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Abstract 

Fiber optic based localized surface plasmon resonance (FO-LSPR) sensor is one of the biosensors that detects specific 
biomolecules and can detect the onset of disease. In this paper, we propose two methods to improve the signal to 
noise ratio (SNR) of the sensor, which is one of the main characteristics of the FO-LSPR sensor. The first method is to 
increase the intensity of the sensor by increasing the size of gold nanoparticle (Au NP) formed on the optical fiber 
surface by Au capping method. The second method is to form a structure that reduces the reflection by increasing 
the roughness of the surface by etching the surface of the optical fiber using the Au NP formed on the surface of 
the optical fiber as a mask. Increasing the roughness of the optical fiber surface can reduce the background signal 
of the sensor. The two methods mentioned above can increase the SNR of the sensor. When the SNR of the sensor is 
increased, the efficiency of the sensor is improved.
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Introduction
Biosensor can detect specific biomolecules such as 
viruses, bacteria and antigens using various types of 
receptors [1, 2]. The characteristics of the biosensor 
required for detecting a specific biomolecule include 
fast detection time, high sensitivity, miniaturization, 
manufacturing cost, etc. When fabricating the biosensor 
based on nanotechnology, all of these characteristics can 
be satisfied. Typical measurement methods used in bio-
sensors are ellipsometry, fluorescence, surface plasmon 
resonance (SPR), localized surface plasmon resonance 
(LSPR), surface-enhanced raman spectroscopy (SERS), 
etc. [3–12]. Using these measurement methods, sensor’s 
intensity for biomolecules with various concentrations 
can be measured and the characteristics of the sensor 
such as measurement range, linearity, limit of detection 
(LOD), signal to noise ratio (SNR) etc. for the sensor can 
be confirmed.

Among various biomolecules that cause disease, there 
are specific biomolecules that can become diseased even 
at very low concentrations in the blood. In order to meas-
ure such a biomolecule, the sensor must be able to meas-
ure biomolecules at a very low concentration. Therefore, 
the SNR of the sensor is one of the important charac-
teristics of the sensor. It is important to lower the sen-
sor’s noise or improve the sensor intensity to increase the 
SNR.

In the previous paper, it showed two performance 
improvements with Au capping process that can control 
the size of gold nanoparticle (Au NP) [13]. First, the sen-
sitivity of the sensor was improved by increasing the size 
of Au NPs. Second, the binding force between the opti-
cal fiber surface and the nanoparticles caused by bigger 
Au NP improved the stability of the sensor. In this paper, 
we fabricate a fiber optic based LSPR sensor (FO-LSPR) 
and propose two methods to improve the SNR of the sen-
sor. The first method is to increase the LSPR intensity of 
the sensor by increasing the size of Au NP using Au cap-
ping. As shown in Fig.  1a, the FO-LSPR sensor is used 
as a sensor by immobilization Au NPs to the surface of 
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the optical fiber cross-section. In previous study, it was 
confirmed that the size of Au NP could be increased 
additionally from several nm to several tens nm by Au 
capping [13]. The second method is to increase the 
roughness of the optical fiber surface which is not cov-
ered with Au NPs by an etching process using Au NPs 
formed on the optical fiber surface as a mask. As shown 
in Fig. 1b, when the size of Au NP is increased addition-
ally by the first method, the amount of the scattered light 
is increased [13, 14]. The roughness of the optical fiber 
surface is increased due to the second method so that 
the reflected light which is the background signal of the 
sensor’s intensity from the surface of the optical fiber is 
reduced [15]. As a result, the SNR of the FO-LSPR sensor 
is increased.

The FO-LSPR sensor is fabricated and modified using 
the above two methods. Through the measurement of 
the refractive indices (RI) using the fabricated sensor, we 
verify experimentally the increase of the intensity by the 
Au capping and the decrease of the background signal by 
the reduced reflection on the optical fiber surface. Also, 
the SNRs of the fabricated sensor for fine variation of the 
refractive index are measured and compared according 
to the change of the time of Au capping and etching.

Fabrication of FO‑LSPR sensor
Multimode optical fiber (FG105LCA, Thorlabs) was used 
to fabricate the FO-LSPR sensor. The core diameter of 
the optical fiber was 105 µm and the diameter of the clad-
ding was 125 µm. The polymer on the surface of the opti-
cal fiber was removed and the optical fiber was cut using 
an optical fiber cleaver (S326A, Fitel).

