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FR-4 Substrate-Based Metamaterial Lens to Improve Signal
Strengths of the Antenna for RF Sensing and Cost Reduction, and
Observation of Its Frequency Response
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[Abstract]

For wirelessly connecting the RF sensing of the radar with a long distant object, the system must have antennas of a high gain.
Conventionally, they adopt arrays and curved lenses, but have problems of conductor and dielectric loss in the feed and ending
up with a large volume. This paper proposes an FR-4-substrate flat metasurface lens to intensify the RF signal, which undergoes
design, fabrication and test. To verify the design method, the antenna sized 64X 64mm’ is prototyped by inexpensive FR-4 PCB
etching process and its S;; and radiated wave are measured. Gain increase of around 10 dB and high directivity are observed at
the K-band.
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Fig. 1. Focusing incident waves from the antenna using a met
alens (a) Basic antenna, (b) Curved lens antenna, and
(c) Flat lens antenna.
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Fig. 2. Source patch antenna (a) Structure, (b) S11, and (c) 3D
radiation pattern.
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Fig. 3. Source antenna phase and the metamaterial lens phas
e (a) Diverging beam phase, (b) Compensation phase,
and (c) Discretized lens phase.
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Fig. 4. Unit cell of the metamaterial lens (a) Structure, (b) 1-bit
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e and phase of the transmission coefficient (S34) vs. th
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Fig. 5. Metamateiral lens (a) Structure, (b) Top view of radiatio
n pattern, and (c) 3D view of radiation pattern.
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