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a b s t r a c t

A sensing system for an angle-scanning optical surface-plasmon-resonance (SPR) based biosensor has
been designed with a laser line generator in which a P polarizer is embedded to utilize as an excitation
source for producing the surface plasmon wave. In this system, the emitting beam from the laser line
generator is controlled to realize the angle-scanning using a variable speed direct current (DC) motor.
The light beam reflected from the prism deposited with a 50 nm Au film is then captured using the area
CCD array which was controlled by a personal computer (PC) via a universal serial bus (USB) interface.
The photoelectric signals from the high speed digital camera (an area CCD array) were converted by a 16
bit A/D converter before it transferred to the PC. One of the advantages of this SPR biosensing platform is
greatly demonstrated by the label-free and real-time bio-molecular analysis without moving the area
CCD array by following the laser line generator. It also could provide a low-cost surface plasmon reso-
nance platform to improve the detection range in the measurement of bioanalytes. The SPR curve dis-
played on the PC screen promptly is formed by the effective data from the image on the area CCD array
and the sensing responses of the platform to bulk refractive indices were calibrated using various con-
centrations of ethanol solution. These ethanol concentrations indicated with volumetric fraction of 5%,
10%, 15%, 20%, and 25%, respectively, were experimented to validate the performance of the angle-
scanning optic SPR biosensing platform. As a result, the SPR sensor was capable to detect a change in the
refractive index of the ethanol solution with the relative high linearity at the correlation coefficient of
0.9842. This greatly enhanced detection range is obtained from the position relationship between the
laser line generator and the right-angle prism to allow direct quantification of the samples over a
wide range of concentrations.

& 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, the optic surface-plasmon-resonance (SPR) bio-
sensor has been developed rapidly with the cutting-edge features of
label-free biomolecular interactions, such as protein–protein, pro-
tein-DNA, drug-target, antigen–antibody binding, that provides
information on kinetic analysis (association and dissociation pro-
cess), binding affinity, concentration analysis and real-time molecule
l Engineering, Henan
detection [1–4]. In principle, SPR is highly sensitive to the variations
of refractive index near to the Au film surface or the mass of sub-
stances attached on it [5]. The SPR biosensor can detect the binding
of biochemical molecules with a high sensitivity in real-time [6–9].
Therefore, it is widely exploited in agriculture, food safety, drug
screening, medical diagnostics and environmental monitoring fields
[10]. In contrast, traditional analysis methods including the X-ray
photo-electronic spectroscopy (XPS) [11], Auger electronic spectro-
scopy (AES) [12], Secondary-ion mass spectrometry (SIMS) [13], Gas
Chromatography (GC) [14], High Performance Liquid Chromato-
graphy (HPLC), Gas Chromatography–Mass Spectrometry (GC–MS)
and Liquid Chromatography–Mass Spectrometry (LC–MS) cannot be
used to study the biomolecular kinetic process [15,16]. Furthermore,
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Fig. 1. Schematic of angle-scanning based SPR biosensor using a laser line gen-
erator; a. The laser line generator was located at the left side of the stainless steel
guide rail, b. The laser line generator was located at the position x away from the
left side, while c indicated the right side position.
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the instruments designed on principles of the spectroscopy tech-
nology are expensive, and the complicated preparation of samples
and professional persons were needed in operations to detect the
bioanalytes qualitatively and quantitatively. However, the SPR bio-
sensor is not only able to monitor the kinetic process of biomole-
cular interactions in real-time, but also to detect the target samples
at lower level concentrations under a small sample volume [17]. In
the detection of DNA hybridization, the small DNA fragments can be
also detected at the label free situation by using the SPR biosensor,
such as 54 fM (femtomole, fM) [18]. Several hours or days were
needed to complete the analysis of kinetic process of biomolecular
interaction by using the traditional method for biochemical analysis,
while only a few minutes are consumed to obtain the results of bio-
molecular interaction by using the optical SPR biosensor [19]. Quartz
crystal microbalance (QCM) was utilized to monitor the kinetic
process of proteins and biomolecular adsorption in real-time,
although the QCM responses occur at a later time than the SPR
responses [20]. A novel multi-channel fiber optic SPR sensor has
been constructed to perform the analysis of biomolecular interac-
tions [21]. Currently, the application requirements of an optical SPR
bio-analyzer used in environmental monitoring, agriculture and
medicine have become a very urgent requirement [22,23]. Many
academic and engineering efforts have been aimed at the minia-
turization of the biosensor system, such as the portable bio-analyzer
with high-throughput, non-destructive, low cost and label free fea-
tures applied in environmental monitoring, safety monitoring for
foods, and the product quality control. Several groups have devel-
oped the miniaturized SPR bio-analyzers to reach the demands for
using in the bio-analytical field [24–26]. A compact system based on
SPR prism sensor using laser line generator has been preliminarily
designed [27]. Nevertheless, the requirement for low cost SPR bio-
analyzers with a high stability and the simultaneous analysis of
multiple analytes on-site is steadily increasing.

