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Abstract 

 

The surface plasmon resonance (SPR) detection technique has been widely 

employed for monitoring tiny molecules and biomolecular interactions which 

induce small refractive index changes on a sensing surface. While the process has 

major advantages, ranging from real-time to label-free nature, it also suffers from 

a moderate detection limit compared to the fluorescence-based detection 

techniques. Moreover, most of the molecules depend on thiolation being fixed on 

a noble metal surface, which restricts its most versatile applications. 

In this study, we demonstrate sensitivity enhancement by colocalizing 

electromagnetic near fields and siloxane-based dielectric-specific molecules. Near 

field hot spots were formed by a nanogap a size lower than 100 nm, simulated by 

rigorous coupled-wave analysis beforehand. Nanogap was generated by oblique 

evaporation of metal on formerly created metal grating structures, fabricated by 

photolithography instead of electron beam lithography to alleviate the burden of 

time-consuming nature. Biotin/streptavidin interaction was chosen for the SPR 

detection, and the binding was colocalized in the nanogap with hot spots. 

As a result, nanogap structure reveals significantly enhanced optical 

signatures and several-fold nominal sensitivity improvement. When considering 

the actual number of binding molecules, colocalization achieved two orders of 
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magnitude sensitivity amelioration compared to the conventional method based 

on thin films.  

In addition, we expect that graphene, which has been received tremendous 

attention as a plasmonic material, can be employed for significantly enhancing 

sensitivity of SPR biosensors by coupling with metal nanostructures. 

 

 

Keywords: surface plasmon resonance (SPR), biosensor, sensitive enhancement, 

colocalization, dielectric-specific molecule, oblique evaporation, nanogap, 

rigorous coupled-wave analysis (RCWA), graphene  
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Chapter   1 

Introduction 

 

1 Biosensors 

 

The field of detecting biomolecules has received great interest due to the 

tremendous need for identifying harmful toxins in food or chemical/biological 

molecules that could be abused in terrorist actions. Constantly increasing demand 

in many research areas, such as biophysics, pharmaceutics, and biomedical 

engineering, also have accelerated the investigations into biomolecule detection. 

This detection can mostly be fulfilled by bioanalytical methods or biosensors. 

Usually, there are multiple processing steps required for implementing 

bioanalytical methods; however, these methods hinder their most versatile 

applications. In contrast, however, biosensors are relatively easy to use and have 

the potential to be easily integrated within microelectronics. 
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A biosensor is a device that quantitatively or semiquantitatively converts 

information about the presence of a biological species to an analytically useful 

signal. Among the many aspects that need to be considered about biosensors, a 

receptor and a transducer are two key elements. A receptor can be any organic or 

inorganic material, having a specific interaction with one analyte or group of 

analytes. In the case of biosensors, the recognition element is a biomolecule. The 

second key element of the sensing platform is the transducer, which converts 

chemical information into a measurable signal. In this thesis, the transduction 

aspect is the main focus, especially in terms of improving the transduction signal 

to enhance detection sensitivity. 

Biosensors have several applications for illuminating explanations and 

answers to questions arising from the study of macromolecular interactions [1] 

and the binding of small molecules to surfaces with immobilized biological 

molecules [2-4]. Examples of biosensor types are the electrochemical [5,6], 

carbon nanotube field effect [7,8], and the optical [9]. Within each of these 

individual types are many variations in instrument designs. 
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2 Optical Biosensors 
 

 Optical biosensors are powerful detection techniques widely used in many 

biomedical applications. These biosensors have several advantages over 

conventional analytical techniques, including high specificity, sensitivity, small 

size, and cost effectiveness [10, 11].  

In general, optical biosensors can be divided into two detection protocols 

based on the existence of tag. The first type is the fluorescence-based detection 

technique. This type of scheme labels either the target molecules or the 

biorecognition molecules with fluorescent tags such as dyes. The presence of the 

target molecules and the interaction strength of the biorecognition molecules can 

be analyzed by the intensity of the fluorescence. Fluorescence-based detection 

techniques provide sufficiently high sensitivity, with the detection limit down as 

low as a single molecule [12]. On the other hand, these detection techniques rely 

on burdensome labeling processes that may also hinder biomolecular function. 

