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Numerical Analysis of Active Patch Antenna for Wireless Power

Transmission using FDTD Method
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Abstract It is required for the microwave power transmission technology that the microwave source generate high

power and show the high DC-RF conversion efficiency. The active integrated antenna with simple structure and

the high output power is suitable to the power source for the microwave power transmission. In this report, the

simulation method for the self-oscillating active patch antenna using the negative resistance device is described.

The simulation results using the FDTD with SPICE is included.
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W 6.4 [mm] L 6.4 [mm] d 0.8 [mm]

L1 3.2 [mm] L2 2.4 [mm] h 0.8 [mm]

εr 3.5 Rin 50[Ω] Vm 1.0

f1 5 [GHz] f2 20 [GHz]

(ωi = 2πfi)

BDCFEHGDIJ;K Ó�L 1 è ENM�OQPQRTSU è Ð�Ñ T1-T2 VXW

EXM�O Ý�Y[ZD\^]�_;`Qa RDbcJ^d^RTe ÝTfg-à�â(Öh#ijFk
ã dx = dy = dz = 0.8[mm] ÒFlDm enSoMTp ã dt = 1.4[ps] q
à�â�Ö
Ø 3 ×�Ò Ð�Ñ T1 Ò T2 m è�é>ê v12 r^s�Û�Ü#×�t'uDZ#v é t

i12 è lTw#x#y�Ý�Ù3à�â	ÖHØ 3(a) ã�fngFz�{;l+|FVNW 1[µs] }
~ ÚHÕc� Ï è v12

Ï Ô�ÕSÖn���#×�ÒHØ 3(b) ã i12
Ï Ô>Õ�Ö+f�g

z�{;V�W 0.1[µs] � Ï ã��#� E i e Ó��^u���� ÒN��u�#�#ãEXM�O ÐHÏ+�c� à�â E i e Ó+�c�_à	�VÓNW��Fu#�#��ÕD� q ÓT�� Ï^� ÕSÖ
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V12 Ò I12 Ý���u'��ucfng3à�âT��ÒQ� è+  −V12/I12 ¡Q� ÒEXM�O;P^R�SU è _'`^a Rb�JFdFR�e Ý�fng=à�â	Ö 5[GHz] ¢£ ×c�;¤�ÕTf#gy èT¥ uoã�Ò FDTD èT¦ ��§=à ¨cÓ�©Dª Ï �
VQ«�â�â¬&×��;uHâ q�D® W�u#Õ�Ö�¯�'° ì ¨5ã 6.8[GHz] q
16.8[GHz] Ò 17.7[GHz]
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Ï �c�/à�â q �
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4. 3 �����������F³o´	µ
	 ×�Ò Ð�Ñ T1-T2 m�×>Ø 8 ×�Ù&Ú�
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��(æ�ç#y#ã −10Ω q
àSâ�Ö#Ø 9 ã v12 è l+wxny¢Ý�ÙáàzÒ (a) ãTfngFz�{^VHW [µs]

— 15 —



-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

(a) t = 0.591µs (b) t = 0.612µs (c) t = 0.626µs

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

(d) t = 0.638µs (e) t = 0.666µs�
5 $'&)(���2���� ��� ���	� (6.8GHz)

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

(a) t = 0.586µs (b) t = 0.595µs (c) t = 0.602µs

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

-8 -6 -4 -2  0  2  4  6  8
position x [mm] -8

-6
-4

-2
 0

 2
 4

 6
 8

position y [mm]

-1

-0.5

 0

 0.5

 1

(d) t = 0.607µs (e) t = 0.617µs�
6 $'& (��T2��
� ��� ����� (16.8GHz)

T1

T2

i12

v(t) Rin 
(<0)

v12

�
8 �
���� ���

} ~ ÚHÕc� Ï è y�Ò (b) ã [µs] VHW [µs] è y5Ý?Ù�ÚSÖ�fcg'zT{
l>×�ã���� E i e è�ì�í Ó+Y ® ���Õ�Ó	Ònf�gHÓ��^v>×+Ònu#�
ÆFÇ	ì Ó Ã�� à	��� ó?è Ó�ÙDVoÕSÖ¼� è[q � Ò ÆFÇ	ì#è ° ì ¨

ã 6.8[GHz]
Ï Ô#«�âSÖD�	u>ã�Ò ã ��� è	Æ���� i J#p Ý B Ã Ú

Õ EHM ODPFR	S�U è ¯n�n° ì ¨ 6.8GHz q 16.8GHz Ò 17.7GHz

è[Ì�Í Ò æ �në�� Ó�� ÷�� Ä ó Q Ó��'��° ì ¨�Ó 6.8GHz
Ï Ô

Õ+VHW q	#® Wöu#ÕSÖQ�VâSÒ#° ì ¨oÓ 16.8GHz r;s 17.7GHz

è�é J�ê Ï ã 
���æ(ç;×F¡VÕ��cõ é `¼¡Q� ÷ æ � ×F¡	Õ ë � é
`�Ó"! �$#¨&%�¨ ø ×��#�áà��#�HÕ è ×�'áà Ò 6.8GHz è�é Jê ã�#n¨&%�¨ ø ×�ônõ_à��#�oÕVân¬�Òc¨n°#Ï Ï 6.8GHz è�é Jê ]#¤�Ó"(�)c×��'u#Õ� q Ó�ÙVHÕ�Ö[¡Q�$*,+ è ¡�� PFR�ScU

