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Figure 1.  Overall schematic of the distributed deployment of biodegradable sensors (left)[1] and the 

degradation of a biodegradable sensor (right)[2]. 

 

Introduction  

The importance of distributed environmental monitoring systems for real-time detection of climate 

change, soil contamination, water quality variation, and ecological abnormalities is rapidly increasing. 

Accordingly, extensive research has been conducted on wireless sensor networks, miniaturized 

electronic devices, and drone-based distributed deployment and data collection technologies. 

However, in natural environments such as forests, agricultural fields, oceans, and disaster areas, 

retrieving deployed devices is often impractical, making electronic waste (e-waste) a growing 

environmental concern. To address this issue, increasing attention has been directed toward 

biodegradable and transient electronics that can naturally decompose after completing their operational 

lifetime[1,3]. 
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Recent advances in biodegradable electronics have demonstrated sensors[4], batteries[5], 

antennas[6], and logic circuits[7] based on materials such as cellulose, silk, poly(lactic acid) (PLA), gelatin, 

biodegradable conductive polymers, and transient metals. These devices can degrade under 

environmental conditions including moisture, microbial activity, and chemical exposure, showing strong 

potential for applications in environmental monitoring and disposable electronic systems. However, 

most current biodegradable electronic platforms are limited to sensing or passive device functions, while 

long-range wireless communication remains challenging due to the dependence of conventional 

systems on integrated circuits and semiconductor chips[1,3]. 

In this work, we propose a chipless wireless environmental monitoring platform that 

integrates biodegradable sensors, batteries, antennas, and oscillators. Instead of relying on complex 

digital circuits, the proposed system directly generates electromagnetic signals using oscillator-based 

architectures. Environmental information can be encoded through variations in oscillator frequency 

induced by changes in sensor resistance, capacitance, or resonance characteristics, enabling wireless 

data transmission without semiconductor chips. To realize this platform, biodegradable functional 

materials will be employed to integrate sensing, energy storage, and wireless transmission components, 

while systematically investigating their electrical performance, oscillation stability, antenna 

characteristics, and biodegradation behavior. Ultimately, this study aims to establish a new strategy for 

biodegradable wireless electronics for future large-scale eco-monitoring sensor networks and transient 

robotic systems. 

 

Objectives  

➢ Implementation of a Colpitts oscillator using conventional electronic components 

➢ Replacement of oscillator components with biodegradable materials and devices 

➢ Realization of a fully integrated biodegradable system consisting of biodegradable sensors, 

batteries, oscillators, and antennas 

 

Work breakdown 

➢ Literature review 

- The circuit principles and operating mechanisms of Colpitts oscillators 

- Materials, design, and fabrication methods for existing high-performance biodegradable 

electronic components 

➢ Experimental training 

- Laboratory safety training 

- Training on equipment operation (homogenizer, fume hood, vacuum oven, spin coater, 

real-time resistance measurement system, laser cutting machine, 3d printer, etc.) 
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- Training on measurement systems, device design, and visualization software (Origin, NI, 

Arduino, AutoCAD, Tinkercad, Rhino, KeyShot, etc.) 

- Acquisition of fundamental biodegradable electronic device fabrication skills (glass 

surface treatment, thin-film substrate fabrication methods, conductive wire connection 

methods, etc.) 

➢ Material optimization 

- Conductivity optimization of biodegradable metal–polymer composites 

- Bandgap optimization of biodegradable semiconductor–polymer composites 

➢ Device fabrication 

- Implementation of oscillator circuits generating electromagnetic signals using 

commercial capacitors, inductors, and transistors 

- Fabrication of biodegradable capacitors, inductors, and transistor devices through screen 

printing and implementation of biodegradable oscillator circuits 

- Fabrication of biodegradable batteries, antennas, and sensors 

➢ System demonstration 

- Implementation of a receiver matched to the operating frequency of a fully biodegradable 

data transmitter  

- Evaluation of long-range wireless data transmission capability of the receiver 

➢ Report writing 

- Acquisition of knowledge on report writing and presentation material preparation 
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