Further, quantitative analysis is challenging because of the number of 

fluorophores on each target molecule cannot be accurately regulated [13]. 

The other type of detection protocol, the label-free detection technique, 

however, does not need labeling on the target molecules which means these target 

molecules can preserve their nature. In addition, biomolecular interaction can be 

measured quantitatively and kinetically through label-free detection. Furthermore, 

there exist some label-free techniques that measure the refractive index (RI) 
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change on a sensing surface. Because the RI change on the detecting surface is 

related to the molecular concentration, the detection signal does not scale down 

with total sample volume. This characteristic allows the techniques to detect very 

small volumes of the sample, which can be advantageous compared to the 

fluorescence-based technique whose signal usually depends on the total number 

of target molecules in the detection volume. 

Label-free optical detection techniques can be classified into three types: 

Raman detection, optical absorption detection, and RI change detection. Raman 

detection is similar to fluorescence-based detection because it utilizes an emitted 

Raman signal for sensing. Optical absorption and RI change detection are 

techniques that monitor the imaginary and real part of the complex RI, 

respectively. In this thesis, we focus on RI-based label-free detection. 

Figure 1.2.1 shows the general schematic of a RI-based, optical, label-free 

biosensor. Biorecognition molecules, such as antibodies, single strand DNA, or 

phages, are immobilized on the sensor surface. In general, the SPR measurement 

is conducted in the air or in a buffer condition. When target molecules bind to the 

biorecognition molecules, the target molecules induce a small refractive index 

change on the sensing surface. This transduction signal can be detected through 

the use of optical biosensors. 
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3 Surface Plasmon Resonance Biosensors 

3.1 A Brief History 

  

Surface plasmon (SP) was first described by Wood [19] at the beginning of 

twentieth century when anomalous diffraction patterns caused by the excitation of 

surface plasma waves on diffraction gratings were observed. In the late sixties, the 

attenuated total reflection (ATR) method was introduced by Kretschmann [20] 

and Otto [21] to excite surface plasmons. From that moment forward, extensive 

and deep investigations have been performed, including researching of the major 

properties of surface plasmon resonance (SPR). Thin films were characterized for 

using SPR sensor [22] and the processes on metal surface were monitored [23] in 

the late seventies. In the early eighties, SPR was used for gas detection and 

biosensing by Nylander and Liedberg [24,25]. These researchers used 

immunoglobulin (IgG) as a selective detection material on a gold surface. In the 

late 20th century, antibody-antigen bindings, biomolecule-cell receptor 

interactions, DNA hybridization were monitored through SPR biosensor. 
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3.2 The Fundamental Physics 

 

Coherent electron charge fluctuations on a metal boundary are called surface 

plasmon oscillations. The frequency w of these longitudinal oscillations is tied to 

its wave vector  by a dispersion relation . These charge fluctuations are 

followed by a combination of transverse and longitudinal electromagnetic field. 

The field has its maximum in the surface z = 0, and disappears at	| | → 	∞. This 

characteristic explains their sensitivity to surface properties. The field is described 

by 

 

exp	  (1.3.1) 

 

The wave vector  is parallel to the  direction; 2 , where  is the 

wavelength of the plasmon oscillation. Maxwell’s equations yield the retarded 

dispersion relation for the plane surface of a semi-infinite metal with the dielectric 

function 	, adjacent to a medium 	as air or vacuum: 

 

0 (1.3.2) 

 

	 	  (1.3.3) 
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The wave vector  is continuous throughout the interface of two media. Solving 

these two equations, the dispersion relation (1.3.2) can thus be written as 

 

/
 (1.3.4) 

 

 The surface plasmon curve (green) approaches the photon curve (red) at 

low k as shown in Figure 1.3.1. However, they do not intersect, so that the SPs 

cannot be transformed into light. This SP is called “nonradiative” SP.  

