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Abstract
This paper presents a compact and efficient rectifying antenna or 
rectenna based on a dual-diode microstrip rectifier at 2.4 GHz. 
With association of electromagnetic circuit approach, this circuit 
has been designed and optimized. Low pass filter and via hole is 
not required because of differential topology of the rectifier. This 
makes the structure more compact reducing losses. Measurements 
of a single rectenna element show 80 % efficiency over an optimal 
load of 1kohm at a power density of 0.30mW/cm². To increase  the 
received power at the input of the rectifier and then, increase dc 
power over the load, the proposed rectenna has been interconnected 
to form arrays. 2 and 4 elements rectenna array connected either 
in parallel or in series. It was shown that by properly choosing 
the interconnection topology and the optimal output load, higher 
dc voltage or dc power has been obtained. The series-connected 
arrays can provide up to 3.85 times output dc voltage compared 
to the single rectenna. The parallel connected rectifyng antenna  
arrays generate approximately 2.15 and 3.75 times output dc power 
for 2 and 4
elements, respectively.

Keywords
Rectenna, Microstrip Rectifier, Array, DC Power, Low Pass 
Filter

I. Introduction
The rectenna or wireless battery is an essential device to convert 
wireless RF power into useful dc power. The conversion is usually 
performed by rectification. A rectenna contains a receiving antenna 
to collect microwave incident power and a rectifying circuit to 
convert RF power into dc power [1]. A rectifier is often made up 
of a combination of Schottky diodes, an input HF filter, an output 
bypass capacitor and a load resistor. The input HF filter localized 
between the antenna and diodes is a low-pass filter that rejects 
harmonics created by the non linear diode behaviour. It also acts as 
a matching circuit between the antenna and the rectifier [2]. In this 
paper, we propose an efficient dual-diode rectifier included on a
microstrip rectenna and rectenna arrays combination at 2.4 GHz. 
The proposed rectifier doesn’t need neither via-hole connections 
nor bypass capacitor. In addition, no input HF filter has been 
used. This makes the circuit very simple, more compact and low 
cost [3].

II. Dual Diode Receiver
The RF-to-dc microwave rectifying circuit shown in fig. 1 contains 
two Schottky diodes (D1 and D2) mounted with a differential 
topology. It contains a 50 ohm characteristic impedance microstrip 
feed line. At point P0, the input power is divided into two equal
entities that are rectified by diodes D1 and D2. These two diodes 
have the same impedance at 2.4 GHz and behave identically. 
The rectifier contains also two folded quarter wavelength open 
stubs, connected to points P1 and P2, which act as short circuits 
at 2.4 GHz and therefore isolate the resistive load RL during the 
measurement step [4- 5]. The distance L between stubs (connected 
to points P1 and P2) and diodes D1 and D2 has been optimized to 

tune out the reactances of the diodes and increase their efficiencies. 
In addition, due to the differential measurement of the output dc 
voltage over the load (VDC=V1-V2), no via-hole connection is 
necessary. Both diodes exhibit high impedances at 4.9 GHz. At this 
frequency, the distance between each diodes and the point P0 is
equal to a quarter wave length resulting in small impedance at the 
input of the circuit. The point P0 behaves like a short circuit.

Fig. 1: Dual Diode Rectifier

In this study, four dual-diode microwave rectifiers (Table 1) have 
been developed and compared. To compare numerical results 
over a large amount of RF power, the HSMS 2860 and 2820 
Schottky diodes in a SOT 23 package are used and their models 
are done in [6]. These two diodes are respectively characterized by 
a breakdown voltage BV of 7 V and 15 V. The rectifiers have the 
same topology and have been optimized for an RF input power of 
10 dBm (HSMS 2860 circuit) and 13 dBm (HSMS 2820 circuit). 
The dedicated optimal loads are listed in Table 1. Fig. 2 shows 
the simulated return loss (S11) of the rectifiers versus RF input 
power from -10 to 30 dBm at 2.4 GHz. Results obtained using 
Harmonic Balance method show that all rectifiers are correct ly 
matched (S11 < -20 dB) for an RF input power close to 10 or 13 
dBm depending the studied circuit. In Table 2, we present the 
harmonic levels at the input and output of the circuits. All results 
are normalized with the input RF power at 2.4 GHz. The 4.9 GHz 
second harmonic is always strongly attenuated at the input. This 
is due to the short circuit at point P0 at this frequency. The 7.35 
GHz third order harmonic is sufficiently attenuated for circuits 
2 and 4 (both based on HSMS 2820). However, circuits 1 and 3 
(based on HSMS 2860) exhibit an attenuation of - 20 dB. This 
can significantly affect the efficiency of the rectifier and then, the 
overall efficiency of the rectenna. At the output of the circuit, we 
can notice that the 2.45 GHz RF component is greatly attenuated. 
The resistive load is then correctly RF isolated.
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Fig. 2: Return Loss Curve

III. Rectenna Array
When a large dc output (voltage and/or power) is necessary, rectenna 
arrays are then needed. We focus here on the rectenna arrays with 
two different interconnections: series and parallel connections. 
Rectenna arrays have been formed from the single dual-diode 
rectifier previously described using HSMS 2860 Schottky 
diodes. Four rectenna arrays interconnections containing 2 and 
4 single rectenna elements were developed and experimentally 
characterized in an anechoic chamber at 2.4 GHz.

Fig. 3: Input Power Vs Resistance

IV. Parallel Interconnection
Theoretically, in the case of parallel-connected rectennas, the 
optimal resistive load is divided by the number of single rectenna 
element (N) and the dc voltage is the same like as a single rectenna. 
This means that the dc power (and then the dc current) is multiplied 
by the number of array elements.

Table 1: Parameters of the RF-to-dc Rectifiers

Table 2: Input and Output Harmonic Levels

V. Series Connection
When a single-rectenna element cannot provide a large dc voltage, 
the development of series connected arrays can be an alternative 
solution. In this case, the optimal load (RL) and the output voltage 
are mult iplied by the number of elements (N). Assuming that each 
rectenna cell behaves like a linear device, the efficiency remains 
constant when the number of elements increases.

Fig. 4: Voltage Ratio

VI. Conclusion
Rectenna arrays have been investigated and experimentally 
characterized. A combination of 2 and 4 rectenna elements were
interconnected either in series or in parallel. Assuming that the 
resistive load is optimal, measured results show good agreements 
with theoretical predictions. It has been shown that the choice of the 
topology of interconnection and the output load, can significantly 
improve the dc power and/or voltage across the load. It is obvious 
that series connection can give the highest output voltage than 
the parallel connection but both array interconnections exhibits 
efficiencies above 78% at a power density of 0.30 mW/cm2. 
These results can be useful for Wireless Power Transmission 
applications. The developed rectifier and rectenna arrays are 
particularly suitable to power remote supply of wireless and low 
consumption sensors, sensor nodes and actuators.
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