The method of manufacturing the FO-LSPR sen-
sor consisted of three steps. First, the optical fiber was 
immersed in a piranha solution which was mixed with 
sulfuric acid ( H2SO4 , 95%, Daejung Chemicals) and 

hydrogen peroxide ( H2O2 , 34.5%, Samchun Chemical) 
in a volume ratio of 4:1 for 20  min. On the surface of 
the optical fiber, a hydroxy group (–OH) was formed 
by the piranha solution. Second, the optical fiber con-
taining –OH was immersed in a solution of 5% (v/v) 
3-(ethoxydimethylsilyl)-propylamine (APMES, 97%, 
Sigma Aldrich) for 90 min. After 90 min, a self-assem-
bled monolayer (SAM) with amine groups on the opti-
cal fiber surface was formed. Third, the Au NPs were 
electrostatically fixed to the optical fiber surface by 
immersion the amine-formed optical fiber in a colloidal 
gold solution for 60  min [16–18]. Figure  2a is a SEM 
image of the Au NPs which were fabricated on the opti-
cal fiber surface by this method. The average diameter 
of Au NPs was measured to be about 49.5 ± 4.1 nm.

Increasing the intensity of the FO-LSPR sensor was 
done by increasing the size of Au NP by Au capping. 
The Au capping was proceeded in two steps. First, The 
Au NPs which were immobilized on the optical fiber 
surface were reacted with 0.5 mM an aqueous solution 
of 1% sodium citrate dehydrate ( C6H5Na3O7 · 2H2O, 
99%, Daejung Chemicals). After this, when the Au 
NPs were reacted with 1  mM of chloride trihydrate 
( HAuCl4 · 3H2O , 99%, Sigma Aldrich), the size of Au 
NP was increased with the reduction of gold ions. In 
previous study [13], the size of Au NP was increased 
by 3.3  nm on average for 30  min in proportion to the 
time of reaction with HAuCl4 solution. The Au NP 
was increased additionally up to 20  nm after 180  min 
of reaction. Figure  2b is a SEM image of the Au NPs 
on the optical fiber surface after Au capping. It shows 
that the size of Au NP is larger than that of Fig. 2a. As 
a result, the size of Au NP is increased as the injection 
time of chloride trihydrate solution increases.

Equation  (1) based on the Mie theory, which is well 
known in the field of plasmonics, is an equation for 

Fig. 1  Schematic diagram of the FO-LSPR sensor a without and b with Au capping and etching process
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the phenomenon that the amount of scattered light 
increases as the bigger Au NP size.

σscatt is the scattering cross-section area. As σscatt 
increases, the amount of scattered light collected from the 
optical fiber increases. � is the wavelength of light which 
is incident to the Au NP, R is the radius of Au NP immo-
bilized on the surface of the optical fiber, m is the ratio 
between the refractive index of the Au NP and the refrac-
tive index of the surrounding medium [19]. As expressed 
in Eq. (1), if � and m have the fixed value, level of σscatt is 
dominantly influenced by the increase in the size of Au NP 
when the Au NP size ( R ) grows. As a result, the amount of 
collected light to the optical fiber through scattering from 
the Au NPs is increased due to the Au capping process. In 
this paper, we confirmed the increase of diameter about 
14 nm on the average through the reaction for 2 h.

To form a structure with decreased background signal 
by roughening the optical fiber surface, reactive ion etch-
ing (RIE) was performed using the Au NPs as a mask (RIE 
80 plus, Oxford instrument). As a result, the optical fiber 
surface not covered with the Au NP was roughened and the 
reflection from the surface was decreased.

The relationship between the surface roughness and 
the reflected light on the optical fiber surface which is not 
occupied by the Au NPs is shown in Eq. (2).

(1)σscatt = −

(

128π5

3�4

)

R5

[

m2
− 1

m2 + 2

]2

(2)Rs = R0exp
[

−4(πσ)2/�2
]

Rs is the reflectance according to the surface roughness, 
R0 is the reflectance of the smooth optical fiber surface, 
σ is the root mean square of the roughness ( Rrms ), and � 
is the wavelength of the incident light [15]. In Eq. (2), R0 
and � are same in all experiments. Therefore, Rs is domi-
nantly influenced by σ that increases with etching time. 
As a result, when the surface of the optical fiber becomes 
rough due to the RIE etching process, the background 
signal decreases because the light which is reflected from 
the optical fiber surface except for the portion occupied 
by Au NPs is lowered.