 Attenuated total reflection (ATR) coupler can be employed to tackle this 

problem. If light is reflected at a metal surface, which is covered with a dielectric 

medium 1), its wave vector becomes  

 

 (1.3.5) 

 

 The dispersion relation (1.3.4) for SPs propagating on the interface /  

(air/metal) can thus be intersected with line of light, which consequently result in 

momentum matching (SP excitation). 

 

 

 

 



 
 

 

 

 

 

Figure 11.3.1 Disper
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3.3 Classification 

 

There exist four basic well known approaches to excite SPR: Waveguide coupling 

[26], fiber coupling [27], grating coupling [28,29], and prism coupling [30]. In 

waveguide coupling, the light propagates through the waveguide with a total 

internal reflection condition. The fiber coupling utilizes a fiber where a small 

portion is composed of thin metal film-propagating light to induce an evanescent 

field at the interface of waveguide-metal and excite SP. Fiber coupling is robust 

and easy to integrate with other components. This technique is relatively easy and 

also flexible. Metal grating is used in grating coupling to match the momentum of 

diffracted light, which is parallel to the surface with the propagation constant of 

the surface plasmon. While this configuration can be mass produced at a 

relatively low cost, it requires optically transparent microfluidics to illuminate the 

metal surface with light. Prism-coupling employs a prism-metal interface where a 

light is totally reflected to induce an evanescent field. The propagation constant 

for the evanescent field matches that of the surface plasmon at the resonance 

angle. Prism coupling method is known to be the most convenient method and has 

the best sensing detection limit. 
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3.4 Sensitivity 

 

Among the many aspects that represent the performance of SPR biosensors, such 

as accuracy, repeatability, preciseness, detection limit, and sensitivity, we focus 

on the performance of sensitivity. Sensitivity of biosensor S, can be roughly 

defined as the ratio of the change in the output of sensor P to the change in 

measure and of target molecules such as concentration c [31]. The sensor output P, 

can be wavelength, intensity, and angle of incidence. 

 

 (1.3.6) 

 

 In the above definition of sensitivity, n, SRI, and E denote refractive index, 

sensitivity to refractive index change, and efficiency, respectively. Although the 

definition of sensitivity can be further decomposed into many components, we 

focus on the improvement of resonance angle shift at identical target molecule 

concentration.  
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3.5 Sensitivity Enhancement 

 

While SPR biosensors possess several advantages over other detection techniques, 

such as being label-free and in real time, sensitivity is limited compared to 

fluorescence-based approaches (detection sensitivity typically quoted as 1 pg/mm2 

[32]) because of that label-free nature. Numerous approaches have been suggested 

to improve sensitivity, including nanoparticle-conjugated optical signature 

amplification [33,34] and near-field enhancement through the use of 

metamaterials [35] or nanostructure [36]. 

 An approach to colocalize target molecules with localized near-fields has 

been proposed to improve detection sensitivity [37,38]. The concept used 

obliquely evaporates the dielectric mask to cover nanostructures except for small 

shadows near the grating ridges. Thiolated target molecules and localized near-

fields can be colocalized in small metal shadows. The approach exhibits 

significantly enhanced angle shift characteristics for detecting DNA 

hybiridization. However, most of the biomolecular interactions depend only on 

thiolation being attached to the metal surface. Moreover, nanostructure sample 

fabrication using electron-beam lithography has a time-consuming nature. In this 

research, we demonstrate the sensitivity enhancement by colocalizing 

electromagnetic near-fields and siloxane-based dielectric-specific target 

molecules without using electron-beam lithography.  
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Chapter   2 

Nanogap-Based Sensitivity Enhancement 

of Dielectric-Specific Target Molecules 

 

1 Numerical Analysis 

1.1 A Conceptual Schematic 

 

