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ABSTRACT

Detection of biomolecules is earning wide attention from sensing
researchers because of demand in many critical fields. SPR technique
is considered the most efficient method to study of biomolecular. In
this work we present an idea to enhance efficiency and performance
of SPR based biosensor system. SPR system response to presence of
specific concentration of targeted molecules by absorbing a specific light
wavelength from a wide light spectrum. The accuracy of the sensing
depends on the accuracy of absorbed wavelength shift tracking. The
resonance absorbation in the output light specrum observed as a dip in
SPR reflection intensity. The tracking precision of the dip peak position
on the wavelength axis determines sensitivity of the sensing. This work
presents an idea that makes the dip peak more sharp, and decrease the full
width at half maximum (FWHM) of the dip peak. consequently the whole
performance will be improved in terms of sensitivity and consequently the
whole performance will be improved in terms of sensitivity and low limit
detection parameter.
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INTRODUCTION

Biosensing, is a growing analytical technque to
detect the biological molcules by use transducing
systems [1]. Transduction mechanisms translates
the bio variations into electrochemical, electrical,
thermal or optical signals which are quantifiable
and easy to readable [2]. Biosensing is plentifully
employed to detect a various biological small
biomolecules (e.g., glucose, uric acid) and
biomacromolecules  (e.g.,enzymes, proteins,
nucleic acids bacteria, cells, and viruses) [3-7].
Biosensorswith highsensitivity,goodselectivityand
fast response have high demand for a many fields
such as (environmental studies, disease diagnosis,
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food inspection, agriculture and medical utilities).
The most common of biosensors are the optical
type. Optical biosensors are considered the best
alternative to ordinary analytical techniques, due
to their good performance particularly in terms of
sensitivity, selectivity, and cost effectiveness [8,9].
In this type of biosensors the analyte is detected
emlpying the reaction of the light field with the
bio-recognition element, with either label free
basedwhen the sensing signal is formed directly
during interact the analysed sample with the
transducer, or label based techniques When an
additional element is used to generate the optical
signal signal via (e.g.luminescent, fluorescent
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or colorimetric method). Development of optical
biosensor device is a new step towards revolution
in the bioelectronics technique.

Since first demonstration of SPR phenomenon
in the early 1990s, it considered the most efficient
method to obsorve the kinetic parameters of bio-
molecules reaction [10].

The surface plasmon resonance phenomenon
occur when specific  wavelength p-polarized
light strikes a conductive film at certian angle
under TIR condition stited between two media
(usually liquid and glass), a part of the light
energy is coupled with the surface layer electrons
of the metal thin film, which then oscillate due
to excitation, these movement of electron is
called plasmon. The oscillation of the plasmon
generates an electric field extends approximately
300 nm from the interface of metal layer and the
low reflative index medium which is usually a
liquid medium Fig. 1 [11].

Practically, the resonance condition exhibits as
a dip peak in the light reflected spectrum or in the
angular distribution curve of certain wavelength
reflected light intensity [13].

The angle or the wavelenght, at which SPR
resonance occurs is dependent on the optical
properties of the meduim near the metal surface.
The resonance condition is quite sensitive to
the refractive index nearby the metal film, as a
result even littel varation changes the resonance
condation.

Accordingly, change in the optical properties of
the sensing medium (e.g., through bio-reaction),
leads to shift in the angle or the wavelenght
resonance.

The minimal detectable shift in the respnos
parameter, in unit of degree or wavelength for at a
fixed incidence angle or wavelength, respectively,
may be used to describe the optical sensitivity of
the system[14].

Convertting the flat metallic thin film to nano
island in range of incedence light wavelenght
show intense collective charge vibration with
respect to the fixed ions, that provide opptiounty
to develop a kind of plasmon named localized
surface plasmon [15,16]. The idea of this kind
of plasmon which called LSPR is a confine the
plasmon field of plasmonic in the nanostructure
or nanoparticles, whicg leads to depend the
resonnance on the shape, size, aspect ratio,
beside to the sourounding medium[17,18]. The
LSPR extinction function of the field E(A) as an
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accumulation of light absorption and scattering is
determined by [19,20]:

EO) = 241T2Na383D/2 & )
W = Aln (10) ‘(g + Gep)? +si2]

g, € are imaginary and real metal-dielectric
constant, respectively, € is the dielectric constant
value of surrounding medium, T represent the
form factor of nanoparticles.

Despite the rapid development, the reproduce
of the sensing fabrication still challenging in local
SPR because the particle size and aspect ratio are
affecting the extinction field ( Eq. 1), and there
are many simulations and experimental studies
confirm the correlation between geometric shape
and dimensions of the nanoparticles and optical
sensing performance

The characters of the LSPR are heavily affected
by the particle size and aspect ratio, many studies
confirm this dependence, and try fo find out the
optimal geometric shape [ 21-24].

The association of change in the resonance
wavelength with the change in a refractive index
of sensing medium has been modeled by the Eq.
2 [25,26]

_zd
AAyax = M An (1 —e ld) 2)

m is a bulk refractive index of nanopatricals,
An ; vary in the refractive index, AA; the shift in
the resonance wavelength, d; thickness of the
absorbed layer, and |; electromagnetic field
decay length.