In this work, we report a low cost SPR sensing scheme with the
angle-scanning optic SPR biosensing platform using a laser line
generator. The beam from the laser line generator is controlled to
scan the Au film to realize the angle-scanning using a variable
speed DC motor. The reflected light from the prism was then
captured by a digital camera (an area CCD array) which was fixed
on the supporting frame. It provides a low cost SPR biosensing
platform that greatly facilitates the label-free and real-time bio-
molecular analysis. To greatly improve the detection efficiency of
the SPR bio-analyzer, the area CCD array working at a high flame
rate in excess of 15 frames per second is used to collect the SPR
response signals produced by the reflected beam on the CCD array.
Compared with the linear CCD array, the area CCD array can
broaden the region of interesting (ROF) and provide a fundamental
principle for realizing multiple channels to detect the sample
solutions. In conventional SPR systems, the CCD array was moved
by following the light source. Especially, the use of refractive index
matching oils in the optical coupling process was inevitable. In this
SPR biosensing platform, a 50 nm Au film was deposited on the
small prism, which can be replaced conveniently when the Au film
was scrapped after using over times. Thus this procedure for
performing the optical coupling with matching oil is obviated.
2. Materials and methods

2.1. Materials

The laser line generator (dimension ϕ16 mm�45 mm (L),
wavelength 780 nm, beam divergent angle 65°) was purchased
from SFOLT Co. Ltd. (Shanghai, China). The digital camera (an area
CCD image sensor) was purchased from China Daheng Co., Ltd. The
high speed acquisition circuit board was purchased from Tianjin
Brilliance Photoelectric Technology Co., Ltd. (Tianjin, China). BK7
prism with 50 nm Au film was customized in Changchun Dingxin
photoelectric Co. Ltd. (Changchun, China). The optical adjustment
clamp for holding the right angle prism was fabricated in Henan
Nongda Xuejie Measurement and Testing Technology Co., Ltd.
(Zhengzhou, China). Ethanol and 1 mol/L phosphate buffered sal-
ine (PBS) buffer (pH7.4) were purchased from Shanghai General
Chemical Reagent Factory (Shanghai, China).

2.2. The fundamental principle of the SPR biosensor

The schematic diagram of this SPR biosensing platform
designed by using a laser line generator with angle-scanning is
shown in Fig. 1. The laser line generator combining with angle-
scanning system was utilized to change the incident angle to
excite the SPR wave occurred at the interface between the Au film
deposited on the prism and dielectric adjacent to the Au film to
produce the SPR phenomenon. A DC motor working at variable
speeds was used to keep the laser line generator moving back and
forth along the stainless steel guide rail. Although the laser beam
from the laser line generator was scanned gradually on the Au film
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at the same divergent angle, the photoelectric signals from the
area CCD array were obtained to establish the SPR curve only at
the forward direction from the initial position, while nothing
being recorded on the way that the laser line generator returns
back to the initial position. The speed of the DC motor controlled
by the PC on the way back is faster than the speed on the forward
way. Before a sample solution was flown through the surface of
the Au film, an initial angle should be estimated prior to the
occurrence of total internal reflection at the interface between the
prism and Au film. Thereafter, the SPR phenomenon was produced
at a certain incident angle over the critical angle of total internal
reflection.

From Fig. 1, Fig. 1a and c are shown that the laser liner gen-
erator controlled by the DC motor was located at the right side and
the left side of the stainless steel guide rail, respectively. From
Fig. 1c, it is known that the evanescent wave produced from the
total internal reflection acts on the prism can excite a standing
charge density wave on the gold surface [28]. A surface plasmon
wave will be produced by the standing charge density at the
interface between the metal film and the biological medium. The
surface plasmon wave is a P-polarized electromagnetic wave due
to a P-polarized light being parallel to the incident plane, while the
S-polarized light being perpendicular to the incident plane.

