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Electromagnetic radiation protection approach for children's smartwatches based

on cross-frame metamaterials

HOU Wenqi ZHOU Wenying LU Mai
(Key Laboratory of Opto-Electronic Technology and Intelligent Control Ministry of Education,

Lanzhou Jiaotong University, Lanzhou 730070, China)

ABSTRACT To reduce the electromagnetic exposure of children from smartwatches, this study proposes an active
electromagnetic radiation protection approach based on cross-frame metamaterials. First, a smartwatch antenna
supporting 4G calls, wireless internet, and bluetooth functionality was designed, along with a metamaterial
protective layer based on a cross-frame structure. Second, a human electromagnetic model for a 6-year-old child
including the skull, brain, eyes, thyroid, and heart was established, and the dielectric properties of corresponding
biological tissues were calculated. Finally, by analyzing the electromagnetic exposure dose absorbed by different
tissues in child's body when using smartwatches before and after loading a metamaterial protective layer, and
compared these results with the general public exposure restrictions of the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) guideline, the safety of electromagnetic exposure was evaluated. The
research results indicated that after loading the metamaterial protective layer, the area of high-dose radiation regions
in various tissues of the child was significantly reduced, and the corresponding specific absorption rate (SAR) values
were also markedly lowered. Among the body tissues, the wrist absorbed the highest SAR, reaching
9.300x10° W/kg, which was 20.7% lower than before loading the metamaterial protective layer, approximately
2.3% of the ICNIRP limit. The most obvious reduction in electromagnetic radiation dose was observed in the heart,
where the SAR value lowered by up to 28.8%, and the area with the highest radiation dose concentration was
significantly reduced. The results above indicated that the active protection approach based on improving the
exposure source proposed in this study could effectively reduce the electromagnetic exposure levels of smartwatches
on children. Furthermore, it could reduce the cumulative radiation dose effects caused by long-term smartwatch
wearing, providing a new approach for protecting children from electromagnetic radiation.

KEYWORDS Smartwatch, Radiation protection, Cross-frame met

amaterials, Electromagnetic model of the children's body, Electromagnetic exposure
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Fig.1 Smartwatch antenna: (a) overall structure; (b) top antenna; (c) bottom antenna; (d) top metamaterial unit cell; (e) bottom
metamaterial unit cell; (f) back side of metamaterial protective layer
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Fig.2 Radiation performance of smartwatch antenna
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Fig.3 Electromagnetic model of the child's body
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Table 1 Dielectric properties of child's tissues
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Human tissues Density € o/ (S'm™) € o/ (S'm™)
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K Cerebrum 1045.5 41.854 1.307 41272 1.545

/MR Cerebellum 1045 45.580 1.968 44811 2.235

Fifi® Skull 1575 11.631 0.339 11.387 0.420

i Eyes 1004.5 68.450 2.325 68.210 2.636
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Table 2 Peak local SAR value of different tissues and whole-body average SAR in child (Unit: W/kg)
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A With 6.667x107 8.304x10™ 3.155x107 5.182x10™ 1.417x10”° 9.300x107 1.580x10
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