Figure 2.1.1 shows a conceptual illustration of nanogap-based dielectric-specific 

target molecule detection. Small portions of the dielectric surface (nanogap) at the 

ridge of the metal grating were exposed to dielectric-specific target molecular 

interactions. Biotin/streptavidin interactions were chosen for the dielectric-

specific colocalization because they are known to exhibit a significantly strong 

binding force. Using this concept, streptavidin interacts with the biotin layer 

which is then immobillized on a formerly created APTES layer. All the chemical 

bindings occurred in the nanogap where near-fields are colocalized. The 
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  Figure 2.1.4 suggests near-field distributions with varied incident angles 

for g = 50 nm sample. Interestingly, the maximum near-fields intensity can be 

observed at a resonance angle, although the momentum of plasmon differed from 

that of the resonance condition. This characteristic may be related to the dielectric 

nanogap structure, which inhibits inherent plasmon propagation. Figure 2.1.5 also 

indicates that both first primary and secondary peaks coincide with the resonance 

angle θres = 59.3°. 
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Figure 2.1.5 Near-field intensity |Ex|

2 for primary and secondary peaks. 
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1.3 Overlap Integral 

 

A normalized overlap integral was evaluated to find an optimum structure to 

efficiently overlap hot spots with target molecules. The overlap integral between 

the target molecules and near-field distribution was shown to correlate with far 

field detection sensitivity [42, 43]. The normalized overlap integral can be defined 

as , where  and  denote target permittivity 

distribution and the normalized tangential evanescent field in the x-axis, 

respectively. 

  Figure 2.1.6 indicates the near-field characteristic as nanogap size is 

varied. From the calculation, we could find out that the maximized hot spots were 

generated at g = 30, 50 nm. The effect of grating depth was also investigated as 

shown in Figure 2.1.7. As a result, grating depth da = 50, 80 nm exhibited the 

strongest plasmonic field intensity. From these results we could conclude that 

both nanogap size and grating depth are crucial parameters, which affect the 

distribution of plasmonic near-field intensity. 
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2 Methods and Materials 

2.1 Nanogap Fabrication 

 

Based on the RCWA calculation, we fabricated two-dimensional grating 

structures to colocalize near-field hot spots and target molecules. Long-pitch 

grating structures with period Λ = 8 µm and fill factor f = 50% were designed. 

The grating patterns were created using photolithography instead of electron-

beam lithography which has been widely employed for nanoscale structures, to 

alleviate the burden of a time-consuming nature and for mass-production in a 

large area. First, an SF10 glass substrate was cleaned with acetone and ethanol, 

followed by a O2 plasma treatment. All cleaning procedures were performed for 5 

mins, respectively. The intensively cleaned substrate was then spin-coated with 

AR-P 3120 positive photoresist (Allresist, Strausberg, Germany) at 2,000 rpm and 

followed with prebaking at 95 ℃ for 20 mins to remove the solvent of photoresist. 

Photoresist grating patterns were formed by exposing the substrate to UV for 14 

secs, and developing in AR 300-35 developer (Allresist, Strausberg, Germany). 2-

nm chrome adhesion layer and a following 50-nm gold film were evaporated on 

the photoresist grating pattern. The film thickness of gold was chosen for da = 50 

nm according to the numerical simulation, which maximizes the near-field 

intensity. The design parameter ensured the convenience to fabricate a small 

nanogap a size lower than 100 nm as well. After the metallization, the sample was 
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  Then biotin 3-sulfo-N-hydroxysuccinimide ester sodium salt (biotin-sulfo-

NHS, Sigma-Aldrich) in phosphate buffered saline (PBS, Sigma-Aldrich) was 

injected into the flow cell at a flow rate of 0.5 ml/min for 1 hour to allow the 

formation of an amide bond, followed by a 10-min rinsing with PBS buffer to 

remove the unreacted chemicals. A streptavidin (from Streptomyces avidinii, 

lyophilized from 10 mM potassium phosphate, Sigma-Aldrich) solution with 

varied concentration was injected subsequently for 1 hour.  

