
At the output of the antenna, we have AC voltage which needs to be

rectified. There are many ways to do that, but in this work, we are

focusing on half-wave and full-wave rectifier topologies (Fig. 3).

We suppose that a half-wave rectifier could reach a better efficiency

in low power applications, because diodes are the major cause of

power loss in a rectifier, and this topology uses only one diode.

Energy harvesting systems are becoming more and more efficient

and, in the future, could replace the need for batteries in low-power

electronic devices. A typical radio frequency (RF) energy harvesting

system consists of an RF power source, antenna, matching network,

rectifier, and power managing system (optional). The biggest problem

is that we can‘t collect a lot of energy from radio waves, due to free

space path loss, so it‘s important to minimize losses in every stage of

the system (Fig. 1).
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Our main objective is to compare two rectifier efficiencies in different

power levels. Measurement setup: input of the matched rectifier is

connected to the RF generator through an SMA connector; output of

the rectifier is connected to the voltmeter; the load is added in parallel

using a resistor. Using this setup, we measure voltage level in

frequency range from 1 GHz to 7 GHz in different power levels (0, -5,

-10, -15 dBm). Then efficiency is calculated using Eq.(2,3) and

results are plotted (Fig. 4).
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For impedance matching, we use a Quarter-Wavelength Chebyshev

Transformer (Fig. 2). To calculate the lengths and widths of microstrip

line sections of a transformer, we follow the textbook of S. J. Orfanidis

[1].

The real part of antenna impedance is matched to 50 Ω at a certain

frequency (here f = 2,44 GHz) by adding a segment which’s

impedance is equal to 𝑍1 = 𝑍0 ∙ 𝑍𝐿 (where 𝑍0 is 50 Ω and 𝑍𝐿 is the

impedance of the rectifier) and its length is λ/4. Complex impedance

is compensated by adding additional segment 𝑍2, which’s impedance

is fixed to 50 Ω, but length is calculated (using Eq.1) so that the

complex part of reflection coefficient at the load is equal to 0.
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Fig 1. RF energy harvester topology

Fig 3. Half-wave and full-wave rectifier topologies
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Fig 2. Impedance matching network diagram

Fig 4. Measured half-wave and full-wave rectifier efficiency at different power 

levels, when load resistance is 910 Ω

Conclusions

As expected, the half-wave rectifier works more efficiently at low

power levels (-10 dBm, -15 dBm), however, it is surpassed by the full-

wave rectifier at higher power levels around 0 dBm. It means that

when choosing a rectifier topology for a system that is intended to

harvest low-power RF energy, the number of diodes is an important

factor, which influences the efficiency of the rectification stage of the

system.
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