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Abstract: We report the influence of top emission and transparent organic electroluminescence (OEL) devices on
the color tunability, viewing angle and enhancement light efficiency by surface plasmon grating coupled emission
(SPGCE), the effects of coupled active SPPs on the metal nano-grating with organic material interface by cross-
coupled into far-field space. Owing to the narrow band emission from the SPGCE, one can observe clear color
changes at a certain viewing angle with different permittivities. The experimental and theoretical results showed
that OEL-SPGCE at different pitch can match a linear shifting of momentum (AK) of about
4.8 um™ per 100 nm pitch size. The color changes from -1.1 degree (water), -.07 degree (glucose 10 %),
-2.5 degree (glucose 20 %), to 6 degree (glucose 40 %) with the increasing permittivities. The OEL-SPGCE
biosensor is proposed for the development of novel devices, which is expected to improve the capability of
electroluminescent bio-plasmonic resonance measurement devices in the future. Copyright © 2016 IFSA
Publishing, S. L.
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1. Introduction

Surface plasmon oscillation is the collective
longitudinal fluctuation of free electrons on a
metallic/dielectric boundary [1]. The resonance is a
result of energy and momentum being transformed
from incident light into surface plasmons, and is
sensitive to the refractive index of the medium in
contact with the metal film. The phenomenon of
anomalous diffraction on diffraction gratings or
roughness due to the excitation of surface plasmon
waves was initially described in the beginning of 1902
by Wood [2, 3]. A phenomenon later attributed to the
excitation of surface waves and a classical theoretical
analysis was given later by U. Fano [4]. In 1958
Thurbadar observed a large drop in reflectivity when
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illuminating thin metal films on a substrate [5], but did
not link this effect to surface plasmons. Ritchie
postulated the existence of surface plasmons in thin
metal films penetrated by electrons at that time [6].
Their existence had then been demonstrated in
electron energy-loss experiments by Powell and Swan
[7, 8]. In 1967 Teng and Stern [9] have been able to
construct a dispersion curve for the surface plasmon in
aluminum by observing dips in the spectrum of light
specular reflected from an aluminum-coated grating
by Stewart and Gallawat [10] and from peak in the
light emitted from the same grating bombarded by fast
electrons. These anomalies, which are most important
for light polarized with its electric vector
perpendicular to the grating rulings, have been studied
both experimentally and theoretically [11, 12]. In 1968
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Otto explained Turbadar’s results and demonstrated
that the drop in the reflectivity in the attenuated total
reflection (ATR) method is due to the excitation of
surface plasmons [13].

In the same year, Kretschmann and Raether
reported excitation of surface plasmons in another
configuration of the ATR method [14, 15] and
introduced different optical methods of surface
plasmon excitation by utilizing ATR in a prism. The
ATR method is very convenient and since its
contrivance the field has prospered and many
properties of surface plasmons (SPs) have been
studied [16, 17]. Recently (1998), the phenomenon of
extraordinary transmission discovered by Ebbesen et
al. [18, 19] showed that EM wave transmission
through a silver film with a periodic array of sub-
wavelength holes [20] can be significantly higher than
the conventional predictions, due to the excitation of
surface plasmons. Other research fields include
surface-enhanced Raman spectroscopy [21, 22] and
observations of single-molecule surface-enhanced
Raman scattering [23, 24], efficient dipole sources
such as molecules [25, 26] or laser diodes [27, 28],
infrared detectors [29, 30], distributed-feedback
quantum-cascade lasers in the near-infrared [31, 32]
and far-infrared [33, 34], and the enhanced
transmission of fluorescence through continuous
metal films [35, 36] also involve SPPs, mediate
excitation energy transfer between molecules on
opposite side of a metallic film [37], controlling the
optical interaction between molecules in areas as
diverse as photosynthesis [38] and solid-state polymer
lasers [39]. In those systems, the metallic grating is
exploited either for the field enhancement around the
grooves or for the ability of the grating to convert
evanescent waves into radiation. In 1980, Nylander
and Liedberg et al. [40, 41] have demonstrated that
SPR in the Kretschmann-configuration was well
suited for both gas and biomolecular sensing purposes.
In 1990, a commercial product came into the market:
Pharmacia Biosensor introduced the BIAcore
(Sweden) (BIAcore for GE Healthcare, USA) [42, 43]
biosensor based on surface plasmon resonance.
Development of smart sensor with high sensitivity was
very popular in 21% century. Over the past ten years,
SPR technology has advanced from basic refractive
index measurements to much more complex
applications such as bio-sensing applications,
reduction oxidation, and protein-protein interaction.
Their success can be attributed to their ability to detect
biomolecular interactions in real time without the need
for any labeling.

