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Single fiber optics based surface-enhanced Raman scattering 

(FO-SERS) has the advantage of simple-alignment when 
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measuring the SERS signals. The sample fiber, which is chemically 

modified to capture the target on the end-tip of the optical fiber, is 

measured by connecting with the FO-SERS measurement system. 

FO-SERS measurement system is all fiber-based, so that it is 

necessary to consider the Raman signal of the optical fiber itself. 

This is because the optical fiber has a very strong Raman signal of 

the fused silica, which composes of the optical fiber and especially 

this signal increases as the length increases. Therefore, it is 

important to lower the Raman signal of the optical fiber itself in the 

FO-SERS measurement system to prevent from the Raman signal 

of the fiber itself overwhelming the Raman signal of the analytes. In 

addition, it can be possible to obtain high sensitivity in SERS 

measurements by lowering the Raman signal of the optical fiber 

itself, which is considered as the background signal of the SERS 

spectrum for analytes.   

In this study, we modified the optical fiber end tip-shape to have 

an angular or rough surface to lower the Raman signal of the optical 

fiber itself and enhance the signal-to-noise ratio (SNR) for SERS 

detection. As the inclined angle of the tip increased, the Raman 

signal of the optical fiber itself decreased, especially in the case of 

the rough surface fiber, it decreased by 32 % compared to the case 

of the conventional flat surface fiber. To verify the feasibility as 
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SERS sensing platform using those fibers, silver nanoshells with a 

Raman label were loaded in those fibers. We obtained the SERS 

spectrum from each sample fiber and calculated the SNR value to 

compare the sensitivity for each tip-shape sample fiber. Through 

our study, it is expected that FO-SERS detection can be conducted 

with high sensitivity by using various types of the tip shape optical 

fibers. 

 

Key words : Fiber-optics based SERS (FO-SERS), tip modification, 

fiber-optic with roughened surface, angled-tip fiber 
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1. Introduction 

Surface-enhanced Raman scattering (SERS) has been applied to 

various analysis based on the advantage of being a non-destructive 

and highly sensitive analytical technique tool1-4. In particular, 

fiber-optics based SERS (FO-SERS) has been spotlighted recently 

in that it has additional advantages such as flexible probe and 

remote sensing on targets5-7. In the case where optical fiber is used 

as probe fiber, metal nanoparticles, such as gold or silver, are 

conjugated at the end tip of the optical fiber to induce SERS from 

the analytes near the probe fiber8, 9. In other words, FO-SERS 

using probe fiber is somewhat limited for target-specific analysis. 

As an alternative method, chemically modified optical fiber is 

proposed to capture the desired target and it needs to introduce 

additional probe particles10, 11. When the chemically modified optical 

fiber is reacted with target and probe particles, which is called 

sample fiber, most of the studies measure the sample fiber with the 

‘ optrode ’  configuration5, 12-14. ‘ Optrode ’  configuration 

measurement is used the conventional microscope Raman system to 

focus the laser on the opposite side of the SERS modified tip, and 

then detect the backscattered signal via optical fiber15. However, 

measuring the sample fiber with the optrode configuration has the 

disadvantage of having to focus on the optical fiber and this is far 
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from simple-alignment, which is the advantage of FO-SERS. 

Neverthelss, the optrode configuration is used widely because of 

the strong Raman signal of the optical fiber itself. Optical fiber is 

composed of fused silica and reacts with light to present a strong 

Raman signal16, 17. Therefore, it is important to lower the Raman 

signal of the optical fiber itself, which may overwhelm the signal of 

the analyte in FO-SERS detection. 

In this paper, we fabricated the different tip-shape optical fibers 

and compared the Raman signal of each optical fiber. Also, to 

confirm the feasibility as SERS sensing platform using modified tip-

shape fibers, we used silver nanoshells labeled Raman molecule as 

probe particles and loaded them on each fiber. We obtained SERS 

spectra from each sample fiber and compared the sensitivity as 

calculating signal-to-noise ratio (SNR) value. 
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2. Experiments 

2.1. Chemicals and materials.  

Tetraethyl orthosilicate (TEOS), 3-

mercaptopropyltrimethoxysilane (MPTS), ethylene glycol (EG), 

silver nitrate (AgNO3), 4-fluorobenzenethiol (4-FBT), 11-

mercaptoundecanoic acid (11-MUA) and hexadecylamine were 

purchased from Sigma Aldrich, Inc. (St. Louis, MO, USA). Ethanol 

(99.9%) and ammonium hydroxide (NH4OH, 28-30%) were 

purchased from Daejung (Siheung, Korea). Multimode optical fibers 

with core/cladding diameter of 105/125  were purchased from 

Thorlabs (Newton, NJ, USA). 
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2.2. Fabrication of fiber optics with different tip 

shapes.  

