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Abstract—This paper proposes a dual-band high-efficiency 
RF-DC GaN transistor-based rectifier. The use of GaN 
transistors gives the rectifier a large power capability. On the 
basis of the dual-band power amplifier, a dual-band RF-DC 
rectifier is realized by using the time-reversal duality theory. At 
the same time, a dual-band phase adjustment network and the 
input matching network are optimized integrally to realize a 
self-synchronous rectifier with a more compact and less lossy 
circuit. The simulation results show that at 2.0 GHz, 2.5 GHz, 
the rectifier has an efficiency of more than 75% when the input 
power is 40 dBm and dc load is 50 ohms.  

Keywords—dual-band, GaN, high-efficiency, rectifier, 
transistor. 

I. INTRODUCTION 

With the rapid development of radio frequency energy 
harvesting and wireless energy transmission technologies, 
many practical applications have been developed, such as 
wireless charging for sensors, mobile phones and so on [1]. 
Some potential applications require higher power 
capabilities, such as the charging of high-voltage electric 
vehicles [2], which are gradually entering daily life. The RF-
DC rectifier is a key component of the wireless power 
transmission system, which converts radio frequency power 
into DC power [3]. Traditional rectifiers are usually 
implemented based on diodes, and the power capacity is 
limited to about 1w [4]. This obviously cannot meet the 
application requirements of some high-power scenarios. In 
addition, due to the complexity of power transmission and the 
need to improve transmission efficiency, common single-
band rectifiers are often not practical enough in practice. 
Therefore, dual-band rectifiers with high power capacity are 
worthy of further exploration. GaN transistors are very 
suitable for designing high-power rectifiers due to their large 
current density.  

There have been some reports on high-power rectifiers 
based on GaN transistors in the literature [5-6].  There is a 
time-reversal duality between the rectifier and the power 
amplifier (PA) [7]. This means that the RF-DC rectifier can 
be realized by the first PA designed. Some high-efficiency 
PAs topologies such as Class-F [8], Class-E [9] are used to 
implement high-efficiency single-band rectifiers. However, 
GaN transistor-based dual-band rectifiers are rarely reported. 
In [10], a dual-band GaN transistor-based rectifier is 
proposed based on harmonic tuning. 

In this paper, we propose a new design method to 
implement a dual-band RF-DC rectifier. First, a dual-band 
high-efficiency power amplifier is designed, and then a dual-

band rectifier can be realized based on time reversal duality. 
In addition, the dual-band phase adjustment network and 
input matching network are optimized simultaneously so as 
to more compact and less lossy circuit. For validation, a self-
synchrony rectifier is designed and simulated based on the 
GaN transistor. 

II. RECTIFIER DESIGN  

A. Dual-band PA design 

In [11], we proposed a simple method for the design of 
dual-band PAs. In this method, a dual-band coupler is 
employed to design dual-band high efficiency PA. This 
coupler can not only realize the conversion of fundamental 
impedance but also meet the requirements of harmonic 
impedance, thus realizing high efficiency PAs. Based on this 
method in [11], we design a dual-band PA whose topology is 
shown in Fig. 1. 

 
Fig. 1 Topology of the designed dual-band PA. 

 As shown in Fig. 1, the electrical lengths of all microstrip 
line are θ0 at working frequency. Z1, Z2, Z3 are the normalized 
characteristic impedance of microstrip lines, where Z1, Z2, Z3 
are expressed as 

𝑍 = 𝑘 − √𝑘 − 1                                (1) 

𝑘 = 2.5 + √2 + 1.5 + √2 𝑐𝑜𝑡 𝜃                 (2) 

𝑍 =
√

                           (3) 

𝑍 =
√

                                                    (4) 

This dual-band coupler can operate at two frequencies (f1 
and f2) when the following relationships are satisfied: 

𝜃 (𝑓 ) =  ,      𝜃 (𝑓 ) =                        (5) 

B. Dual-band Rectifier design 

As the time reversal duality theory proposed in [7], a dual-
band rectifier can be realized based on the topology shown in 
Fig. 1. The designed topology of the rectifier is shown in Fig. 
2. A dual-band phase adjustment network is added to realize 
a self-synchrony rectifier, which is essential to achieve high 
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rectification efficiency. As seen from Fig. 2, the output port 
of PA is used as the input port. At the same time, the drain 
bias port is employed as the dc output port with a dc load of 
Rdc. The efficiency of the rectifier is calculated as  

𝜂 =                                                     (5) 

where Pdc is the dc output power flowing into the dc load. 
The Pin is the RF input power.  

 
Fig. 2 Topology of the designed dual-band rectifier. 

III. SIMULATION AND RESULT 

In order to verify the effectiveness of the proposed 
method, this paper designs a distributed parameter circuit 
based on Rogers 4350B, CGH40010F GaN HEMT, as shown 
in Fig. 3. The gate bias voltage is set to -3.5 V. In this paper, 
the input matching network and the phase adjustment 
network are adjusted integrally to obtain compact structure 
and small loss. 

66.3rεGSV

 
Fig. 3 Distributed parameter circuit diagram of rectifier. 
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Fig. 4 Efficiency versus RF input power under dc load of 50 ohms at 2.0 GHz, 
2.5 GHz. 

The designed rectifier is simulated, and the corresponding 
results are plotted in Fig. 4, Fig. 5, Fig. 6. As shown in Fig. 4, 
the efficiency varies versus RF input power. The maximum 
efficiency can be over 75% at 2.0 GHz, 2.5 GHz when 50 
ohms is loaded. Fig. 5 shows that the efficiency changes with 

different dc loads when an RF input power of 40 dBm. It is 
obvious that the best efficiency can be obtained when around 
50 ohms is loaded. Fig. 6 shows the efficiency changes with 
operating frequency under the conditions of input power of 
40 dBm and dc load of 50 ohms. It can be observed that the 
rectifier can operate well at 2.0 GHz, 2.5 GHz. 
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Fig. 5 Efficiency versus dc load under RF input power of 40 dBm at 2.0 GHz, 
2.5 GHz. 
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Fig. 6 Efficiency versus frequency under RF input power of 40 dBm and dc 
load of 50 ohms. 

 

IV. CONCLUSION 

This paper presents a dual-band rectifier based on the 
GaN transistor that enhances the power capacity of the 
rectifier. Also, the time reversal duality theory is used to 
design a dual-band rectifier based on the first-implemented 
dual-band PA. In addition, the dual-band phase adjustment 
network and input matching network are optimized 
simultaneously so as to more compact and less lossy circuit. 
The simulation results show that when 40 dBm RF power is 
input and a 50 ohms dc load is connected, the designed 
rectifier can obtain the efficiency of 75 % and 74% at 2.0 GHz 
and 2.5 GHz, respectively.  
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