Sensitivity is a one of essential parameter of the
sensor which is identify as a plasmon resonance
wavelength shift per a refractive index change in
the sensing medium [25, 27]:

AX nm

=1 o (3)

The equation predicts a linear relationship
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between the postion of resonanc wavelenght and
refractive index of the sensing medium, which is an
encouraging sign to employ it in sensing function.

Drude mode has been used as another
approach to find out the relationship between
the sensing medium properties and the postion
of plasmon resonance wavelength based on the
plasma frequency of the metal film.

The mathematical model (Drude model) was
studing the movment of the electrons cloud under
effact of electrical restoring force from their
equilibrium positions around the ionic positive.
The result of this mathematical proceeding has
been also shown that the association between
refractive index of the sensing medium and
the LSPR resonance wavelength (A ) is an
approximately direct dependency, according to
the Eq. 4 [25]:

__ M

A - =
SN A (4)

}\p represents the light wavelength synchronized
to the plasma frequency of the bulk metal. These
linear feature makes this phenomenon suitable to
employ it for sensing function.

The crucial point of plasmon sensing
performance is an observed and tracking the shift
in the absorption peak wavelength at the pasmon
spectrum. Optimal performance requires the
ability to observe the small change as possible
observe as small changes as possible.

SPR sensor resolution is defined as the
minimum change in the sample refractive index
develops a observable change in the output signal
of the sensor. The amount of sensor signal output
change that can be detected depends on the
level of disturbance of the sensor output signal
- the output noise which can be recapitulated by
standard deviation of the output signal. Therefore,
refrective index mesurment resolution is defined
as [28]:

_ Oso
Og] = S (5)

Where o__ is the std dev. of the sensor output, S
is a Rl sensitivity.
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We note that the more sharp absorption peak
leads to larger change in the sensor output signal,
which means higher resolution. This work seeks to
enhance accuracy and resolution by improving the
shape of the signa.

The noise in the output signal originated mostly
from two main sources, light intensity fluctuate ,
which affacts all detectoe elements (spectrometer
pixels) equally and electronic noise that generate
in the detector thermally and in its the electronic
circuit which affact in each detector element
independently.

Studies have been shown that the detectors
independently behavior is a negligible compared
with shot noise, which confirms the light source
noise dominates the noise of the measured light
intensity.

Data processing are used to minimize the
light intensity noise effects, mostly two types of
averaging; temporal averaging (signals average
over time period for each detector element) and
spatial averaging (average of N detector pixels
signals on same sensing channel ).

Mathematically, according to the resoluation of
the sensor is determined by the value of standard
deviation of standard deviation of the sensor
output using Pearson correlation coefficient [28 |:

o0  Lsot W (6)
s I,VN d;

Where oso(8,\) is the std dev of the sensor
output (angular position or dip wavelength
respectively), olth is the noise level, d isa SPR dip
depth, w(B,A) is the dip width of the wavelength or
angular spectrum at the threshold.

All the above approaches are attempts
to enhance accuracy and resolution by
mathematically dealing or/and processing the
signal in somehow. In this work we have trying to
provide an experimental approach to enhance the
resolution by producing a signal characterized by
narrow w and deepd.

This work offers idea to boost the SPR spectrum
signal shape by using a set up allows for repeat the
plasmon excitation. where repeating the plasmonic
reaction leads to more absorption of the resonance
wavelength, as a result, a more sharp and narrow
FWHM  (Full-width-half-maximum) absorption
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peak which supports the sensitivity accuracy.
According to the above equations. Improve optical
performance os both SPR and LSPR systems in
terms of refractive index sensitivity is reflected in
their operation as chemical or biological sensors.

MATERIALS AND METHODS

The main part of this system is A piece of
(10x40x3)mm  slant angled ends glass strip
was setted up as a optical waveguide core. The
preparing of the glass waveguide core was initially
begin by fixing the geometric dimensions, and
carving the ends angles, then cleaning several
times in with piranha solution (1:3, hydrogen
peroxide and sulfuric acid) followed by rinse with
deionized water, and drying by nitrogen blowing.

Establishing the plasmonic system was started
with deposit a 2 nm of chrome on the top side of
the glass strip serves as adhesion layer followed
by 50 nm gold layer using thermal evaporation
technique “Edwards 360 unit at the vacuum of 10

®” Fig. 1.
The gold layer has been subjected to heat
treatment extreme temperatures, using

convection oven at 55 ‘C for 10 h. to convert it

Glass

Chrome
Gold

to nano-spots (Fig. 2) . The surface morography
of the gold layer was screened by use scan
electron microscope (FEI Nova NanoSEM 450).
and “ellipsometer spectroscopic (J.A.Woollam,
M2000)”

The SEM images information shown that the
size of the nano islands was in range of 90.9 *
25.0 nm. While the information extracted from
the ellipsometry have confirmed that the cross
section consist of a 2nm of adhesion chromium
layer, followed by a 50 nm of a gold.