The motivation of this research is to develop an
accurate, integrated SPR sensor system chip using
existing  organic  light-emitting or  organic
electroluminescent plasmonic technology due to its
sensitivity and label-free advantage.

We will propose a novel design of SPR device
without using external light source and polarizer to
have the same features of SPR, i.e., high sensitivity
and real time. It is based on the electro-excitation of
organic and metallic materials. It can induce SPR
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wave on the metallic surface when proper resonant
condition is matched. We can then observe the signal
changes due to the presence of surface molecule or
specific absorption wavelength of multiple samples.
We call such an active plasmonic sensor an “organic
electroluminescent surface plasmon grating coupled
emission sensor, (OEL-SPGCE)” [44-46]. It is an
excellent system of active surface plasmon resonant
biochip based on novel electroluminescent sensing
method.

2. Materialsand Methods

2.1. Theory for SP Grting Coupler

The first observations of surface plasmons were
reported on gratings, dubbed Wood’s anomalies [2]. A
grating resembles a periodically corrugated surface
modulation. In this method, an incoming light wave is
incident from a dielectric medium (e;) on a metal
grating with the dielectric constant (e,), the grating
period (A) and the grating depth (h), as shows in
Fig. 1. Use an incident light with the wave-vector £; is
made incident on the grating surface. The k; diffraction
gives rise to a series of diffracted waves [47]. The
wave-vector of the diffracted light 4, is:

k =k +mG, (1)
2
G=""x, )

Where m is an integer and denotes the diffraction
order and G is the grating vector with the magnitude
[48, 49]. If the in-plane component of the wave-vector
of a give m order matches the surface plasmon
dispersion relation by excited.

Z (m=0)
F 3
Ei ‘:"G..‘ G4
PR
Dielectric (& ) ,:.‘. Ksp E

Metal (&) & hy

Substrate

Fig. 1. Excitation of surface plasmons by the diffraction of
light on a diffraction grating. A combination with a
magnitude exceeding the radius results in a solution bound
to the surface with an evanescent component in the direction
normal to the grating.
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The diffracted waves can couple with a surface
plasmon when the propagation constant of the
diffracted wave propagating along the grating surface
ky and that of the surface plasmon £, are equal:

a . w | EE
k=—sin@tmG=— |—"- =k
c c\e, +e,

or more generally

k=%sing + Ak =k, . 3)

e
where Ak, is shown in Fig. 2. The vector point (P) into
point (Q), stems from any perturbation in the smooth
surface;
Ak =0 gives no solution of the dispersion reaction.

A
’y
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{(Incoming light)

Fig. 2. The SP dispersion relation for grating coupling. SP is
surface plasmon dispersion curve. The incoming light,
wave-vector (Kx1), point (P) is transformed into a SP at point
(Q), by taking up Aki. The interaction point (P) into point
(R) via roughness leads to light scattered inside the light
cone. The process point (S) into point (T) describes the
decay of a SP cross-coupler into light via Ako.

We look at the simplest periodic plasmonic
structure, the quarter wave dielectric stack. Consider
light propagating normal to the interface planes. Light
within a structure is no longer just an optical field, it is
intimately linked with the optical response of the
structure, and the mode is a polariton rather than a
photon [25, 50]. The interaction between the optical
field and the structure is represented by the complex
dielectric permittivity and thus the complex index of
refraction. As we have just seen the standing wave
within the stack can have two configurations, one
when the standing wave has the optical field
concentrated in the high index layers, the other when
it is concentrated in the low index layers. The different
refractive indices of the two regions mean that the two

modes have different energies. Energy band gaps can
appear is equal to twice the surface plasmon modes.
Two standing wave solutions are then possible Similar
to the plasmonic band-gaps dispersion relation as
sketched in Fig. 3. Both band-gaps in energy as well
as in momentum have been reported [1, 51].
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Fig. 3. Periodc structure of the metal surface can lead to the
formation of an SP band-gap. SP modes with frequencies
between the two band, @™ and w*, and so this frequency
interval is known as a stop gap. (a) and (b) The upper
frequency solution @™ is of higher energy than - because
the field is more distorted. (c) The different energies related
to the two standing wave solutions @™ and w™ at the Brillouin
zone boundary. (d) A plot of the way in which the fields
decay away from the interface for the flat surface, and for
the two solutions of the grating surface.
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Fig. 4. The surface plasmon dispersion relation for grating
coupling. The periodic grating of the surface results in
dispersion relation in reciprocal space that is also periodic.
In order to excite surface plasmons optically, a light source
with a frequency that intersects with one of the dispersion
branches is necessary.

