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Abstract—Microwave wireless power transmission 

technology has been applied to several applications 

with advantages, such as solar power satellites, 

remotely powered vehicles, surveillance platforms, 

wireless sensors, and radio frequency identification 

(RFID) tags. The design of a rectifier with high 

MW-DC conversion efficiency is crucial in 

microwave wireless power transmission technology 

due to its enormous influence in the overall system 

efficiency. 

  Most of the studies of rectifier choose schottky 

diodes as the rectifying device [1-8]. However, due to 

the nonlinearity of the diode, it is hard to design a 

rectifier with high efficiency without large quantities 

of computer simulations, especially under large 

signals condition. Therefore, a theoretical analysis of 

diodes in a specific rectifier circuit is important. 

References [1] and [8] present two theoretical 

analysis methods based on one-diode circuit model. 

In this work, we will expand the one-diode model 

analysis further to voltage doubler model analysis.  

  Mechanism of diodes in a voltage-doubler rectifier 

has been studied. From the diode junction voltage 

waveforms and diode current-voltage characteristic 

curves shown in Fig. 1, closed-form equations for the 

diode input impedance and efficiency have been 

derived and expressed as (1) and (2). 

  The closed-form equations have been validated by 

comparing the calculated results with the simulated 

ones by the Advanced Design System (ADS) software. 

The comparison charts are shown in Fig. 2 and Fig. 3. 

The closed-form equations are applicable for 

microwave voltage-doubler rectifier and can be a 

useful tool for design. 

  In this paper, a rectifier which is work at X-band 

has been designed and tested. The selection of diodes 

was based on their MW-DC conversion efficiencies 

which can be calculated by equation (2). The design 

of impedance matching network was based on its 

impedance which can be calculated by equation (1). 

The measured efficiency of the proposed rectifier 

is 72% which is in good agreement with the 

calculated results. This efficiency of the proposed 

rectifier ranks high on the list of the related works at 

X-band which are shown in Table. 1. 
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Fig. 1 The model of a voltage doubler rectifier 
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Fig. 2 Diode junction voltage waveforms and diode 
current-voltage characteristic curves. 

 
In Fig. 2, VF is the forward conduction voltage, VI is 

the voltage across the diode. Vj is the diode junction 
voltage, θi is the diode conduction angle, Vbr is the diode 
breakdown voltage. VL is the dc output voltage, Rs is the 
diode series resistance, Rj is the diode junction 
resistance, cj is the diode junction capacitor. 
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Fig. 3 Comparison of HSMS-286C diode impedances 

between calculated and simulated results in ADS. 
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Fig. 4 Comparison of HSMS-286C diode efficiencies between 
calculated and simulated results in ADS. 

 

In Fig. 4, the calculated efficiencies were calculated 
by equation (2). The feasibility of equation (2) has been 
validated by the high consistency of the calculated and 
simulated results in Fig. 4. 

 

 
Fig. 5 The topology of the designed X band voltage doubler 

rectifier. 
 

  The special components which are different with 
other rectifiers in the circuit topology of Fig. 5 is 
microstrip lines L1 and L3. According to equation (1), 
the impedance of the diode has a capacitance. Then L1 
and L3 are used to cancel the capacitance so as to make 
ZIN in Fig. 5 to be a pure resistance. Therefore the 
impedance matching design will be easier. Based on this 
topology design, the optimal result can be obtained 
without too much computer simulation. 
 

 
Fig. 6The fabricated voltage doubler rectifier. 
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Fig. 7 The measured efficiencies. 
 
  The measured highest efficiency is 72.2%. This 
efficiency ranks high on the list of the related works at 
X-band which are shown in Table. 1. It proves from the 
side that equation (1) is feasible. 
 

Table 1. Comparison table of the proposed rectifier and 
related work at X band. 

Time Reference Device Power Efficiency 

1992 [[1] 
DMK6606,  

Alpha Industries 

20.79 

dBm 
60% 

2011 [2] 
HSMS-8202 

Avago 

245 

uW/cm2 
21% 

2012 [3] 
Diode-connected 

NMOS transistors 
-8 dBm 3.1% 

2014 [4] 
GaN 

MMICs fabricated 

34.14 

dBm 
64.4% 

2014 [5] 
HSMS-8101 

Avago 

15.5 

dBm 
67% 

2014 [6] 
HSMS-8101 

Avago 
17 dBm 71.9% 

2015 [7] MMIC ＞8 W 52% 

2016 This work 
HSMS-286C 

Avago 

19.4 

dBm 
72.2% 
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