  The control sample with a 40-nm thick gold film was immersed in 

cysteamine 10 v/v% solution in ethanol for 1 hour. After extensive rinsing with 

ethanol and DI water and drying under a nitrogen stream, the cysteamine sample 

was mounted to a flow cell on the prism. Then biotin-sulfo-NHS (1 mM in 10 

mM of PBS buffer) was injected into the flow cell at a flow rate of 0.5 ml/min for 

1 hour to allow the formation of an amide bond, followed by a 10- min rinsing 

with PBS buffer to remove the unreacted chemicals. A streptavidin solution of 

varied concentration was injected subsequently for 1 hour. All the surface 

chemistry protocols were performed at room temperature. 

  To study the specificity of the biomolecular interaction between biotin and 

streptavidin, streptavidin was injected into the APTES-coated 50-nm nanogap 

sample without a biotin layer.   
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2.3 SPR Measurement 

 

An SPR spectrometer (RT2005, Resonant Techno. GmbH, Germany) was 

employed for monitoring biomolecular interactions. The spectrometer is based on 

conventional θ-2θ architecture and nominal angular resolution was 0.005°. TM-

polarized light from He-Ne laser (λ = 632.8 nm, 10 mW) was projected on a 

sample with index matching an SF10 prism and excited SPs. Reflected light was 

measured by a photodiode. Each measurement was repeated at least three times 

and averaged. The measure SPR angle and kinetic characteristics are shown in 

Figure 2.2.3. From the measured data, we could find out that the interactions were 

progressed as intended. 



 
 

Figure 22.2.3 (a) Angle and (b)

        28 

kinetic chaaracteristiccs of nanogaap sample. 
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3 Results and Discussion 

3.1 Nanogap Size Estimation 

 

Figure 2.3.1 exhibits a SEM image of fabricated nanogap structures with gap size 

g = 50 nm. It can be clearly verified that nanogap was formed at the ridge of the 

gold grating structures. Profile measurements for three types of nanogap were 

shown to be approximately 10% larger than intended (The actual nanogap size 

was measured at 33 ± 2.9 nm, 56 ± 4.0 nm, and 96 ± 7.6 nm). The result of a 

phase-contrast AFM image (Nanoscope Dimension 3100, Digital Instruments, 

Santa Barbara, CA, USA) of the nanogap confirmed the existence of nanogap. 

Independent profile measurements using a phase-contrast AFM confirmed the 

SEM profile results. From the differential material property sensitive 

characteristics of the phase-contrast AFM images, a dissimilarity for SF10 glass 

and the gold could be distinguished. 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

Figurre 2.3.1 (a) SSEM and (b
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b) AFM immages of nannogap (g = 50 nm). 
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known to exhibit enhanced physical and chemical stability due to a highly ordered 

and well-packed monolayer formation [44]. In addition, for siloxane-based 

immobilization, less steric hindrance can be obtained [45] because the molecular 

distance for APTES is larger than that for cysteamine [46,47], and this factor  

attributes to a denser binding of  molecules for the nanogap sample.  
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The resonance angle shift peak can be found at g = 50 nm for most of the 

streptavidin concentrations. While g = 90 nm has the largest area where 

biotin/streptavidin binding can occur, SP cannot be strongly localized at the 

nanogap size, and this feature degrades the angle shift characteristic. At a smaller 

nanogap size with g = 30 nm, a smaller binding area compared to g = 50 nm 

limits the resonance angle shift characteristic although the intensity of hot spots 

are similar to that of g = 50 nm. The near-field tend to be weakened as gap size 

decreased to smaller than g = 30 nm or increased to larger than g = 90 nm. 

A negative control experiment was performed to investigate the non-

specific binding. It was observed that the non-specific binding of streptavidin to 

the APTES layer induced only a 0.1027° angle shift, while the standard 

experiment showed 0.715° at 500 nM streptavidin. This result implies that 50-nm 

nanogap sample experiment without using a biotin layer exhibits an existence of 

non-specific binding within 15% between the APTES layer and streptavidin, 

which agrees well with the previous studies [48]. The non-specific binding may 

be due to electrostatic physic-adsorption and non-specific binding that occurred 

between the amine functional group of APTES and the amino acid of streptavidin. 

