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                                     様式３ 

論  文  内  容  の  要  旨  

氏  名  （ 姜  舒 /  J i a n g  S h u）  

論文題名 
Plasmonic nanobiosensor development utilizing nanoimprint technology 

（ナノインプリント技術を利用したプラズモニックバイオセンサーの開発） 

論文内容の要旨 

To modern society, biosensors have become more closely related to our life than ever. They’re defined 

as analytical devices transduce minute biological changes into recordable, readable signals, which is 

possible to be processed subsequently. Biosensors can be classified based on their sensing methods, or 

by their working targets. In chapter 1, the principles of optical biosensors, especially those 

utilizing plasmonics approaches have been introduced. To realize such sensing platforms, 

nanostructured metallic surfaces are extremely crucial. Hence, current nanofabrication methods and 

surface functionalization basis have also been elucidated. By the end of this chapter, the 

significance of this research and the thesis concept organization have also been presented. 

 

Moving forward in chapter 2, the significance and the principle of nanofabrication via room 

temperature nanoimprinting have been demonstrated. Materials and procedures to realize such 

fabrication method have been introduced. The fabricated substrates using various approaches have been 

evaluated through visual examination, microscopy observation and optical measurements. The 

successfully fabricated substrate has been used for further tests in the following chapter. 

In the third chapter, a plasmonic substrate fabricated via our ingenious pressure free NIL 

(Nanoimprint lithography) method by simply employing a very thin PDMS mold along with a Spin-on-Glass 

HSQ material has been demonstrated. Fabricating nano-patterns (i.e. nano-gratings and 2 D nano-arrays) 

via NIL is advantageous for LSPR based biosensors for producing large working area with high-

throughput. Unlike conventional NIL and other fabrication methods, no complicated equipment is 

required in this work; only a simple heating plate (at 100 °C) was utilized for curing time 

reduction. Nano-pillar structure with definition down to 50–100 nm has been successfully fabricated 

using this method. The as fabricated substrate was evaluated through optical measurements. Its 

capability as a LSPR sensor and biosensor was validate through refractive index response and IgA 

immunoassay. Also, other possible applications for this method as a future plan have been listed by 

the end of this chapter. 

To further explore the application of our nanoimprinted substrates as plasmonic biosensor, a cost 

efficient deployment supplies large area fabrication by exploiting the self-organized hierarchical APA 

(anodic porous alumina) template with a one-step nanoimprint lithography utilizing a durable thermal 

resin COP (cyclo-olefin-polymer) has been demonstrated in chapter 4. This hierarchical structure would 

benefit SERS detection by generating nanogaps for electric field enhancement. A nanopillar huddle 

structure fabricated via this straightforward method has been validated as an active SERS substrate 

for adsorbates detection demands no further modification. Their electric field enhancement behavior 

stimulated by LSPR has been studied via FDTD simulation. The calculated energy distribution patterns 

have proven the distinguished electric field enhancement occurs within each huddle rather than between 

two huddles, this feature indicates a regular distribution of “hot-spots” can be expected via this 

fabrication method. As a result of running series tests on substrates with assorted dimensions, longer 

nanopillar-huddle structure presented distinguished SERS signals. Label-free detections of different 

molecules including nucleotides (i.e. AMP, etc.) have been successfully achieved. Base on the easy, 

tunable and cost efficient merits of this fabrication scheme, along with the experimental results, we 
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believe that this nanoimprinted huddle array could be a strong candidate for general analytical 

purposes. 

In the 5th chapter, to further enhance its SERS performance, a series of multi-layered open shell 

modification have been proposed to the nanopillar huddle structure. These modified structures have 

been studied for their tunability and SERS performance. A thin silver-shelled structure’s higher 

signal-to-nose ratio performance was successfully announced. This structure not only further reduced 

the cost in fabrication, but also provided a novel approach in tuning and enhancing similar structures 

for SERS detection. 

Finally, in the 6th chapter, the summary of this thesis and future plans for the listed study have 

been concluded. 
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