The end of the optical fiber (FG105LCA, thorlabs, USA) is cut flat 

by commercial optical fiber cleaver (Fitel S326A, Furukawa 

Information Technologies and Telecommunications (Fitel), Japan). 

In the case of typical optical fiber cleaver, it is composed of 

mainbody and single fiber adapter part. The cutting blade located in 

the mainbody is placed perpendicular to the fiber adapter so that the 

end-facet of the optical fiber is always cut flat. 

An angled-tip fiber was fabricated by using the commercial optical 

fiber cleaver that we modified. We removed the fiber adapter part, 

adjusted the fiber’s height to the cutting blade using slide glass, 

and rotated the optical fiber to have a certain angle to cutting blade. 

In order to specify the angle of the angled-tip fiber, it was 

determined to be 0 degrees, when the fiber optic ends were flat. 

Since the maximum angle that could be placed while fixing the fiber 

to the fiber cutting blade was 20 degrees, only the tip up to 20 

degrees could be fabricated. 

In the case of the optical fiber with roughened surface, we used 

commercial optical fiber jacket stripper instead of a cleaver. the 

optical fiber with roughened surface could be fabricated in a simple 
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way to cut the end of the optical fiber using optical fiber jacket 

stripper.  
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2.3. Synthesis of silver nanoshell labeled 4-FBT 

(AgNS4-FBT) and preparation of sample fiber using 

various tip shape optical fibers.  

To make a sample fiber simply, silver nanoshell labeled 4-FBT 

(AgNS4-FBT), which can be used as a SERS probe particle, was 

synthesized and loaded on the optical fiber end tip. AgNS4-FBT was 

prepared with the previously reported method18. Briefly, using 

stöber method19, we prepared silica nanoparticle as core with a 

diameter of about 150 nm. After modifying the silica core surface 

with a thiol group using MPTS, silver nanoshell (AgNS), which was 

composed of silica core covered with silver nanoparticle, was 

synthesized with adding AgNO3, EG and hexadecylamine. Adding 4-

FBT into AgNS dispersion, AgNS4-FBT was synthesized. 

The sample fibers with different tip shapes were prepared by 

repeating the process of dropping and drying 1.5  of AgNS4-FBT 

dispersion on the end tip of each optical fiber 3 times.  
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2.4. All-fiber based SERS measurement.  

As an all-fiber detection tool for FO-SERS measurement, we 

constructed customized fiber-type Raman measurement system 

with commercial optical system products. The 785-nm line of laser 

(Cobolt 08 NLD, Cobolt, Sweden) was used in all measurement as 

an excitation source. In the case of the laser power, we fixed the 

head power at a maximum output of 470 mW and the acquisition 

time at each measurement was 5 s. The laser and spectrometer 

(SR-303i-A, Andor Technology, UK) equipped with a CCD 

(DV401A-BV, Andor Technology, UK) and custom designed 

module (Dongwoo Optron, Korea) were connected by a 2 by 1 fiber 

coupler (BM Laser, Korea). The other end of the coupler was 

connected to the sample fiber, using splicing machine (A-80S, 

COMPTYCO, China). The custom designed module consists of xyz-

axis holders, long pass filters and collimator, for simple alignment. 

In all configurations, multimode optical fiber (FG105LCA, Thorlabs, 

USA) was used. 
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3. Results and Discussion 

3.1. Characterization of the optical fibers with tip-

shape modification.  

As shown in Figure 1, the difference in tip-shape at the end of the 

optical fibers can be confirmed through the optical images. As we 

expected, the angled-tip fibers have a certain angle inclined tip and 

the rough-surface fiber shows uneven tip surface. With those 

fibers, we obtained the Raman spectra of each optical fiber. As 

shown in Figure 2, the Raman intensity of the inclined fibers was 

decreased as increasing the tip-inclined angle. Especially, on the 

basis of 1042 cm-1 peak intensity, which shows the highest peak in 

all spectra, the signal intensity of rough-surface fiber decreased by 

about 32% compared to that of flat-surface fiber. Also, in the range 

from 1300 to 1500 cm-1, it can be observed that the plateau-

shaped signal shown in flat-surface fiber and angled-tip fibers 

disappeared in rough-surface fiber. This shows the potential of 

using that region as an additional Raman detection window with 

using rough-surface fiber. The Raman signal of the optical fiber 

itself is related to the intensity of the specular reflection at the end 

of the optical fiber20. That’s why tip-shape modification of the 

optical fiber makes the change of these signals. 
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The rough-surface fiber, from which we obtained the lowest 

Raman signal of the fiber itself, allows the tip to have random 

roughness by simple cutting. To verify the reproducibility of the 

reduction of the Raman signal by rough-surface fiber itself, we 

measured the Raman signals of the 8 different cutting fibers. As 

shown in Figure 3, it was confirmed that the Raman spectra of the 

optical fiber itself obtained from 8 different fibers were measured 

almost the same. Based on 1042 cm-1 peak intensity, we calculated 

the coefficient of variability (CV), which shows the degree of 

measured value accuracy, and it was confirmed to be 0.9%. This 

showed that reproducibility of the rough-surface fiber fabrication is 

guaranteed. 
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3.2. Characterization of AgNS4-FBT as SERS probe 

particle.  

