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【Purpose and Background】 
Blood biomarkers (specific proteins characterizing 
diseases) have been extensively studied because 
early diagnoses are crucial for medical treatments 
of severe diseases. However, it is still difficult to 
detect a very small amount of marker proteins with 
a high accuracy and high selectivity against 
contaminants without complicated procedures of 
functionalizing fluorescent labels, filtering of 
contaminants, and condensation of targets. 
   In this study, we aim at investigating ultimate 
physics of light localization in photonic crystal 
nanolasers with a nanoslot, and super-sensitive 
detection of proteins without labels. Furthermore, 
we develop the efficient surface treatment to give a 
much higher selectivity than conventional sensors. 
This is a fused study of nano- photonics, surface 
and fluid chemistry, and medical applications. 
 

【Research Methods】 
Three main contents are summarized as follows: 
(1) Theoretically, narrower nanoslots enhance the 
light localization and sensitivity for proteins 
exponentially. We develop a technology of forming 
nanoslots of <30 nm width and investigate nano- 
scale physics of light localization. We also fabricate 
the nanoslot in a passive slab and nanocavity to 
enhance the Raman spectrum, which is effective for 
the detailed analysis of molecular bindings and 
verifying the results of the nanolaser sensing. 
(2) We elucidate the behaviors of proteins from a 
remote distance to the nanolaser and the fluidic 
mechanism that carries proteins to the nanolaser. 
We also cover the device surface with a polymer to 
suppress the electro-static noise in blood or enhance 
the signals using the electro-static effects. We adopt 
a biomarker suitable for effective diagnosis and 
study the immobilization of antibodies, enabling 
the specific binding with a selectivity over 109.  
(3) We develop low-cost and high-throughput 
production of sensor chips, array integration for the 
statistical and quantitative evaluation, parallel 
detection of multi-targets, and condensation 
method of antibodies using the optical gradient 

force. In addition, we build a portable setup and 
perform the sensing experiments in hospital to get 
the feedback from medical venues. 
 

【Expected Achievements & Significance】 
In protein analyses, HPLC and ELISA have been 
used, while pM-level low-concentration biomarkers 
suitable for high-accuracy diagnoses of diseases 
are still difficult to detect. Conventionally some 
biomarkers are detected through pre-processes 
and functionalizing labels, resulting in high cost 
and low throughput. Therefore, high sensitivity 
and selectivity, label-free, and low-cost are strongly 
demanded. Our nanoslot nanolser is a promising 
candidate that satisfies all the requirements and 
becomes the first practical sensor chip for medical 
applications based on photonics. 
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