Using the first fabrication method, the amount of the 
scattered light which is the output intensity of the sen-
sor generated from the Au NPs was increased. Through 
the second fabrication method, the reflected light from 
the optical fiber surface, which is the background noise 
of the sensor intensity, was decreased. These fabrication 
methods can improve the performance of the fabricated 
FO-LSPR sensor.

Measurement system of FO‑LSPR sensor
The measurement system for the experiment using the 
fabricated FO-LSPR sensor is shown in Fig.  3. The FO-
LSPR sensor is placed in the reaction chamber inside 
the microfluidic channel to minimize the contact time 
between the sensor and external air, and four inlet ports 
and one outlet port are made to facilitate the exchange 
of the measurement solution [20]. The measurement sys-
tem of the FO-LSPR sensor which is combined with the 
microfluidic channel consists of the light source, 2 × 1 
coupler and spectrometer. There are three optical trans-
mission paths in the 2 × 1 coupler. The first part is con-
nected to the light source to transmit the light from the 

Fig. 2  The SEM images of Au NPs on the surface of the optical fiber a before and b after Au capping
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light source. The second part is connected to the FO-
LSPR sensor to transmit light to the sensor. The third 
part is connected to the spectrometer to receive scattered 
light from the sensor. Using the 2 × 1 coupler, the light 
which is scattered by the Au NPs is transmitted to the 
spectrometer to measure the signal.

Measurement of refractive indices using FO‑LSPR 
sensor
The LSPR signal according to the refractive index was 
measured by increasing the refractive index of the solu-
tion from 1.33 to 1.38 by 0.01 using the FO-LSPR sen-
sor. The FO-LSPR sensors were fabricated with various 
Au capping time and etching time. The Au capping time 
was changed to 0, 1 and 2  h to increase the size of Au 
NP, and the etching time was changed to 0, 5, 10 and 15 s 
to increase the surface roughness of the optical fiber. 
Measured LSPR signals varying refractive indices with 
the change of the etching time and the Au capping time 
are shown in Fig. 4. In Fig. 4, (a) is a graph showing the 
LSPR signal of RI = 1.33, (b) RI = 1.35 and (c) RI = 1.37, 

respectively. As the etching time is increased, the rough-
ness of the optical fiber surface is increased, so the back-
ground signal is decreased. As the Au capping time is 
increased, the size of Au NP is increased, so the LSPR 
signal is increased. As a result, the normalized intensity 
in Fig. 4 which was obtained by dividing the output inten-
sity of the sensor by the background noise has increased 
as the increase of etching time and Au capping time.

Measurement of background signal using FO‑LSPR 
sensor
Using the Au NPs as a mask, the RIE etching was per-
formed on the surface of the optical fiber which was not 
occupied by Au NPs for 5, 10, and 15  s, respectively, to 
fabricate the sensor. The Au NPs were removed to meas-
ure the roughness of the optical fiber surface which is 
fabricated by the RIE etching process. Figure 5 shows the 
measurement of the optical fiber surface from which Au 
NPs were removed using a 3D surface profiler. Figure 5, 
(a) is an image of 0 s etched optical fiber surface, (b) is 5 s 
etched optical fiber, (c) is 10 s etched optical fiber, and (d) 

Fig. 3  Schematic diagram of the FO-LSPR sensor measurement system

Fig. 4  LSPR signal change with Au capping time and etching time a RI = 1.33, b RI = 1.35, c RI = 1.37
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is 15 s etched optical fiber, respectively. Figure 5e shows 
the relationship between the calculated Rrms of the sur-
face of the optical fiber and the etching time.Rrms was cal-
culated using Eq. (3) [21].

yi is the height from the mean line, n is the number of 
intersections of the profile at the mean line. The Rrms was 
obtained from the measurement area (30 μm × 30 μm) of 
five zones each of the top, bottom, left, right, and center 
of the optical fiber surface.

Using Au NPs as a mask, RIE etching was performed 
on the optical fiber area which was not covered with the 
Au NPs. As a result, the Rrms of the surface of the optical 
fiber increased in proportion to the etching time.