In Figure 2.3.5, kinetic measurement confirmed that there exists about 6 times 

less non-specific binding than normal specific binding.  
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targeted streptavidin concentration. In other words, experimental results using 

nanogap devices indicated that more than 100-fold sensitivity enhancement 

should be attainable based on colocalized detection at nanogaps for a range of 

molecular interactions. This result exceeds what may be achieved by 

nanoparticle-based amplification of optical signatures. 

 

  



           39 
 

3.4 Curve Angular Width 

 

As explained above, nanogap samples have been fabricated by photolithography 

instead of electron-beam lithography to lessen technical difficulties. From the 

SPR measurement, we learned that a long pitch structure patterned by 

photolithography accompanies still another notable advantage. In general, the 

SPR curve tends to broaden in a short-pitch structure which may degrade 

detection sensitivity [49]. A long pitch structure, however, exhibited much less of 

a broadening effect while still maintaining enhanced angular shift characteristics 

as shown in Figure 2.3.6. 

  Here, we define curve angular widths (CAW) as the angular full width at 

an average of minimum and maximum reflectivity to evaluate the broadening 

effect. Nanogap samples exhibited much less broadening than did short-pitched 

samples, even though there still existed a slight broadening compared to thin film 

control. This result suggests that nanogap-based colocalization can be used to 

maintain detection sensitivity of a SPR biosensor without losing sharp angular 

characteristics. In addition, we observed that resonance dips become slightly 

deeper as biomolecular bindings progress, which contribute a little to minimizing 

CAW. 
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Chapter   3 

Future Directions and Concluding Remarks 

 

1 Graphene Plasmonics 
 

Graphene, a two-dimensional (2D) sp2-bonded carbon atoms densely packed in a 

hexagonal lattice [50,51], has been received tremendous attention due to its 

fascinating mechanical, chemical, and electrical properties [52]. Quasiparticles in 

graphene obey a linear dispersion relation that results in a unique gapless 

electronic structure. Therefore, optical properties of graphene are largely affected 

by the zero-gap nature of graphene. The optical absorption depends only on the 

fine-structure constant, πα  2.3%, where α is the fine-structure constant [53]. 

The optical properties are known to be strongly affected by doping [54].  

 Intrinsic graphene plasmons differ from that of noble metals because they 

can be adjusted by gating or doping. An issue about considerably reduced 

plasmon losses in graphene has yet to be investigated and more theoretical and 

experimental study is required. Several approaches have been performed to 
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understand plasmon losses in graphene. The interaction of infrared light with 

localized plasmons in graphene has been confirmed by implementing a stack of 

graphene microdiscs [55]. Plasmons were tuned through varying parameters such 

as the number of discs and the microdisc diameter. Recently, intrinsic graphene 

plasmons were observed using the tip of an AFM probe to visualize Dirac 

plasmons in real space [56,57]. Strongly enhanced quantum efficiency for light-

matter interactions [58] and strongly confined plasmon [59] of graphene were also 

reported. 
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2 Graphene-Based SPR Biosensors 
 

Interaction of light with graphene can be efficiently enhanced by positioning 

metal nanostructures adjacent to graphene [60-63]. Raman spectrum of graphene 

[64] and Raman enhancement on the graphene surface [65] have been reported. 

The Raman enhancement can be described by the electromagnetic mechanism of 

2D graphene, which allows a closed-form description of the Raman signal [60,66].  

 In this respect, we expect that a combination of graphene with 

conventional plasmonic nanostructures will provide ultrasensitive platform for 

SPR biosensors. A conceptual schematic for colocalized SPR biosensors based on 

graphene is shown in Figure 3.2.1. Graphene nanogap, a very small fraction of 

graphene on dielectric substrate, can be generated by colocalization strategy based 

on oblique evaporation as described in the previous chapter. Biological 

interactions and strongly localized plasmonic near-field can be colocalized in the 

graphene nanogap to significantly enhance the detection sensitivity of SPR 

biosensors. 
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advantages such as low-cost and massive scalability. Large amounts of GO sheets 

for highly conducting films were deposited by Langmuir-Blodgett assembly [70]. 

