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Abstract ; In response to the pressing demands of current wearable medical devices for wide bandwidth, multi-functional integration, and
biocompatibility, this paper presents the design of a hybrid reconfigurable dual-band antenna based on an eco-friendly flexible paper
substrate. The proposed antenna employs photo paper as the dielectric substrate, with compact dimensions of 22x25x0. 27 mm” | offering
excellent flexibility and lightweight characteristics. Dual-band operation is achieved through stub-loading techniques, while integrated
PIN diodes function as RF switches. By controlling their ON/OFF states to alter the current paths, the antenna achieves four
reconfigurable operating modes in both frequency and radiation pattern: specifically, two dual-band directional radiation modes, one low-
frequency omnidirectional radiation mode, and one high-frequency omnidirectional radiation mode. The antenna structure was fabricated
on the photo paper substrate using the screen-printing technique with silver paste, and the prototype was completed by integrating PIN
diode control units via a bias circuit module. The measured results demonstrate that the antenna operates effectively in either dual-band
or single-band modes across the 2.4 and 5. 8 GHz bands. Across all modes, the =10 dB impedance bandwidth exceeds 20%, the peak
gain remains stable at approximately 3 dBi, and the radiation efficiency is above 60%. Under bending conditions with a curvature radius

of 20 mm and when loaded with a human tissue model, the antenna maintains stable impedance matching and radiation performance,
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demonstrating good structural robustness and wearability. The specific absorption rate (SAR) values are 1. 145 W/kg at 2.5 GHz and

1.312 W/kg at 6 GHz, both complying with international safety standards and meeting the electromagnetic safety requirements for

wearable devices used on the human body. The combination of eco-friendly materials, a compact structure, and hybrid reconfigurability

endows the proposed antenna with significant potential for practical applications in short-term medical monitoring and body area

communication wearable systems.
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Fig. 1 Design process of the dual-band antenna
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Fig.2 Configuration of the reconfigurable antenna
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Fig. 6 Three-dimensional radiation patterns of the

reconfigurable antenna in different modes
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Table 2 Summary of four operating modes and performance parameters of the reconfigurable antenna

TAERE SRR i B TARHBL/ GHz R/ GHz W RT3 55/ dB B/ %
1 SW1 OFF, SW 2 ON 2.21~2.84, 5.08~6.40 2.53,5.94 2.94, 3.03 66.89, 62.71
2 SW 1 ON, SW 2 OFF 2.18~2.83, 5.03~6.36 2.49,5.90 2.86, 2.92 65.52, 64. 15
SW 1 ON
3 1.86~3.16 2.51 3.84 62.51
SW 2 ON
4 SW 1 OFF SW 2 OFF 4.56~5.97 5.35 3.05 64. 48
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Fig. 12 Simulated efficiency and gain of mode 1 and

mode 3 of reconfigurable antenna
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Table 3 Human model tissue parameters and thicknesses ( retain 4 significant figures)

2.5 GHz 6.0 GHz

A - - JEJE/mm
£, tand /(S m™) e, tand a/(S'm™")
Fek () 37.95 0.282 1. 488 34.95 0.334 3. 891 2
il 5.275 0. 145 1. 107 4.937 0. 186 0. 306 8
WA 52.67 0.242 1.773 48.22 0.323 5.202 23

R4 ANFRHORE S X P RERNE Mt RLRIXT L

Table 4 Comparison of the proposed antenna in this chapter with other antennas reported in the literatures
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[16] 30x30x0.13 ROGERS 3003 2.4/3.5/4 / AR T] E AL /3/PINX2 Vv /
[17] 55x55x3.6  FR4+FEH 2.4 / J7 1) [ 7] B 4472/ PIN x4 Vv /
[19] 30x40x0. 44 AR 2.4/3.4 16. 86/25. 35 A5 R T F G/ 4/ PINX2 / /
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[21] 40x28x0.1 LCP 2.45/5.5 / AR A E AL/ 4/ MEMSX2 Vv Vv
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