The background signal of the sensor was directly 
measured to confirm that the surface of the FO-LSPR 
sensor was roughened by etching to reduce the reflec-
tion. The background signal of the FO-LSPR sensor 
means the output intensity of the sensor in the absence 
of Au NPs. After removing the Au NPs of the sensors of 
which surfaces were etched for 5, 10 and 15  s respec-
tively, we measured the background signal according 
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√
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√
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n
∑
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to the refractive indices change by increasing refrac-
tive index of the solution from 1.33 to 1.38 by 0.01. 
Measured results show that the background signal has 
decreased as the etching progressed as shown in Fig. 6. 
As a result, when etching was performed using the Au 
NPs as a mask, the structure for reducing reflection on 
the optical fiber surface was formed. Also, since the 
surface roughness was increased with the etching time, 

Fig. 5  Optical fiber surface image measured with 3D surface profiler a 0 s etching, b 5 s etching, c 10 s etching, d 15 s etching, respectively, and e 
roughness root mean square of the surface of optical fiber with etching time
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the amount of reflected light was decreased with the 
increase of the etching time.

Measurement of change in fine refractive index 
using FO‑LSPR sensor
Since the background signal was decreased through the 
etching process on the FO-LSPR sensor, the noise gener-
ated during the measurement using the FO-LSPR sen-
sor could be decreased. The SNR increases as the noise 
decreases, so that the fine change of refractive index can 
be measured. The sensors used in this experiment were 
four types of sensors with different Au capping and etch-
ing time, one for 0 and 2 h for Au capping time, and one 
for 0 and 15 s for etching. The experimental method was 
to increase the refractive index of solution from 1.333 to 
1.334 by 0.001 and to measure the intensity of the sensor. 
Figure 7 shows the change of the sensor intensity when 
the refractive index changes by 0.001. The Au capping 
time and etching time were set to 0 h, 0 s (a), 0 h, 15 s (b), 
2 h, 0 s (c), and 2 h, 15 s (d), respectively.

From the above measurement, the SNR can be defined 
as follow.

In Eq.  (4), SNR is defined as dividing the change of 
the sensor intensity due to the refractive index change 
by the average value of the noise at each refractive 
index. Table 1 shows the SNR measurement results for 
the four cases of Fig.  6 using Eq.  (4). As the Au cap-
ping time was increased from 0  h to 2  h, the SNR of 
the sensor with the etching time of 0  s was increased 
by 1.89 times from 1.45 to 2.74, and the sensor with the 

(4)SNR = �I /Background noise

Fig. 7  Measurement of fine change of refractive index using FO-LSPR sensor with a 0 h Au capping and 0 s etching, b 0 h Au capping and 15 s 
etching, c 2 h Au capping and 0 s etching, and d 2 h Au capping and 15 s etching, respectively

Table 1  SNR of  the  FO-LSPR sensor for  different Au 
capping time and etching time

SNR Au capping time (h)

Etching time (s) 0 2

0 1.45 2.74

15 8.45 15.39
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etching time of 15  s was increased by 1.82 times from 
8.45 to 15.39. As the etching time was increased from 
0 s to 15 s, the SNR of the sensor with the Au capping 
time of 0  h was increased by 5.83 times from 1.45 to 
8.45, and the sensor with the Au capping time of 2  h 
was increased by 5.62 times from 2.74 to 15.39. The 
SNR of the sensor with the Au capping time of 2 h and 
the etching time of 15  s was increased by 10.61 times 
from 1.45 to 15.39 comparing with the sensor without 
Au capping and etching.

As a result, the two methods which were proposed to 
increase the SNR of the sensor could increase the SNR. 
Especially, increasing the roughness of the optical fiber 
surface through the etching process has more effect on 
increasing the SNR, and simultaneous application of 
both methods is more effective.

Conclusion
We increased the sensor intensity by increasing the size 
of Au NP using Au capping method and decreased the 
sensor background signal by increasing the roughness 
of optical fiber surface by etching process using the Au 
NP as a mask. From the measurement results using the 
fabricated FO-LSPR sensor, it was verified that the SNR 
of the sensor was increased with the increase of the 
Au capping time and the etching time. The proposed 
method can improve the SNR, one of the important 
characteristics of the sensor, so it is expected that it can 
be applied to accurate diagnosis of diseases through 
measurement of very low concentration of biomole-
cules present in the blood.
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