2.2. Theory for Active Plasmon Coupler

The OEL-SPGCE transparent device is based on
the fluorescent emission from the active organic EML
and its diffraction in a periodically modulated surface
with possible SPPs enhancement due to transparent
structure of metallic thin film. Using OEL-SPGCE
transparent device as a simplified model, the possible
interaction mechanisms are shown in Fig. 5. When a
voltage is applied between electrodes, the electrons
and holes are injected from cathode and anode,
respectively, into the organic layer and recombined
near the junction of the EML to give light which
excites the metal grating SPPs. Through radiative
emission, light was generated that had optical
characteristics mainly dependent on the energy levels
of the active organic materials in the EML. The active
organic EML serves to provide a non-oriented internal
light source to generate SPPs at the metal/dielectric
interface and de-coupled or cross-coupled through
grating structure to give detectable radiative emission
or non-radiative waveguide mode [44-46]. For OEL-
SPGCE transparent device, portion of light was
propagated from EML through organic layers,
transparent anode and the glass substrate into the air.
Since the emitted light from EML could couple with
surface plasmons under matching conditions while
propagating along the grating surface between the
organic/metal and the metal/air interfaces, only a small
portion of light from EML will be coupled out due to
total internal reflection (TIR), which limits the light
extraction efficiency. Therefore, there are four
possible wave vectors, i.e., krad (ky), knrad (%),
kspawain, and kspawalgs), that can exist between
different interfaces of lamellar grating nanostructure,
i.e. air, organic-layer, and two metal-dielectric
interfaces. The two SP modes are associated with
metal/organic and metal/air interfaces and their
corresponding wave vectors are KAspawain and
kspawalgs).-  Such cross-coupling includes surface
plasmons across the metal film and waveguide mode
across the metal film. It becomes radiative emission of
specific direction again through the cross-coupling of
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nanostructure with the emission optical properties
under different diffraction orders or emission angles
[52,53].
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Fig. 5. Cross section view of a simplified OEL-SPGCE
transparent model. The organic molecules in the EML serves
to provide a non-oriented internal light source to generate
SPPs at the organic/metal/dielectric interfaces and cross-
couple through grating structure to give detectable radiative
emission or non-radiative emission that propagates through
transparent anode and the glass substrate towards the air.

The SP grating coupled emission, ky, at certain
wavelength, A, can be resulted from the matching
momentums of the internal EML emission (6.)
through grating coupler condition (dielectric constant
of EML and pitch size of A) to the metal/air (Ksp(ag/air))
and metal/air (Ksp(ag/oreanic)) dispersion curve as shown
in the Eq. (4). The SP modes for Ag/air interface on
the grating layer can be cross-coupled into air if its
wave vector is smaller than that of the air. Eq. (5)
shows the wave-vectors parallel to the surface of the
emitted light. Eq. (4) and Eq. (5) give the matching
condition for the guided mode of the organic layer and
the de-coupling of light emission.

£
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3. Materialsand Methods

3.1. Grating Fabrication

The samples are prepared by Electron Beam
Lithography system (EBL). The EBL ELS-7500EX is
scanning electronic microscope (SEM) equipped with
a lithographic system [44, 47, 54]. The incident
electron beam was 50 kV of the acceleration voltage.
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In a first step, we used the electron-beam resist
ZEP520A (To-Nippon Zeon Co.) high resolution
positive electron beam resist, by spin coated about
100nm thick resist layer on silicon substrate, and pre
bake temperature 180 °C for 2 minutes. After exposure
of the substrate to the electron beam of the exposed
ZEP520A. The shape of the individual grating was
slightly elongated line patterns of grating structure
with 200 nm, pitch 400 nm, exposure area
1.2x1.2 mm, pixel map 60000x60000 dots, dose timer
2 psec. Next, a Cr film 5 nm and gold film 50 nm was
by e-beam evaporated deposited onto the grating, with
an evaporation rate of approximately 0.2 A/s. Then,
the remaining ZEP520A resist layer is removed by
N,N Di-methylacetamide (ZDMAC, To-Nippon Zeon
Co.) into a washing solution, Liftoff the gold films on
ZEP520A resist. The patterning process is illustrated
as shown in Fig. 6.