For the SPR biosensor constructed by a prism with the coupling
method of the attenuated total reflection, the propagation con-
stants of the incident light wave and the surface plasmon wave
along the x axis will be obtained in Eq. (1) and Eq. (2).
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εpr

p ω
c

sin θpr ð1Þ

kspx ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ε\�t\�t �
m εs

ε\�t\�t �
m þεs

ω
c

s
ð2Þ

kprx ¼ ffiffiffiffiffiffiffi
εpr

p ω
c

sin θpr ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ε\�t\�t �
m εs

ε\�t\�t �
m þεs

ω
c
¼ kspx

s
ð3Þ

where the propagation constants for incident light wave and the
surface plasmon wave are indicated with kspx and kprx , respectively.
εpr is the refractive index of the prism, while ε � m is the complex
refractive index of the metal film. θpr is the angle formed between
the incident light and the normal line of the prism. εs is the
refractive index of the biological sample flowed through the Au
film surface. C is the speed of light and omega ω is the frequency
of the surface plasmon wave.

Both propagation constants will be equal, kspx ¼ kprx ¼ kx while
the surface plasmon resonance phenomenon occurring. At the
resonance point, the intensity of the incident light is absorbed
greatly, while the intensity of reflective light is approximately zero.
By using this relationship, the refractive index of the biological
sample bound on the surface of the Au film will be calculated.
After the light at a certain wavelength and a certain angle is shone
on the interface between the prism and the Au film, the surface
plasmon and the photon inside the Au film will be absorbed. This
is seen by a minimum intensity value in the reflection spectra. The
position of the minima is indicative of the chemistry on the Au
film surface of the SPR sensor. The shift for the minimum value is a
measure of the dielectric constant or refractive index changed on
the Au surface.

In this experiment, the laser line generator consisting of a P
polarizer was customized in SFOLT Co. Ltd. The black dash-dotted
line denoted the laser beam at a certain divergent angle, and the
black solid line is the effective light beam irradiated on the surface
of Au film to produce the SPR phenomenon after a sample solution
was flowed through the Au film. Due to the small size of the Au
film (6 mm�3 mm), the irradiation range of the laser beam used
in our experiments can completely cover the surface of Au film.
The reflected light beam from the prism was first reflected by a
mirror and then recorded by the area CCD array, which was con-
nected with an acquisition circuit. The photoelectric signals were
then transferred to the PC for the further analysis.

From Fig. 1, the angle α between the laser line generator and
the stainless steel guide rail and the height D between the front-
end of the laser line generator and the stainless steel guide rail
sensitively affect the effective incident angle which the free elec-
trons inside the Au film are excited to produce the SPR phenom-
enon. In order to obtain the relationship between the incident
angle α and the position of the laser line generator (denoted with
D) approximately, θ1, θ2 and θ3 are calculated from the Eqs. (4)
and (5). θ1 and θ2 are the angles between the laser rays (shown in
black solid line) and the froth-end and back-end of the Au film,
respectively, while θ3 is the angle between the two laser rays
indicated with the black solid line (see Fig. 1).

tan θ1 ¼ S
H�D

tan θ2 ¼ SþM
H�D

θ3 ¼ θ2�θ1

8><
>: ð4Þ

tan θ1 ¼ S� L
H�D

tan θ2 ¼ S�LþM
H�D

θ3 ¼ θ2�θ1

8><
>: ð5Þ

where L denotes the single-way distance for the laser line gen-
erator moving from left to right (L, less than 25 mm); H denotes
the distance between the stainless steel guide rail and Au film; S
denotes the horizontal distance between the central point of the
front-end of the laser line generator and the front-end of Au film,
and M denotes the length of the Au film. Provided that the laser
line generator is moved from the leftmost position x (shown in
Fig. 1), θ3 can be calculated from the Eq. (6).

θ3 ¼ arctan
S�XþM
H�D

� �� �
� arctan

S�X
H�D

� �� �
ð6Þ

As can be seen from the Eq. (6), the changes of the angle θ3 is
related to the reciprocating motion (denotes with x) of the laser
liner generator. The relationship determined by the Eq. (6) showed
that the incident angle θ3 plays a crucial role in the design of the
platform of this SPR biosensor.

Fig. 1b shows that the position indicated with the incident
angle θ3 to the surface of the Au film will be changed with the
changing position x. The relationship indicated with the incident
angle θ3 is used to evaluate the dynamic detection range of this
SPR biosensing platform.

