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Abstract  Recently, the wireless system, which can transfer data and power simultaneously, called “Wireless 
communication and power transmission (WiCoPT), has been widely noticed. The major problem of this technic is 
improvement of the power conversion efficiency (PCE) with modulated input signals. In this report, we measured and analyzed 
the rectifier operation with modulated signal. As compared with CW, we evaluated the PCE and the rectifier operation with it. 
The PCE with any modulated signal is lower than the efficiency with CW and we clarified that the higher symbol-rate is, the 
lower PCE is with modulated signals.   

Keyword  Wireless Communication and Power Transmission(WiCoPT)ƒDigital Modulated Signal, Power Convergence 
Efficiency(PCE) 

 
 

1. -�5+  
űé ,ĕy�,Ɔ¡�ųKMSf(�&�ųŌ�x

ŝ ' � ; Ģ Ō Ɔ ¡ � ų (WPT: Wireless Power 
Transmission) �Ĝĵ=Ƅ5&�; .� Ą+ ,ĪÊĳƆ(
¼.<;AYnDtZtaMS?rFôŘ=¹5 ,Ĕ
½,[RSmtoMsHtVoM¥×Ĩ,ÇĴôŘ(

�&Ĉë�<&�; . 
�9+ ,Ɔ¡(ñÈ=·ă+�ų�;ĢŌñÈƆ¡

� ų (WiCoPT: Wireless Communication and Power 
Transmission)[1]ôŘ,ĺłƀĳ6ĝĳ+ŵ59<&
�; .WiCoPT -[RSmtoMĢŌNrItYRUq
tE [2]7@r`lrUKMSf [3]Ň,§ĲKMSf
0,ïĬ�Ĉë�<&�; . WiCoPT,¬ĩÂ=Â 1+
ļ� .d@Epěæ=Ĭ�; WiCoPT - ,Ŵç,ÌŪě
',ñÈŴ�+¢� ,®��"�³=®�Ż,ÿĞ½
+8:»ěþÌû�&í9<;ĶĞƆ¡=ƆÑĔ½,
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Ɔ Ġ (Ɗ ¤ Ɔ ¡ )+ � � Ĭ � 8 � ( � ; 6 , ' �
; .WiCoPT +��&-·u»ěþ'Ɔ¡(ñÈ=·ă  
6��-ă� '�ų�;KMSf7ı*;»ěþæ

=Ĭ�&Ɔ¡(ñÈ=�ų�;KMSf*)�ĎŠ�

<&�; .�,8�*KMSf=×Ĩ�;"5+-ÿ
Ğ½+�¡�<"�³,ĶĞƆ¡Ìû,ƌ£ħ¥�ď

5&Žŝ'�; .��� ,Ŗő9�Èº�&�;8�+
ÌŪ�³,ÿĞ½�¡ă+- ,CW�³�¡ă(ĘŰ�
&Ɔ¡Ìû£ħ (PCE; Power Conversion Efficiency)�
�w�;ũƈ��; [4].ĉÈº'-ŀ,ÌŪ�³
(FSK,BPSK,QPSK,16QAM)=ÿĞ½+�¡�"(�,
PCE=ğÖŢ�� ,CW�¡ă, PCE(ĘŰ�&ŞČ=
�",'Èº�; . 
ĉÈº'-Cim>»ěþ 2.45GHz,�ěÿĞ¾Ů

'�;P@BtV_mRLÿĞ¾Ů=Ĭ�&ĎŠ=ŵ

5" .ņ 2 Ņ'ğÖ+Ĭ�"ÿĞ½+%�&ŨĂ=ŗ
� ,ņ 3 Ņ'ğÖŊč+%�&Ų1; .ņ 4 Ņ+��
& ,CW�¡ă,ÿĞ½¤¤�(ĘŰ�*�9ğÖŊč
=ŐÙ�; . 

 

2. _mRLÅÿĞ¾Ů  
� 2.1 ¾ŮĒò  
Â 2 +ĉĎŠ'�Ĭ�;P@BtV_mRLÅ�ě

ÿĞ¾Ů,¾ŮÂ=ļ� . 
�,¾Ů'-KkRUCt[m>P@BtV= 4 %
�Ĭ� ,�,¾Ů+-�¡�³,�ķ� 180�ı*$"
ä¤�³=�¡�*�<.*9*�"5ÿĞŻ�,�

ė+ 180�Ɔ¡�ż½=úŋ�" . 

