉Ԅƥ˚ϓĽ]̜

щ.YǢƒ`l�a�ҧ`¨�`¨

��`¥bBЗВʈ˿?8�:Ƙŭ,�

ЗВ˿?Ɩ9�:Мã,4`¨��B̘

ǅ]Ϻ74�*W?�Ã˨ƜǴſ]ɬї

,4��~�x¤BМãԄ̘ǅ]Ϻ��2

BάʺVX�Ӎėĭ`¥bĽIBƖͰ�

«{]ȘY(<!;"4� 
 
Œψʁ̻ 
[1] ƪҝ͕ҭϼʔ§«j¨mm¤«�

SPS2000 {vl}«� “SPS2000 ˑȤ
В͊ʣ ʞǅ̵” ƾǄͷƼͬȿ�1993
Ƿ 7ʥ. 

[2] S. Kawasaki,  Y. Kido,  T. Takano,  
“Laminated Active Integrated Amplifier 
Antenna Arrays for a Space Solar Power 



 51 

Satellite,” IEEE Trans. Microwave Theory 
Tech.  Vol.47, pp1901-1909, Sep. 1999. 

[3] ʫȼŻʚ�ʎǧǂ»�ťͅҥљ�ǧǦ
ξ͉�Ӎ҈ȣ�ҏŕîÊ�ß�ʫѰ  “
Ǣƒ 2�2 `l�a�ҧ`¨�`¨
� � ` ¥ b B ɶ Ż ”, î Ƽ Ʌ ˿
MW99-124, pp.45-50, 1999Ƿ 

[4] ʫȼŻʚ�ʎǧǂ»�ͫ˙ǂǸ�Ҏͅ
ǂ»�ǧǦξ͉�Ӎ҈ȣ�ҏŕîÊ�

ß�ʫѰ�ȹǝϣŉ ”��~��~}
ƒѧҭ̈́`l�a�ҧ`¨�`¨�

�Btv��”,  1ƁƾǄƪҝ͕ҭt
v��(SPS)t¨�uc�Э̢Љʍҧ,  
pp71 

 
 