Using (DH-2000-BAL, Ocean Optics) as source
of wide range of wavelength (300-800nm) to
apply light at the slant angle of glass bar, so the
light propagates through the glass core by multi
reflection.

Each up-side reflection will excite a plasmon,
as a result of that the resonance wavelength will
undergo to certain percentage of absorption.
Therefore, as the reflections continue through the
glass core, the resonant wavelength will be almost
completely absorbed. Which leads to produce
a plasmonic spectrum with a more sharpe
absorption peak.

The output light from the glass strip collecte

Fig. 1. Plasmon platform
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Fig. 2. SEM of Nanostructure of the gold layer
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by a collimation package and passes areoss a
polarizer to be analyzed spectroscopically by
(FLAME-S-UV-VIS, Ocean Optics) spectrometer, As
shown in the setup diagram Fig. 3.

The setup is shown in Fig. 3. this setting has
been able to excite the plasmon resonance in
the gold nanoparticle layer and yielded properly
plasmonic spectrum. The plasmonic spectrum
that has obtained from a single reflection was
characterized by Full width at half maximum

Absomtion Eficiency
-

o

T
30 400 00 &0 Te0 L= 830 000
Wavelength (nm)

Ssm

USBHO00+ Spectrometes

(FWHM) parameter 70nm (Fig. 4). Moreover,
assessment the system’s operation as a reflection
index sensor require ability to control the medium
adjacent to the nano gold film, This was achieved
by using a nylon cell equipped with fluid inlet and
outlet, to change the solution Fig. 3b.

The performance of the sensing is evaluated by
using the concept of figure of merit (FOM), Which
is the sensitivity divided by full-width at half-
maximum (FWHM ) of the resonance absorbation

Light source

Glass strip

Fig. 3. Experiment setup
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Fig.4. Plasmon spectrum produced by single reflaction
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peak; [29].

AX

FOM = X (FWHM) (7)

Therefore FOM has become an significant
indicator to evaluate the SPR sensing performance
This work is concerned to present an idea improves

the FORM factor for the plasmon resonance
spectrum via provide mechanism based on optical
waveguide system allowed to repeat the plasmon
excitation.

The resonance wavelength (637nm) was
applied at the glass stripe (waveguide core) to
test the effect of the of reflections repeat on the
resonance absorption, the outcome shown that
the resonance wavelength absorption doublesis
and almost completely absorbed after nearly five

Laser source

waveguide

0.8 -

0.6 -

Absorbance

0.2 -

0 |
400 500

600 700 800

Wavelenght (nm)

Fig. 6. Plasmon spectra for each number of reflections
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reflections in this setup (Fig. 5).

RESULTS AND DISCUSSION

Experimentally, the full-width at half-maximum
(FWHM ) of the absorption peak of plasmonic
spectrum was recorded for each plasmon states
distinguished by the number of reflections. The
results using this setup shown (Fig. 6) that repete
of the plasmonic excitation interaction causes
30% reducing the FWHM for each time.

The value of FWHM for each number of
reflections case are shown in the Fig. 7. the
results show the semi-exponential decrease of
the H value, as well as an increase the resonant

65 A

55 A .'-,_..

50 +

FWHM (nm)

40 -

35 ~

wavelength absorption. Therefore, this procedure
seems to have succeeded in improving the signal
consequently improve the sensing performance in
terms of accuracy.

The outcome of this work can be summarized
as repeating the reflections five times led to an
improvement in the signal by 40 percent.

To test the accuracy and estimate the refractive
index sensitivity of the setup, the refractive index
of the medium in sensing area was changed five
times by using standr Rl soluations.

To test the accuracy and estimate the refractive
index sensitivity of the setup, the refractive index
of the medium in sensing area was changed

y =1.0457x? - 13.742x + 76.374

30 T T
0 1 2

3 4 5 6

Number of reflections

Fig. 7. FWHM of the absorption peak vs number of reflection

Absorbance

05

420 260 500 540 580 620 650 700 740 780

Wavelenght (nm)

544 -

540 1

y=477.88x-106.3

536 1

Absorption peak (nm)

532 T T 1
1.338 1.344 1.35 1.356
Refractive index

Fig. 8. Refractive index sensitivity
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five times by using standr Rl soluations, with
monitering the resonance absorption peak
postion for each Rl value. The optical sensitivity
that estimated from this was approximately 477
nm/RIU Fig. 8.

CONCLUSION

The approach of a repeating the plasmon
excitation using optical waveguide configuration
has success in improving the absorption spectrum
signal in terms of FOM parameter. Utilizing
the glass strip as waveguide core was proper
configuration to establish multi plasmon excitation
system. Computationally, there was exponential
decrease in the value of the H with number of
reflaction, five timesreflaction had achieved nearly
total absorption of the resonance wavelength and
reduced the FWHM value by 30%. As the figure
of merit parameter rising nearly six times, the
resolution become more accurcy apprroximitly
five time. This approach opened up new a trend
to improve the sensing performance that based
on plasmon excitation repation, by try out and
employ an another repetition mechanisms.
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