ä¤�³=īò�; 180˚Ɔ¡�ż½(ä¤�¡�<
"�³=×ƃ+ÿĞ�;ÿĞŻ�-��Çċ'ţ�� ,
���=ģð@r]tPrM 50Ω,·ůGt_n'ú
ŋ�&_mRLÅ�ěÿĞ¾Ů=Ēò�" .Â 3 -š
şsţ��"ÿĞ¾Ů'�; . 
ĉÈº'- Avago Ľ,KkRUCt[m>P@Bt
V HSMS-285 =�Ĭ�&�; .3"�¡÷ö- 0Ω �9
500Ω 3'¯Ì'�;ūŕ÷ö=úŋ�&�; . 

 

� 2.2 KejotKkrŊč  
� ¾ - Agilent Ľ , ¾ Ů K e j o t O t ADS 

(Advanced Design Systems),ŞČArLr'�;Zt
hXRE[lrMĚ=�Ĭ�&šşKejotKkr

=ŗ$" .�¾�Ĭ�"P@BtV/Çċ,\lg
tO= <!<ř 1,ř 2 +ļ� . 
Â 4 - RF-DC Ìû£ħ(ūŕ÷ö ,�¡»ěþ ,�¡

Ɔ¡,Ɓ�=ļ�"Â'�; .ÂƔ (a)-ūŕ÷ö= 0
��9 500�3'Ì¥��"ƃ,ūŕ÷öÚ DC Ìû
£ħ=ļ�&�; .�¡Ɔ¡ 10dBm ă+ūŕ÷ö 264Ω  
+��& ,ąƌÌû£ħ 55%=×Ĩ�&�; .3"Â
4(b)-ūŕ÷ö= 264�+ÃÖ�"(�,�¡»ěþ
ÚÌû£ħ,Ɓ�=ļ�&�; .700MHz �v,æÆè
(2GHz~2.7GHz)+��&Ìû£ħ 50%�v=×Ĩ�&
�; .3" ,Â 4(c)-�¡»ěþ 2.45GHz,�¡ūŕ÷ö
264Ω +ÃÖ�"ă,�¡Ɔ¡ÚÌû£ħ=`pRU
�"Â'�; .�¡Ɔ¡=Ë¢��;(Ìû£ħ�©
Ū+Ë¢�;6,,�¡Ɔ¡� 22dBm =ŭ�;(Ì

 
Â 1.   ĢŌñÈƆ¡�ų,¬ĩÂ  

 
Â 2.� ĉĎŠ'�Ĭ�;ÿĞ¾Ů  

 
(²�� 180˚Ɔ¡�ż½ ,ã��ÿĞŻ� ) 

Â 3. ×Ś�"ÿĞ½  
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û£ħ��w�; .Â 4(d)-ÿĞŻ�+ä¤�³,�
ķä= 180˚�9 0˚3'Ì¥��"ă,�¡�³,�ķ

äÚÌû£ħ,Ɓ�=ļ�&�; . 
�¡�³,�ķä� 180˚,ă�ąƌÌû£ħ (55%)

=Ŷò�&�: 180˚�9,�ķä 30˚��'�<. ,Ì
û£ħ,�w-ąƌ£ħ�9 10%��+õ�;�(�
'�; . 
 

� 2.3 CW �¡×ğŊč  
ţ�¾Ů,ğÖ=ŗ$"Ŋč ,�¡Ɔ¡ 10dBm ă,

ąŸūŕ÷ö- 70Ω (*: ,KejotKkră,ą
Ÿūŕ÷ö 264�(ĘŰ�&Ƈç+Ý�*�(*$" .
ūŕ÷ö 70�+ÃÖ�&�¡Ɔ¡= 0dBm�9 25dBm

ř 1.P@BtV,\lgtO  

Parameter Unit Value 

BV V 3.8 
Cjo pF 0.18 
EG eV 0.69 
IBV A 3E-4 
IS A 3E-6 
N  1.06 
RS Ω  25 
VJ V 0.35 

XTI  2 
M  0.5 

 

ř 2. Çċ,\lgtO  

Parameter Unit Value 

Çċ« H mm 1.6 
ŧƆħ ε r  3.4 
ÜƆħρ  5.8E7 

ſÞżŌ« T um 38 
ŧƆĖú Tanδ  0.003 
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(b)�¡»ěþÚÌû£ħ  
Â 4 ÿĞ¾Ů,KejotKkr�  
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(c)�¡Ɔ¡ÚÌû£ħ  
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(d) ä¤�³,�ķäÚÌû£ħ  
Â 4� ÿĞ¾Ů,KejotKkr�  
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Â 5 ×Ś�"ÿĞ½,�¡Ɔ¡ÚÌû£ħ  