A Developer, ZED-IN50
D ¥ Rinse: ZMD-D

Au film "EEEEEEEFEEE]

| Siicon or 10 substrate o

B ‘ Coating (PR100nm) I —

q J e-beam evaporated
E. B. resist * ¥ Au 50nm

2777777777

‘ Pre bake temp. 180°C
C Fabrication of moulds M=
F J Remover: ZDMAC

P DDIDPPIIIIDI
Au 50nm

Fig. 6. Schematic flow diagram of the nanostructures
patterning of metallic symmetrical lamellar grating
thin films.

3.2. Active Plasmonic Device Fabrication

We prepared the nanostructure having 1-D grating
pattern by electron-beam lithography (EBL) total
exposure area of 1.2x1.2 mm? Then, the organic
material was deposited on ITO and Au grating
substrate by a thermal evaporator with a vacuum level
and an evaporation rate of approximately 2*10° Torr
and 0.2 A/s, respectively. An emission area of
1.5x1.5 cm? was defined for the devices by
sequentially depositing layers of N,N-Bis (naphthalen-
1-yl) -N,N-bis (phenyl) benzidine (NPB, 80 nm), tris-
(8-hydroxyquinoline) aluminum (Alqs, 50 nm), LiF
(1.2 nm) and finally Al (20 nm) as the cathode contact
as to give the SP-coupled emission. After the
fabrication process, the device was passivated with a
100 nm aluminum oxide (ALO;) film deposited
uniformly by atomic layer deposition (ALD) at
temperature much lower than 90 °C within 1 hour.

3. Results and Discussion

3.1. Controalling SPR Angle of Nano-grating
Structures

The patterning process is illustrated in Fig. 6. We
used an EB resist mould with 1D line patterns, which
was fabricated by EB lithography. Fig. 7. Shows the
top-view field emission SEM (ELS-7500EX,
ELIONIX CO.) images of patterned exposure gold
thin films. Their surface profiles measured with
atomic-force microscopy (AFM) as shown in Fig. 8.
The grating profiles calculated with the unified
method is shows in the figures, too. The grating
heights of the AFM profiles agree well with those of
the calculated profiles.

Fig. 7.The SEM of the fabricated grating and results
for the line-200 nm and pitch-400 nm period grating.

The size of pitch 400 nm polymer (PR) grating-
coupled SPR imaging as shown in Fig. 9. The grating-
coupled SPR imaging is well suited for kinetic
analysis of a wide range of biomolecular interactions
of interest in the field of proteomics (antibody-antigen,
protein-protein interactions, epitope mapping, etc.).
This approach significantly advances conventional
surface plasmon spectroscopy and allows in situ
measurements of general refractive index profiles in
various systems in which discrimination of spatial
distribution of studied process is of interest.

Incident wave on a grating of this pitch permits
momentum enhancement such that we may couple to
surface plasmon resonances. These are the azimuthal-
angle-dependent coupled resonance angle, where the
angle and sign refer to the diffracted order that
provides the resonant coupling to the SPP. The
azimuthal-angle-dependent coupling SPR equation
is [55]

2
kspp = njky sin? 9+(m277[) i2nam27”k0 sin @ cos ¢

(6)
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Fig. 8. The PR grating profiles (a) are 3D imaging and (b) used to check the shape, lateral size, and height
of the structure by AFM.
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Fig. 9. (a) The grating coupled SPR imager measurements at angle of incidence, and collects the reflected light with a CCD
camera. (b) Resonance angle changes on the surface are recorded as reflectance intensity.