In order to enable analysis of the desired target material only, the 

end of the optical fiber is chemically modified to react with the 

target, which is called sample fiber. Additional probe particle need 

to be introduced into the sample fiber for target analysis. In our 

study, in order to simplify the fabrication of sample fibers, AgNS4-

FBT as a probe particle was synthesized and loaded on the end of the 

optical fiber. AgNS4-FBT is labeled with 4-FBT on the surface of 

silver nanoparticles, so when irradiated with laser, it can detect 

SERS signals by 4-FBT. The TEM image of the AgNS4-FBT 

particles is shown in Figure 4a. Silver nanoparticles surround the 

silica core and 4-FBT is labeled on it, which is designed to cause 

SERS from the AgNS4-FBT particles themselves. Also, to confirm the 

SERS signal for the AgNS4-FBT particle itself, the SERS spectrum 

obtained by measuring it with a confocal microscope Raman system 

is presented in Figure 4b. The main peaks shown in the spectrum 

are the characteristic SERS bands of 4-FBT, which will be 

compared to the SERS peaks from the sample fiber. 
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3.3. Comparative analysis of SERS sensitivity for 

sample fibers using various tip shape fibers.  

The sample fibers prepared from each different tip-shape fibers 

were measured by all fiber-optics based SERS measurement 

system for simple-alignment. As shown in Figure 5, all of optical 

equipment is connected only by optical fibers, which imply the 

possibility of increasing the Raman signal of the optical fiber itself 

due to increased interaction between light and optical fiber. Figure 

6a shows the SERS spectra of the sample fibers using flat-surface 

fiber, angled-tip fibers and rough-surface fiber with the Raman 

signal of each optical fiber itself subtraction. All of the sample fiber 

was prepared by loading the AgNS4-FBT particles, so that we 

compared the SERS spectrum of sample fiber with that of 4-FBT 

(in Figure 4b). As shown in Figure 6a, SERS band appeared at 1072 

cm-1 in all spectra, which is characteristic peak of 4-FBT. In the 

case of using rough-surface fiber and 20° angled-tip fiber, 

another characteristic peak of 4-FBT was also observed at 1486 

and 1583 cm-1. Based on 1072 cm-1 peak, which shows strong 

intensity in all of the spectra, the peak intensity increases as the 

optical fiber tip inclined angle increases and especially, rough-

surface fiber gets by about 7 times higher intensity than flat-



 

 12 

surface fiber. This includes the factors due to an increase in SERS 

signals as well as a decrease in the Raman signal of the optical fiber 

itself. Unlike the flat-surface fiber, rough-surface fiber has a 

valley-shaped area so that the particles can be aggregated there. 

Aggregated particles make more hot-spots, which enhanced the 

SERS intensity. To compare the sensitivity as SERS sensing 

platform, we calculated the SNR values of each sample fiber. SNR 

value is a good parameter of comparing sensitivity. It is defined as: 

SNR = Ianalyte signal / Inoise 

SERS signal based on the 1072 cm-1 peak of 4-FBT as shown in 

Figure 6a was used as a SERS signal standard for calculating the 

SNR values and the noise was calculated as standard deviation at 

the range from 1515 to 1535 cm-1, which is a flat section in all 

sample fiber spectra. As shown in Figure 6b, SNR value increases 

as the tip angle increases, especially when the optical fiber has a 

rough surface, the SNR value increases by about 27 times 

compared to the flat-surface fiber. This shows that the rough-

surface fiber as FO-SERS sensing platform can be obtained high 

sensitivity. 
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Figure 1. Optical image comparison for fiber optics end tip-shape 

modification. Optical image of (a) flat surface fiber, (b) 10° 

angled-tip fiber, (c) 20° angled-tip fiber, and (d) rough surface 

fiber. 
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Figure 2. Raman spectra of optical fiber itself with different tip-

shape. 
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Figure 3. Raman spectra of 8 different rough-surface fibers. 
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Figure 4. Characterization of AgNS4-FBT particles as SERS probe 

particle. (a) TEM image of AgNS4-FBT. (b) SERS spectrum of 

AgNS4-FBT using as SERS probe particle (measured by confocal 

microscope Raman system with 785 nm line of laser of 2 mW, 

acquisition time of 3 seconds and 10X lens.) 
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Figure 5. Optical system configuration for measuring FO-SERS 

composed of all as optical fiber. (a) Sketch diagram and (b) photo 

of SERS measurement system based on fiber-optics. 
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Figure 6. Comparative analysis of sensitivity as SERS sensing 

platform. (a) SERS spectra of AgNS4-FBT loaded on different tip-

shape optical fibers with bare fused silica Raman signal subtraction. 