  It was reported that GO has quite different optical constants and 

thicknesses from that of graphene [71]. While the optical properties of GO were 

shown to increase by thermal reduction, the thicknesses of multiple layers of GO 

reduced as a consequence of thermal reduction. We expect that these 

characteristics of GO, which differ from that of graphene, will affect plasmonic 

near-field distribution and detection sensitivity of SPR biosensors.  
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Conclusion 
 

In summary, we demonstrated the sensitivity enhancement using colocalization of 

electromagnetic near-fields and dielectric-specific target molecules. The 

colocalization was fulfilled by nanogap, which was fabricated by employing a 

straightforward oblique evaporation method, and gap size was reproducibly and 

precisely adjusted with varied evaporation angles. Compared to the e-beam 

lithography, this proposed fabrication technique is simple and cost-effective. 

Several types of nanogap structures were analyzed by RCWA method, and the 

results indicated that there exist optimum structures which most strongly localize 

plasmonic near-field. Biotin/streptavidin interaction was chosen for the dielectric-

specific SPR detection and was colocalized in the hot spots. 

 As a result, nanogap-based colocalization exhibited the most significant 

optical properties. In terms of SPR angle shifts, it exhibited significant 

improvement of optical signatures by more than two orders of magnitude. The 

broadening effect was also be minimized by using long-pitched nanogaps sample. 

We expect that a combination of graphene and colocalized detection method will 

significantly enhance the detection sensitivity of SPR biosensors. 
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국문요약 

 

동시국소화된 격자구조를 이용한 고감도 표면플라스몬 센서 및 

그래핀 기반 나노간극으로의 확장 

 

본 논문에서는 유전체 선택적 분자(dielectric-specific molecule)와 

표면플라스몬(surface plasmon) 필드의 동시국소화(colocalization)를 통한 

표면플라스몬 바이오센서(biosensor)의 감도(sensitivity)를 향상시키는 연구를 

진행하였다. 

 100 나노미터(nm) 이하의 크기를 갖는 나노간극(nanogap) 내에서의 

국소화(localize)된 근접장(near-field)은 엄밀결합파동분석법(rigorous coupled-

wave analysis)을 통해 분석되었다. 나노간극은 포토리소그래피(photolithography)를 

통해 형성된 수 마이크로 미터(μm) 크기의 격자구조에 금속 박막을 기울임 

증착(oblique evaporation)하는 방법으로 생성되었다. 이와 같은 방법은 기존에 

나노구조를 제작하기 위해 흔히 사용되고 있는 전자빔리소그래피(electron beam 

lithography)에 비하여 샘플의 대량생산이 가능하다는 장점이 있다. 반응 모델로는 

바이오틴(biotin)/스트렙타비딘(streptavidin) 간의 결합을 선택하였고, 이 반응은 

국소화된 근접장과 함께 나노간극 내에서 동시국소화되었다.  

 표면플라스몬 센서로 대상 반응을 측정한 결과, 나노간극을 통한 

동시국소화가 상당한 감도향상(sensitivity enhancement)을 가져오는 것을 확인할 수 

있었다. 실제 반응에 참여하는 분자 수를 고려했을 때, 동시국소화되지 않은 경우에 

비해 100 배 이상의 감도향상 효과를 나타냈다. 최근 플라스몬 물질로서 많은 주목을 

받고 있는 그래핀(graphene)과 금속 나노구조를 결합하는 방법을 통해 표면플라스몬 

센서의 감도를 더욱 향상시킬 수 있을 것으로 기대된다. 

 

 

핵심되는 말: 표면플라스몬 공명, 바이오센서, 감도 향상, 동시국소화, 유전체 

선택적 분자, 기울임 증착, 나노간극, 엄밀결합파동분석법, 그래핀 