 

0 
2 
4 
6 
8 

10 
12 
14 

0 5 10 15 20 25 

PC
E

(%
)�

�¡Ɔ¡������

Rout  =70Ω 
Freq= 2.45GHz�

-3-



 
  
 

 

3'Ì¥��"ă,�¡Ɔ¡ÚÌû£ħ,Fl^=Â

5 +ļ� .Fl^8:ąƌÌû£ħ-�¡Ɔ¡ 24dBm
ă, 12.8%(10dBm �¡ă- 7%)(*: ,KejotK
kr�,ąƌÌû£ħ 75.9Ə (21dBm ă )(ĘŰ�&Î
��£ħ��w�&�; . 
�,¬¿(�& ,180˚Ɔ¡�ż½'ĳī�;ä¤�

³,�ķä7P@BtV,hTn��<&�;�(#

�'-*� ,�¾,ţ�'- 180˚Ɔ¡�ż½(ÿĞŻ
�=��+�ò� , <!<·ůGt_n'úŋ�&
�""5 , <!<,¾Ů,FlrV��Ŵ+*9�
Ɔ��ÔÖ�&�*�}�Ő�9<;Ɠ  

 

3. ÌŪ�³�¡ă,£ħ  
3.1 ×ƋāĚ  

Â 7 +×Ƌň,ĐİÂ=ļ� .Agilent Ľ,T?LO
n�³ĳī½ƐE4437BƑ=�Ĭ�&T?LOnÌŪ�
³=īò�&�; .ÌŪ�³,ŀƉ ,»ěþæÆ ,�¡Ɔ
¡,�î-�,Ĕ½'ŗ$&�; .�¡�³=ĻŦ�
; " 5 + ,Agilent Ľ , M b E U l f > W l @ J
(8565EC)=Ĭ�&ĻŦ�&�; .3"�³ĳī½,4
'-óć,�¡Ɔ¡=×Ĩ�;�(�Áƅ'�$""

5 Hewlett-PackardĽ,Ɔ¡Ëè½ (437B)=�Ĭ�&ó
ć,�¡Ɔ¡3'Ëè=ŗ$" .�¡Ɔ¡,ĻŦ-
Hewlett-Packard Ľ,\qtgtO (83020A)=�Ĭ�&
�; .�¡ƆÄ= Agilent Ľ,T?LOndnQgtO
(34401A)=�Ĭ�&ğÖ�" . 

 

� 3.2 �¡�³Ċ�  
� ¡ Ì Ū � ³ - ,FSK( Ì Ū ø þ : 0.7), 

BPSK,QPSK,16QAM =�Ĭ�" .�Ĭ�"Krcno
tU- <!<,ÌŪ�³' 5Msps,2Msps,1Msps (�
&�; .ř 4(a)�9 (d)+�¡Ɔ¡ 10dBm +��;´Ì
Ū�³,KrcnotU=Ì¥��"ă,�Ɔ¡,

99%=ª5&�; ,ªĆæÆè�8/ ,ă,]tE
Ɔ¡+%�&ļ� . 

�¡Ɔ¡,ÖŎ-´ÌŪ�³�9�¡�<&�;

�&,»ěþò�,Ł��'�:\qtgtO'ğÖ

�"�=ùĬ�&�; . 
 

 
Â 7 ĢŌƆ¡�ų,¬ĩÂ  

ř 4.KrcnotU+��;ªĆæÆè/  
]tEƆ¡  

(a) FSK �³  
Krcn  
otU  

ªĆæÆè  
(MHz) 

]tEƆ¡  
(dBm) 

5Msps 34 4.201 
2Msps 14 4.201 
1Msps 8 4.201 

 
(b)BPSK �³  

Krcn  
otU  

ªĆæÆè  
(MHz) 

]tEƆ¡  
(dBm) 

5Msps 6.7 -11.25 
2Msps 2.7 -11.25 
1Msps 1.4 -11.25 

 

(c)QPSK �³  

Krcn  
otU  

ªĆæÆè  
(MHz) 

]tEƆ¡  
(dBm) 

5Msps 6.7 -12.0 
2Msps 2.7 -12.0 
1Msps 1.3 -12.0 

 

(d)16QAM 

Krcn  
otU  

ªĆæÆè  
(MHz) 

]tEƆ¡  
(dBm) 

5Msps 6.7 -4.8 
2Msps 2.4 -4.8 
1Msps 1.3 -4.8 
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 3.3 ğÖŊč  
Â 8 +ř 4 +ļ�"�¡�³ă,ğÖŊč=ļ� .