(b) Scatter plot of signal-to-noise ratio (SNR) values of different 

tip-shape optical fibers. (SERS signal based on the 1072 cm-1 peak 

of 4-FBT as shown in Figure. 6a and the noise was calculated as 

standard deviation at the range from 1515 to 1535 cm-1, which is a 

flat section in all samples in Figure. 6a) 
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4. Conclusion 

We enhanced the SNR value in FO-SERS system, using simple 

modified optical fiber. As tip of the optical fiber inclined more, the 

Raman signal of the optical fiber itself decreased and especially in 

the case of the optical fiber with roughened surface, the Raman 

signal of the rough-surface fiber itself got the lowest signal, which 

was reduced by about 32 % compared to the flat surface fiber. In 

the case of a sample fibers using different tip shape fibers as a 

SERS sensing platform, the SNR value was increased as the tip 

inclined angle increases. Especially, SNR value from rough-surface 

fiber can obtain about 27 times higher than that from the flat-

surface fiber. This is because not only reduced Raman signal of the 

optical fiber itself, also enhanced Raman signal of AgNS4-FBTs 

loaded on the fiber end tip. Through our research, it is expected 

that all-fiber based SERS detection can conduct with high 

sensitivity. 
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국문 초록 

 

 단일 광섬유 기반의 표면 증강 라만 산란 연구 (fiber optics based 

SERS, FO-SERS)는 SERS 신호를 측정하기 위한 광학 장비들의 세팅

을 보다 간결하게 할 수 있다는 장점을 갖고 있다. 분석을 원하는 타겟 

물질과 반응할 수 있도록, 광섬유 끝단을 적절한 작용기로 화학적으로 

변형하여 만든 광섬유 샘플은 FO-SERS 측정 시스템에 연결되어 

SERS 신호가 측정될 수 있다. FO-SERS 측정 시스템은 간단한 광학 

장비 정렬을 위해 전체가 광섬유로 연결되어 있는데, 이로 인해 광섬유 

자체에 의한 Raman 신호에 대한 고려가 불가피하다. 왜냐하면, 광섬유

를 구성하고 있는 용융 실리카는 빛과 반응하여 강한 Raman 신호를 낼 

수 있는데 특히 이것은 광섬유의 길이가 증가함에 따라 그 신호의 세기

가 증가하기 때문이다. 그러므로 FO-SERS 측정 시스템을 이용하여 원

하는 광섬유 샘플의 분석 신호를 얻기 위해서는 강한 광섬유 자체 

Raman 신호로 인해 분석물의 신호가 가려지지 않도록 광섬유 자체 

Raman 신호를 낮추는 것이 중요하다. 또한 광섬유 샘플의 SERS 측정

에서 배경 신호로 여겨질 수 있는 광섬유 자체 Raman 신호를 낮춤으로

써 보다 높은 감도의 FO-SERS 측정 결과를 얻을 수도 있다.   

본 연구에서는 광섬유 끝단의 모양이 특정한 각을 갖도록 기울어지거

나 무질서하게 거친 표면을 갖도록 변형하여 광섬유 자체 Raman 신호
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의 세기를 낮추었다. 광섬유 끝단이 기울어진 정도가 증가함에 따라 광

섬유 자체 Raman 신호는 감소하였으며, 특히 거친 표면을 갖는 광섬유

의 경우 기존의 평평한 광섬유 대비 자체 Raman 신호가 32 % 가량 감

소하였다. 또한, 다른 형태의 끝단을 갖는 광섬유들을 사용하여 이것이 

광섬유 기반의 SERS 측정에서 적합한지 확인하였다. 이를 위해 Raman 

신호를 내는 물질을 표지한 SERS 탐지 입자를 합성하고, 각 광섬유 끝

단에 흡착시켜 광섬유 샘플을 준비하였다. 각 광섬유 샘플로부터 SERS 

spectrum을 얻고, 그로부터 신호대 잡음비 값을 계산하여 감도를 비교

하였다. 우리의 연구를 통하여, 다양한 형태의 끝단 모양을 갖는 광섬유

를 이용하여 광섬유 기반 SERS 측정이 높은 감도로 이루어질 것으로 

기대되어진다.  

 

주요어 : 광섬유 기반 표면 증강 라만 산란 (SERS), 광섬유 끝단 변형, 

거친 표면 광섬유, 각진 광섬유   
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