2.3. Design of this experimental platform

The schematic diagram of the platform of an angle-scanning
based optic SPR biosensor using a laser line generator was shown
in Fig. 2.

This platform consists of a laser line generator, area CCD array,
optical adjustment clamp, acquisition circuit board, a right-angle
prism deposited with 50 nm Au film, an optical P polarizer, and the
flow cell with the dimension of 3.5 mm (L)�0.5 mm (W)�
0.25 mm (H) [29]. VCþþ program was developed to complete the
SPR response signals acquisition, to analyze the data stored in PC
and to display the SPR curves on the screen. The area CCD array
does not need to be moved with the laser line generator. A semi-
sphere prism maybe used to continuously excite the SPR phe-
nomena. However, it is not conductive to mount the laser line
generator. After preliminary experiments, the right-angle prism
was found to meet the requirements easily because the incident
angle θ3 obtained from the right-angle prism is larger than the
angle from the equilateral-triangle prism (see Fig. 3). For the right-



Fig. 2. Structure diagram of the angle-scanning based optical surface plasmon resonance biosensor using the laser line generator.

Fig. 3. Schematic diagram of incident and reflection of the laser beams for the equilateral triangular prism and the right angle prism.
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angle prism, one rectangular surface is deposited with a layer of
approximately 50 nm Au film. The laser beam providing a certain
angle shines on the surface of the right-angle side of the prism.
Therefore, a bunch of straight beam impinges on the surface of the
Au film at the right-angle side. By calculation, the attenuated total
reflection was occurred at the end of the right-angle prism by
adjusting the effective incident angle θ3.

Schematic diagrams for the comparison of the laser beams
through the equilateral-triangle prism and right-angle prism are
depicted in Fig. 3.

As shown in Fig. 3, α3 can be calculated by the triangle formula
from α2, and the incident angle α1 can also be calculated from the
Snell's law. For example, take the consideration of the SPR angle
obtained from the deionized water through the flow cell, the SPR
angle around 72° is validated from this setup (the index of
refraction of deionized water is 1.334. The index of refraction of
the prism is 1.5138 (BK7 glass), while the index of refraction of air
is 1). Therefore, the incident angles α1, α4 are calculated to be
approximately 18° and 108°, respectively, if the traditional
equilateral-triangular prism was used (Fig. 3a). The SPR angle
ranged from 62° to 82° are obtained generally from this setup
when the deionized water was flowed through the Au film. The
angle α4 will be gradually increased (larger than 72°) with the
increment of SPR angle obtained from the sample solution, which
is greater than the SPR angle (72°) from the deionized water.
Consequently, the incident angle α1 resulted from the laser line
generator beam is also magnified. The laser beam produced by the
laser line generator at the divergent angle of 65° cannot reach the
prism due to the narrow space between the laser line generator
and the prism. For solving this problem resulted from the special
configuration of light source, the right-angle prism was chosen in
this experiment (Fig. 3b). For this right-angle prism, provided the
SPR angle of 72° is also obtained from the deionized water, the
incident angles α1 and α4 were calculated to be 23° and 67° from
the Snell formula. The angle α4 can be approached to 90° with
increasing of the SPR angle. Consequently, the incident angle α1

reaches to zero, approximately. This consideration is to avoid the
interference caused by the reflected light perfectly.

After the reflected light impinges onto the area CCD array, the
SPR curves can be established from the photoelectric signals cor-
responding to different reflected angles, which were converted by
the area CCD array. Prior to this experiment, the structural para-
meters illustrated in Fig. 1, including L, H, S, M, and D, are set.
Therefore, the initial conditions can be adjusted easily according to
the different measurement requirements to improve the dynamic
detection range of the SPR biosensing platform using the laser line
generator.
3. Results and analysis

For this CCD camera, the images formed by the SPR responses
were recorded on the CCD for the ethanol concentrations ranged
from 0% to 25% (see Fig. 4). From Fig. 4, the resonance position was



Fig. 4. The images recorded on the area CCD area for the ethanol concentrations ranged from 0% to 25% in volumetric factors. a. 0%, b. 5%, c. 10%, d. 15%, e. 20%, and f. 25%.
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shifted to the right obviously. The images obtained from the SPR
biosensing platform using the laser line generator are stored in a
3-dimensional value.