The azimuthal angle (¢ =0), by simple geometry,
we find the scalar equivalent of equation (3.3) is

. A £,n.
nasm(e)imX:i PR (7

Theoretical calculation based on the Eq. (7) supports
this idea as shown on the right side of Fig. 10. We
calculated the SPR angle as a function of the refractive
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index of the Au/air layer. As the refractive index
decreases, the curve shifts to the left and is
accompanied by a decrease in the critical angle.
Resonance angle plots of reflectivity of a nano-
grating sensor, using a different buffer layer, a pitch
400 nm and 50 nm Au grating, are shown in Fig. 11.
For several refractive indices of analyte. Fig. 11 (a)
and (b) demonstrates the sensitivity of a sensor with
identical layers during a refractometric experiment.
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Fig. 10. Calculated SPR angle of a grating structure with pitch is 400 nm. (a) Incoming light is 530 nm, kx and Kspp
dispersion match on -1st order, resonant angle 15°. (b) Incoming light is light 640nm, kx and Kspp dispersion match on -1st
order, resonant angle 32°. (c¢) Incoming light is light 833nm, kx and Kspp dispersion no match. (d) Kspp is air and water
with kx dispersion match on -1st order.
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Fig. 11. Measured resonance angle for an grating sensor of a metal grating 50 nm gold and 100 nm gold film
as the refractive index of the analyte was varied in steps from 1 (air) to 1.3585 (alcohol 100 %).

We considers how an energy gap for surface
plasmon polaritons (SPPs) propagating on a grating
can be used to modify the emission properties of an
adjacent thin organic (Alqgs) layer [56, 57]. Our
fabricated different pitch grating device consists of
coupled organic/metal nanostructure with specific
width and symmetric and asymmetric dielectric SP
band gap structure. In particular it is found that
emission is significantly inhibited in the vicinity of the
gap, and that the modified emission spectrum is
determined by the wavelength dependence of the
density of SPP states. We present recent experimental
results and discuss potential applications of such an
active plasmonic biosensor with enhanced resonance
energy emission due to interactions on the
organic/metal nano-grating.

3.2. Controlling SPR Angle of Active
Plasmon Structures

We report using surface plasmons excited on a
metal  grating to increase the  emitted
photoluminescence  intensity ~ from  organic
semiconductor film located near the Au grating. Here,
we demonstrate that the luminescence enhancement is
due to SP excitation. Our devices consist of organic
semiconductor and metal grating. The organic
semiconductor films have been thermally evaporated
on top of the continuous Au grating as shown in
Fig. 12.
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Fig. 12. Schematic diagram showing the experiment setup.
The sample is a silicon based plasmonic device for the Si/Au
film (100 nm)/Au grating (50 nm)/Alqg3 (80 nm) structure.

Fig. 13 shows the luminescence spectra from the
fabricated device as shown in Fig. 13 with (red line)
and without (blue line) an Au grating. For the
comparison between the two spectra to be meaningful,
they have to be obtained from the same device. For the
measurements shown in Fig. 13. The device has been
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configured for maximum surface plasmon excitation
and coupled different emission angle. Remarkably,
the radiation was directed into small angular
distributions, in one case with over 90 % of the
radiation found at two angles +30°~-30° from the
normal.

This effect is not due to reflection of the emitted
photons, but rather to the interactions of the oscillation
dipole and the oscillations electron in the metal, and
their directed radiation into the space over the metal.
In the absence of a metal grating (planar metal) the
emission is essentially isotropic as shown in
Fig. 13 (b). This experiment arrangement is shown in
Fig. 13 (c¢) and (d). Remarkably, the emission
resulting from surface plasmon excitation is directed
in a narrow angular distribution. When excitation is at
the plasmon resonance angle, the emission is sharply
distributed at the plasmon angle for the emission
wavelength. It seems possible to use this effect to
selectively observe the desired signal while rejecting
background at different wavelengths or distances
from the silver surface.

b
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Fig. 13. Spectra of emission luminescence with and without Au grating as shown in (a). Planar metal emission is essentially
isotropic as shown in (b). The device has been configured for surface plasmon excitation as shown
in (c) and (d) for 3-D spectra of luminescence.
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3.2. Controlling SPR Angle of OEL-Active
Plasmon Structures

The OEL-SPGCE transparent device is based on
the fluorescent emission from the active organic EML
and its diffraction in a periodically modulated surface
with possible SPPs enhancement due to transparent
structure of metallic thin film. Using OEL-SPGCE
transparent device as a simplified model [58], the
possible interaction mechanisms are shown in
Fig. 14 (a). When a voltage is applied between
electrodes, the electrons and holes drift from the
opposite directions, respectively, and then recombine
near the junction in the emission layer (EML) to give
light into excite metal grating SPPs. The SPGCE area
of this green square is 1.2 mm? The enhancement
ratio for OEL-SPGCE device on bottom emission is
3 times Fig. 14 (a). The Fig. 14 (b) is planar OLED
device.

