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Smart contact lenses—contact lenses with built-in electronics—are a next-generation wearable product
with capabilities beyond simple vision correction. Since the electrical lenses are in continuous contact with
the eyeball surface, they have three main applications: (i) biomedical sensing of tears and intraocular
pressure to monitor health conditions, (ii) wearable displays for augmented reality (AR), and (ii1) actively
regulating eye accommodation to ensure perfect vision. Thus, a smart contact lens has substantially greater
functionality than an electrical eyeglass.

Health monitoring electric lenses include wireless biosensors that monitor biological signals in human-
diagnostics and wirelessly transfer the information to a receiver. In general, such wireless systems consist of
in-parallel and/or in-series connection with a loop antenna inductor (L), a resistance (R), and a miniaturized
ceramic capacitor (C) to resonate at a target frequency beween transmitter/receiver circuits. However,
conventional LCR resonator circuts make several problems such as low efficincy and short distance, so
LCR-based wireless biosensors requre the detection in high accuracy and practical use.

The goal of the proposed research is to develop a prototype of an ultrasensitive diagnostic smart contact
lens with high sensitive biosensors and high efficient parity-time (PT) symmetric wireless transfer systems.
The present smart contact lens will provide high performance as follows:

(1) Intraocular pressure sensor using stretchable metallic antenna in detection range from 5 mmHg to 40

mmHg.

(2) Glucose sensor using enzyme-modified antenna in detection range from 0.01 mM to 0.30 mM.

(3) Continuous wireless monitoring at high efficiency (from 20% to 100%) as compared with standard

LCR resonators.

(4) Biosafe when wearing the lens on the eye.

Dr. Miyake in engineering conceived this research project and his research group will develop a novel
prototype of an ultrasensitive diagnostic smart lens system. With Dr. Kimura in ophthalmology, we will
confirm safety level of using the prototype lens on the eyes. During this project, I educate four PhD students
at Waseda University as well as over 10 master students, and also they will work together with medical
students in Yamaguchi University, so I believe that this collaborative research will lead to novel prototype

for future smart contact lens as well as interdisciplinary young doctoral researcheres.