A number of 2D images are precisely taken by the area CCD
array while the laser line generator is moving on the forward way.
Then each 2D image is averaged in one dimension resulting in the
1D data. Finally, a number of 1D data is averaged to achieve a
single 1D data. The response units can be derived from the single
1D data by performing the calibration. The SPR response curve was
obtained by processing these image data obtained from the dif-
ferent concentrations of ethanol solution that flowed through the
flow cell attached on the surface of the Au film of the SPR bio-
sensor. Provided that N images were collected at certain sampling
rate from the area CCD array, the procedures for the data proces-
sing of images can be described as follows: (1) convert the 3-
dimensional image data into a 2-dimensional image data by
accumulating all gray values along Y coordinate at the same X
coordinate. Then the 2-dimensional data set was formed with the
new X and Y coordinate. (2) Process the data with mean filtering.
The gray level is described as:

g½i; j�; i¼ 1;2;…;n; j¼ 1;2;…;m
� � ð7Þ

The gray level related to the photoelectric signal from the CCD
array is g11; g12; g13;…; g1n at i¼1. For a set of measured data, a
window size included of Matrix M�N is produced in the upper
PC. The average value of gray level at i¼1 corresponding to X1 is
given by:

Y½1� ¼ 1
N

XN
j ¼ 1

gð1; jÞ ð8Þ

Then moving on the next data subset i¼2, the sampling values
are also expressed as g21; g22; g23;…; g2n, and the average value of
this new data set at i¼2 corresponding to X2 is given by:

Y½2� ¼ 1
N

XN
j ¼ 1

gð2; jÞ ð9Þ

and so on. The new data set obtained was

½xðiÞ; yðjÞ�; i¼ 1;2;3;…;m; j¼ 1;2;3;…;n
� � ð10Þ

In this experiment, the DC motor drives the laser line generator
to do reciprocating motion at a variable speed and the area CCD
array periodically collects the reflected signals. For the laser line
generator beam scanning the Au film surface, the closer the laser
line generator to the Au film, the smaller the effective incident
angle is. The SPR phenomenon occurred at a certain position of the
laser line generator. Generally, the data from the area CCD array
can be a relatively highly consistence as long as the acquisition
time of the area CCD array is integer times of its period of the
reciprocating motion. However, it is not always working at integral
times of its period, so the acquisition rate of the area CCD array is a
parameter worth of considering. In this experiment, the area CCD
array acquisition rate is 15 fps (frame per second), while the laser
line generator moves at the rate of 5 mm/s to ensure the area CCD
array can capture a clear image and record all trajectories. 120, 135,
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150 images were taken from the known concentration of 10%
ethanol solution in volumetric faction under this experiment,
respectively. The results have a great consistency obtained
by accumulating them and the correlation coefficient of 0.9972
was obtained. Although the acquisition time does not need to be
strictly limited, the acquisition rate plays a crucial role during the
process of measurement to obtain the adequate data. The perfor-
mance can be improved greatly if the complete image of the SPR
phenomenon could be obtained under the correlation coefficient
being over 0.98 experimentally. The intensity of response signals
(response unit, RU) is calculated with the same method as in the
previously reported works [30]. In this experiment, the 25 images
were captured during one cycle and totally 4 cycles are needed for
obtaining the optimized SPR curve.

The sensing response of the SPR biosensor platform to the bulk
refractive index was calibrated using various concentrations of
ethanol solution to validate the performance of this SPR biosen-
sing platform. In processing the image projected on the area CCD
array, it is not easy to obtain the response position on the CCD
directly due to the wide region of interesting from this SPR bio-
sensing platform. Therefore, a centroid algorithm was chosen to
get the resonance position on the CCD. Taking the SPR response
curve obtained from the known concentration of ethanol solution
as an example, the delta response unit (ΔRU) can be calculated by
subtracting the RUs from the PBS flowed through the flow cell
Fig. 5. Sensorgram of a sensing response with inset response signals at the con-
centrations of ethanol solution of 5%, 10%, 15%, 20% and 25% in volumetric factions.
The report points set during these experiments are denoted by baseline, 5%, 10%,
15%, 20% and 25%. Baseline refers to the report points set 4 min before the injection
of the ethanol solutions. It is defined as baseline. 5%, 10%, 15%, 20% and 25% refer to
the report points after injection of ethanol solutions from 5% to 25% in volumetric
factions, accordingly. The inset at the upper left is a relationship curve established
between different concentration of ethanol solutions and ΔRU value.

