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Abstract 
Biomedical sensing is the key to access biological information. In recent years. The development of biosensing has gradually 

evolved from detection from blood detection level to in situ detection on tissue or cellular level. The technology of detection 

has also evolved from single point detection, to in situ sensing for long time or even sensing with high resolution. Among the 

existing in situ biosensing technologies, non-invasive sensing does not reach the detection target in the tissue, making it 

difficult to accurately reflect the real situation. Invasive sensing through implanted devices, on the other hand, has safety 

concerns. Therefore, how to balance safety and accuracy has been challenging in the field of biosensing. Microneedle arrays, 

as a minimally invasive technology, can balance the accuracy of invasive sensing with the safety of non-invasive sensing. Our 

research of minimally invasive biosensing technology employs microneedle arrays as the core structure to penetrate skin 

layers or cell membranes minimally invasively to detect information in tissues or cells in vivo. The key technologies we have 

developed for minimally invasive devices consist of three aspects: first, the delicate preparation of microneedle arrays and 

the preparation of highly sensitive sensing modules on the surface of microneedles; second, the development of technologies 

for efficient and safe penetration of microneedle arrays through tissue mucosa and cell membranes. The third is the design 

and development of miniaturized multifunctional circuit systems to support the functions of minimally invasive devices. The 

minimally invasive biosensing technologies we have developed have been validated and applied in penetrating cell 

membranes to record intracellular physiological signals, penetrating organ mucosa layers to measure biochemical signals in 

tissues, and penetrating skin layers to measure in vivo physiological signals, respectively. These minimally invasive biosensing 

technologies are expected to provide new tools and solutions for the diagnosis and treatment of major diseases. 
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