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Abstract

This study presents a study on the design of a 5.8 GHz omnidirectional high-efficiency rectenna for IoT sensors in smart factories,
aiming for efficient power conversion and stable power transmission in wireless power transfer (WPT) systems. By utilizing an omnidir-
ectional antenna and a metamaterial-based design, the antenna gain was improved from 2.4 to 4.6 dB, and the application of a Class-F
harmonic filter enhanced the power conversion efficiency. The antenna and rectifier were integrated into a single module, and the per-
formance of the rectenna was validated through simulations and experiments. The experimental results showed that the rectenna achieved
a maximum power conversion efficiency of 72.2 % at 12 dBm input power in the 5.8 GHz band, with a maximum output voltage
of 3.86 V. In addition, successful power transmission was achieved over a distance of 1 m through the rectenna. This study provides
an efficient wireless power transfer solution for low-power sensor networks in smart factories and IoT environments to ensure high
performance.
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antenna layout.
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Fig. 5. 3D radiation pattern simulation results of the me-
tamaterial-based antenna.
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Fig. 6. Locations of fundamental and harmonic impedances
for the proposed rectifier on the smith chart.
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Table. 1. Parameters of transmission lines comprising the
proposed rectifier.

TL 70 (2) Oat ()
TLI 84 443
TL2 84 443
TL3 70 45
TL4 90 30
TLS 90 30
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Length unit: mm
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Fig. 7. Layout of the 5.8 GHz band omnidirectional high-
efficiency rectenna.
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Fig. 8. Photograph of the measurement setup for the fabri-
cated high-efficiency rectenna.
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Fig. 9. Comparison of simulation and measurement results
for the PCE of the proposed rectenna.
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Fig. 10. Comparison of simulation and measurement results
for the output voltage of the proposed rectenna.
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Fig. 11. Comparison of simulation and measurement results
for the reflection coefficient of the proposed re-
ctenna according to input power.
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Table 2. Comparison of proposed and published omnidire-
ctional rectennas.
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