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Fig. 1. Schematic of the focusing metasurface for enhancing

communication efficiency.
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Fig. 2. Regional focusing of the plane waves after passing

through the metasurface.
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Fig. 3. Schematic of the phase distribution for the designed

metasurface.
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Fig. 4. Design of the Jerusalem cross and circle ring cells of
the metasurface.
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Fig. 5. Simulated transmission of the unit cells: (a) Amp-
litude; (b) phase.
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Fig. 6. Simulated energy distributions of the pure glass and
the metalens: (a) Energy distributions on the front of the
pure glass; (b) energy distribution on the side of the pure
glass; (c) energy distributions on the front of the metalens;

(d) energy distributions on side of the metalens.
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Fig. 7. Comparison of the field intensity at the focusing
areas between the pure glass and the metalens in the Wi-Fi

working band.
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Fig. 8. Photograph of the fabricated metalens (a) and pure
glass (b).
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Fig. 9. Experimental demonstration for the focusing proper-

ties of the metalens in the microwave unreflected chamber:

(a) Pure glass; (b) metalens.
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Fig. 10. Experimental test field-intensity enhancement of the metalens: Intensity at different focal lengths of 2.412 GHz (a) and
2.484 GHz (b) of the pure glass; intensity at different focal lengths of 2.412 GHz (c¢) and 2.484 GHz (d) of the metalens.
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Fig. 11. Experimental test field-intensity of the metalens at different frequency points at 50 cm: Intensity of different frequency

points of the (a) pure glass and (b) the metalens.
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Fig. 12. Experimental demonstration of wireless communication based on the metalens in microwave unreflected chamber.
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Table 1.  Comparing the download speeds of signals traversing the pure glass and the metalens.

BEES /cm 50 55 60 68
SRR B IS T G /(Mb-s ) 31.15 30.88 30.28 29.42
SEIT BRI T AR /(Mb-s 1) 51.90 50.89 49.98 32.56
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Fig. 13. Experimental demonstration of signal enhance-
ment by the metalens: (a) Speed-test result with the air;
(b) speed-test result with the pure glass; (c) speed-test re-
sult with the metalens.
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Fig. 14. Experimental demonstration of wireless communication based on the metalens inside the staircase: (a) Speed-test result

with the air; (b) speed-test result with the pure glass; (c) speed-test result with the metalens.
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Fig. 15. Stability testing of wireless signals in different environment: (a) Speed-test result of stairwell; (b) speed-test result of indoor.
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Abstract

This paper presents the design of an optically transparent metasurface tailored for the 2.4 GHz Wi-Fi
band. It is optically transparent and attaches to both sides of the glass to improve communication efficiency.
The shape of focusing region is a rectangle with an area of 5 cm by 5 c¢cm and a length of 10 cm. The
metasurface attaches to both sides of the glass and realizes area focusing. To meet the requirements for area
focusing, the metasurface possesses a double-layer structure of a Jerusalem cross and a circle, and the
conductive thin film is a conductive and optically transparent copper mesh. The spatial distribution of field
strength in a microwave unreflected chamber is scanned to verify the regional focusing effect of the metasurface.
Compared with ordinary glass, the metalens achieves field enhancement of more than 7.3 dB in the designed
aggregation region, with an average download speed increasing 20.2 Mb/s. Subsequently, the download speed
and network speed stability in different scenarios are tested. The standard deviation is used to calculate the
dispersion of the download speed. The results demonstrate that in the focusing area, comparing with ordinary
glass, the average download speed of the signal across is increased by 13.8 Mb/s in the indoor environment,
accompanied by a reduction in the standard deviation by 0.5. In the stairwell, the average download speed of
the signal across of the metalens is observed to increase 12.1 Mb/s, accompanied by a reduction in the standard
deviation by 1.4. In conclusion, the metasurface lens demonstrates the better ability to significantly reduce the
standard deviation of download speed data in both indoor and stairwell test environments than in air and
ordinary glass. This results in the effective smoothing out of the speed uctuations and the enhancing of signal
transmission stability. Therefore, the ability of metalens to effectively reduce the amplitude of download speed
fluctuations in various indoor environmental contexts confirms its key role in adapting to complex environments
and improving the wireless communication performance. Moreover, the download speed of signals passing
through the metalens is increased by more than 12 Mb/s in both test environmentsthan that of ordinary glass.
This effectively improves not only the signal strength but also the communication efficiency. Concurrently, the
designed optically transparent metasurface lens is straightforward in structure and user-friendly, and at the
same time, it is moveable and can be positioned according to the needs of communication enhancement. The
optically transparent metasurface lens scheme proposed in this study provides a potential solution to the high

penetration loss problem currently encountered in indoor wireless communication.
Keywords: metasurface, optical transparency, Wi-Fi, signal enhancement
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