Table 1
A comparison with similar products.

Technical parameters Specifications

Bioanalyzer Biacore3000 AUTOLAB E
No. of channels 4 2
Sample volume 0.02 ml 20–150 ml
Autosampler Full automatic operation Full automa

Semi-autom
Manually o

Baseline noise – 0.1 mº
Fixed wavelength – 670 nm
Weight – 40 kg
Angle-scanning range – –

Concentration range 10�3–10�11 M 10�3�10�

Refractive index range 1.33–1.40 1.26–1.38 (
1.32–1.44 (

“–” Indefinite.
with the RUs obtained from the ethanol solution over Au film
surface of the biosensor. The sensorgram of a sensing response at
the concentration of ethanol solution of 5%, 10%, 15%, 20% and 25%
in volumetric factions was shown in Fig. 5.

From the inset in Fig. 5, the sensitivity of the SPR biosensor can
be expressed with the measured concentration of ethanol solu-
tions related to theΔRU values, which clearly reflects the excellent
performance of the SPR biosensing platform. The time for a single
angular scan depends on the kinetic constants calculated from the
interactions between two bio-molecules on the Au film. It can be
adjusted by changing the speed of the DC motor to reach an
optimized value. For this SPR platform, only 8 s being required for
the single angular scan in one way and 5 min for the interaction to
reach an equilibrium point for the ethanol solutions.

As can be seen from the RUs produced from the angle-scanning
based SPR biosensor using the laser line generator, the RUs cor-
responding to the bulk index of refraction of the ethanol solutions
and an excellent linear relationship between them can be easily
obtained by the linear fitting algorithm with the equation of y¼
2636:74x�877:1312 at the correlation coefficient of 0.9842. The
calculated sensitivity of this biosensor is 845.60 RU/Volumetric
fractions of the ethanol solutions. The specifications comparison
between this SPR platform and those standard SPR setup is shown
in Table 1. From Table 1, it provides comparability among the
similar commercial products on technical parameters.
4. Conclusions

In summary, a SPR biosensing platform was developed by using
the laser line generator via the modulation of the beam divergent
angle with the variable speed DC motor controlled by the PC
automatically. The single-way distance (indicated with L in Fig. 1)
for the laser line generator moving from left to right is less than
25 mm. A more compact portable SPR platform can be achieved
successfully. The current SPR biosensing platform was designed to
be low cost and wide dynamic detection range for the on-site
kinetic analysis of bio-molecular interactions. The detection effi-
ciency and sample analysis speed were greatly improved due to
the elimination of manual operations. The right-angle prism
instead of equilateral-triangular prism has utilized to reduce the
influence of incident light which is always used to excite the
surface plasmon inside the Au film. The different concentrations of
ethanol solution in volumetric fractions have designed to validate
the performance of this angle-scanning optic SPR biosensing
platform. The mean filtering algorithm has been applied to process
the image data occurred in the range of interesting. Correspond-
ingly, an order modified centroid algorithm with a dynamic
sprit This SPR platform using a laser line generator
1
200–400 ml

tic, Peristaltic pump
atic,
peration

o 5 RU (within 2 h)
780 nm
Less than 10 kg
Large than 30°

10 M –

BK7 slider) 1.321–1.427(calculated from the ethanol solutions)
N-BAF3 slider)
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baseline has been used to calculate the lowest point of SPR curves
[30]. The relationship between different concentrations of ethanol
solution and SPR positions has been established and the rela-
tionship between the position of the laser line generator and
changes of the effective incident angle from the scanning config-
uration has been analyzed in formula. In our work, the sensing
response of this SPR biosensing platform to the bulk refractive
index was calibrated using various concentrations of ethanol
solution of 5%, 10%, 15%, 20% and 25% in volumetric factions. As a
result, this SPR sensing platform was able to detect the change in
the refractive index of the ethanol solution with a high linearity
and sensitivity at the correlation coefficient of 0.9842 and the
sensitivity of 845.60 (RU/Volume fractions). The results obtained
from a series of tests confirmed the practicality of this SPR bio-
sensing platform for the detection of a tiny change in refractive
index, which can be produced by a variety of bioanalytes. In order
to determine the feasibility and optimize the structure of this SPR
biosensing platform for bio-molecular interactions in practice,
there are still some problems, such as uniform reciprocating
motion of the laser line generator, the image shadow and the
uncertainty of the area CCD array. All of the above need to be
further solved in the future.
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