Fig. 14. Schematic diagram showing the experiment setup.
The sample is a silicon based plasmonic device for the Si/Au
film (100 nm)/Au grating (50 nm)/Alg3 (80 nm) structure.

The active organic EML layer can be to provide
non-oriented internal light source to generate SPPs on
the metal/dielectric interfaces and de-couple or cross-
coupled through grating structure for detectable
radiative emission or non-radiative waveguide mode.
The two SP modes are associated with metal/organic
and metal/air interfaces and their corresponding
wave-vectors are kspauwair) and kspawaigs). Such cross-
coupling includes surface plasmons across the metal
film and waveguide mode across the metal film. It
becomes radiative emission of specific direction again
through the cross-coupling of nanostructure and the
emission optical propertied under different diffraction
order or emission angle [59, 60].

Fig. 15 (a, b) shows in different glucose
concentration for the EL spectra at different viewing
angles of the sample with pitch = 500 nm. In this
measurement, spectra were taken every 0.1 degree.
The emission occurred at 0° with the wavelength of
630 nm, which was 3 times higher than that of EL peak
intensity of planar Alqs (peak at 525 nm, with full
width at half maximum of 100 nm). Besides, the
emission angle ranged from -0.7 to -6° covering the
different concentration from glucose (1.3484) to
glucose 40% (1.3968) refractive index. One can note
that the color changes from -1.1 degree (water),

-.07 degree (glucose 10 %), -2.5 degree (glucose
20 %), to 6 degree (glucose 40 %) with the increasing
permittivities. Our device emits light with different
spectra at visible range when contacting species with
different relative permittivities, as shown in Table 1.

45

waler -
—— glucose 10%" ~
glucose 20%
glucose 40% ' 90

Fig. 15 (a, b). Spectral peals at different viewing angles for
the OEL-SPGCE biosensors with different glucose
concentration.

Table 1. Range of OEL-SPCGE emission angle (6e)
and different spectra at different samples concentration.

(Pitch 500 nm) Air | water | Glucose | Glucose | Glucose
10% 20% 40%
Angle (deg.) Cal. | -30 | 11 0.7 -2.5 6
@4=5500m  ["Meas, | 28 | -2 4 3 7
Wavelength (nm) | Cal. |470.2 | 54213 | 576.28 | 604.83 | 65557
@6=0degree | a5 | 485 | 545 | 573 | 501 632

Fig. 16 (a) shows a dispersion relations (@-k).
solid line show the calculated (m=0) with different
samples concentration. Solid symbols are the
experimental data results corresponding to m=-1.
Dashed lines represent calculation results of
dispersion relation at Av/air interface. The
experimental and theoretical results showed that
OEL-SPGCE at different pitch can match a linear
shifting of momentum (AK) of about 4.8 pum per
100 nm pitch size. In, OEL-SPGCE biosensor
experimental results, the MUA is 10 mM, DNA-1 is
0.1 mM, DNA-2 is 0.5 mM, and PL+SSMCC is ]| mM
concentration. Fig. 16 (b) shows the calculation CIE
coordinates results from OEL-SPGCE parameters
given above, with the increasing value of refractive
index for different samples concentration, one can see a
right shift of the -k curves, which corresponds to an
increase in momentum space.
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Fig. 16. (a) Calculated dispersion relation with different
samples concentration, and (b) calculated CIE coordinates
shift with a fixed viewing angle with different samples
to be tested.

4. Conclusions

In summary, we demonstrated a highly directional
active plasmonic OEL-SPCGE biosensor with
different samples concentrations, which comes from
the Au/sample SP radiation. Our results showed that
strong SP coupling resonances in emission from the
interactions of Alq3/Au and Au/sample mode leads to
the enhanced directional emission, intensity and
narrow spectrum. When contacting with different
materials, OEL-SPCGE is sensitive to the dielectric
constant. Further investigations will be performed on
plasmonic with the integration of optimized active
biosensors in biochemical analysis and immunoassay
sensing. It is suitable for the application of low cost,
point-of-care, disposable and non-labeling biosensors
detection.
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