Ý�-#f�Ú#ÕV×�ãSÒ 6.8GHz
Ï ã 
���æ�çoÓ � Ä ó Ò 16.8GHz

Ï

���æ(çHÓTü � ó ��ÕD¡ Ì �". Ú ÛSÜ è -#f�Ó"/�0 Ï Ô&Õ�Ö
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(a) t = 0.564µs (b) t = 0.572µs (c) t = 0.577µs
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(d) t = 0.580µs (e) t = 0.592µs�
7 $'& (��T2��
� ��� ����� (17.7GHz)
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(b) t = 400 � 1000µs�
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11 ����� ��������� ��� ����� 

� ì ÚoÕSÖ Î �"! � Ñ Ý$#&%')( J #+* R Ú#ÕV×�ã Æ�, � é -
i#Ó�/ 0 q �HÕ(Ó�Òo�'� Ï ã;��.���/ è�0[ðXq à��cü�1"2¼l
è 
 ��æ�çF� ì�èð ×�354�àSâ�� Ñ é6- i Ý��Q�Hâ(Ö �7� è
Î���! � Ñ ã é&ê98�é t é�- i;Ý��'�&ÕSÖ à	V�à��(ÓoW�Ò : ;
< Ï �;�oâ FDTD q SPICE è�=6>'Á k5ã é t �6? Ï Ô�Õ�â
¬�Ò é t 8?é>êFé - i è Õ Ì ÓA@ �CBF� � ÚD�	Ö$Dn�#ã�Ò éº
�E?5×[¡�Õ FDTD-SPICE =E>FÁ k Ý�FEG=à?Ò �7� è � Ñ é
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13 � � ��� � $'&)(��T2 �
�T������� � � i12 ��� ��!�"

- i5Ý ��� ×�þ6�
	���Õ;¡ Ì ���� Ý��_àSân�VÖ$:�; < Ï ã�Ò
Ø 10 ×�Ù�Ú&Û�Ü Ï ÒHØ 11 è�� ��Ý�Ù&Ú é�- icÝ��cÈ/à��c���
è fcg�Ý � �áà�â�Ö¼� èQq � Òn_D` é tn�'Å�Ó+ônõoÚHÕ q 
��
æ>çHÓ�� ì ÚHÕ�ÖHØ 12 × é tn�;Å q 
 ��æ>çDy è %��¢Ý Ù3à
âVÖ��� E i e ã v(t) = sin(ωt)(t < 1/f) Ò�ä�å&æ&ç;ã 5Ω Ò
f = 6.8GHz q à�âSÖ�Ø 13 × é t i12 è l�wnxcy5Ý�Ù&Ú�Ö ã �
° ì ¨#ã 6.8GHz

Ï Ô'«�â�Ö ã �HÓnz+{oÄ�uVÒ ~�� ÊnË5Ý } �
ÈcÉÊnËc×��5Õ�� Ñ Ó ,�� Ï^� â�Ö

5. � � �
P� �S"!$#�EXM�O'P;R	ScU è #&%')( J #+* R Á kH×�Ò�c�

F$G à âSÖ�ª�Ð à â E¼M�OPDR�S�U è #�%�'E( J #&* R ¡F� Ò�ª
Ðáà�â ENM	O íQ�+u'��u�Ó P;R�SnU q à�� ÚnÛ ÚHÕ'¡ Ì � é Jê Ï �c�&Ú#Õ q�æ � *,+oÓ Â �VÚ#ÕD� q Ó�ÙVQ«�â�Ö^�	âSÒ�

��æ�ç�ÝTm�%�×�&#_&Ú#ÕD� q Ï EXM�O Ó(' � ã ��Ú#Õ�Ó�Ò æ �
*�+ è�) � ) 	 è ¯n� é J�ê Ï �n�HÄ�u#Õ� q Ó�ÙDV^«�â�Ö à
â	ÓQ«���Ò æ � *�+�Ý Â �VÚ#ÕV×�ã ) 	 è ¯n� é Jÿê Ý�ç ê Ú
Õ*��oÓ�/�0^�^� q ÓcÙV;«	â�Ö�
��(æ�ç�� Ñ Ý é�- ��R$+ Ú

Õ�,�?�Ò�-nÉ é>ê 8?é t � ��Ý �'��Õ è Ï Ò FDTD q SPICE

Ý é t ë k Ï ��?/à�â�,�?".�/oÓ ä10 Õ'� q Ó�ÙVQ«�â�Ö32 ®4

��(5 R�d� #KDR�e Ý�ÙoÚ�� Ñ Ý é�- ��R$+ à�â q � Ò�� Ñ

×�tuHÕ é t#×�'/à���6c¨ è�é>ê Ý?Ù�Ú¼� q Ó&Ô>Õ è Ï87�9 Ó
ã�: ÚoÕ'� q Ó�Ô>ÕSÖ�Dn�cã é>ê�ë k5Ý��'�n��Òo¡Q� ��� ø �
� Ñ é�- i&Ó8; ® Õ'¡ Ì ×;àÒ ��� è P� �S"!3#cPFR�ScU è �< q  �= F G/à�â��VÖ > ?
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