Â (a)- FSK �³�¡ă,Ìû£ħ ,Â (b)- BPSK ��
³ă,Ìû£ħ ,Â (c)- QPSK �³�¡ă,Ìû£ħ ,
Â (d)- 16QAM �³�¡ă,Ìû£ħ'�; . 
3" ,CW�¡ă/´ÌŪ�³�¡ă,ąÎÌû£

ħ/ ,(�,�¡Ɔ¡,ĘŰ=ř 5 +ļ� . 
Â 8 ,´Fl^8:ÌŪ�³,KrcnotU�Ý

���³2)Ìû£ħ�Î���(���: ,3"ř 5
8:��<,ÌŪ�³6 CW ,Ìû£ħ(ĘŰ�&Ì
û£ħ����(���; . 

 

4. ŐÙ  
3 Ņ'ÌŪ�³�¡ă+��&KrcnotU�Ý

��2)Ìû£ħ�ƌ��(�ļ�"Ɠ�,Ŋč+%

�&´KrcnotU+��;MbEUlf+Ĺĵ�

" .�(�& QPSK �³+%�&ļ� .Â 9 8:Krc
notU�Ý���2)»ěþæÆè�ĥ��(��

�; . 
%3: ,·�¡Ɔ¡'KrcnotU�Ý��Éµ ,

Ɔ¡Øê�ƌ�*: , <�¬¿' DCÌû£ħ�ƌ�
*$"(Ő�9<;Ɠ��� ,ÌŪ�³+8:Ìû£ħ
+ŷ��ī�&�;ĩĮ7�¾�Ĭ�" FSK �³Ì

Ūøþ (0.7)�Í,  ÌŪøþ,Ìû£ħ+%�&ŞČ
-�ì,ũƈ'�; . 

 

 
� (a) FSK �³�¡ă,Ìû£ħ  
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� (b) BPSK �³�¡ă,Ìû£ħ  
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      � (c) QPSK �³�¡ă,Ìû£ħ                   (d) 16QAM �³�¡ă,Ìû£ħ  

Â 8. ´ŀÌŪ�³�¡ă,�¡Ɔ¡ÚÌû£ħ  
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     ř 5. ´�¡�³,ąƌÌû£ħ  

�³  ąƌ£ħ  �¡Ɔ¡  

CW 12.8% 24dBm 

FSK(1Msps) 8.31% 21dBm 

BPSK(1Msps) 6.87% 25dBm 

QPSK(1Msps) 11.58% 21dBm 

16QAM(1Msps) 4.69% 25dBm 
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5. 3(5  
ĉÈº'- WiCoPT ×Ĩ,ġ+´ŀÌŪ�³=�¡

�"ƃ, DCÌû£ħ+%�&Èº=ŗ$" .šş�"
ÿĞ½-£ħ�Ŕ�$"6,, ,×Ś�"Ŋč-Ke
jotKkr�(ĘŰ�&Î���w�&�3$" .
�,¬¿(�&-�ò�" 180ºƆ¡�ż½�óć,ģ
ð=í9<*�$"}�Ő�9<; . 
ì¨'- FSK,BPSK,QPSK,16QAM ,´ŀÌŪ�³

=�¡�"(�,Ìû£ħ+%�&ĎŠ=ŗ$" .CW
(ĘŰ�;(�<9,ÌŪ�³�&,Ìû£ħ-��

6,'�$" .3" ,KrcnotU,���³2)Ɔ
¡Ìû£ħ�ƌ��(=Ă9�+�" . 

�ì,|Ö(�&- ,FSK �³,ÌŪøþ=Ì¥�

�"ă,Ìû£ħ=ĎŠ� ,Ą+´ŀÌŪ�³'Ìû
£ħ�ı*;¬¿+%�&Ťŉ+ŞČ=ŗ�|Ö'�

; . 
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(a)KrcnotU 5Msps , QPSK 

 

(b)KrcnotU 2Msps , QPSK 

 
(c)KrcnotU 1Msps 

Â 9.´KrcnotU,MbEUlf  
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