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Theoretical investigation of refractive index
detection limit in the Surface Plasmon
Resonance-triggered switch effect

Hugo Bruhier, Isabelle Verrier, Jéréme Brunet, Christelle Varenne, Frédéric Celle and Yves Jourlin

Abstract—The metrological performances of a SPR-based sensor
exploiting the plasmon-triggered switch effect are investigated in
this article. The switch effect, recently demonstrated, is a lossless
energy transfer phenomenon between the 0% and -1t diffracted
orders, through SPR excited modes, which only occurs in a deep
metallic grating while the incidence angle or the wavelength varies.
A differential measurement of diffraction efficiencies of these two
propagative diffracted orders and an optimized signal filtering,
allows to retrieve the sensing signal at a fixed wavelength or fixed
incidence angle. For a deep metallic grating illuminated under TM
polarization, such a sensor provides a high sensitivity and a limit of
detection lower than 107 RIU reaching thus the limits of the best
current plasmonic methods. The theoretical sensitivity and
measurement uncertainties are rigorously investigated considering
digital signal processing in order to provide an optimized signal
processing and thus increase the sensitivity and the current Limit
of Detection (LOD). Due to its performances and its implementation
simplicity, this new SPR based sensor is very promising for the
detection and quantification of chemical and biological species both
in liquid and gaseous environments.

Index Terms— Gratings, optical sensor, plasmons, refractive index measurement.

l. Introduction [25], [28], [29], suggesting the possibility to detect tiny
quantities of targeted species.

The work reported here is also based on the SPR approach but
involves an effect, called plasmon-triggered optical switching,
obtained through the exploitation of the two diffraction orders
-1t and 0™ of a deep metallic grating. The plasmon-triggered
optical switching was recently demonstrated experimentally
and theoretically by the research team of the present paper [30],
[31], [32] and used as a probe effect to perform refractive index
measurements in aqueous [33] (for biosensing application [34])
and gaseous [35] environments and have shown potentialities
in the measurement of magnetic field [36]. To go further and
for optimization, study of the theoretical limitations of this
effect 1s necessary and will highlight some parameters to
improve the measurements and so to emphasize the use of this
effect in sensors systems. The aim of this paper is thus to
establish the required conditions to exploit correctly this effect
by a judicious and smart choice of the measurement parameters
and an adequate processing of the signal. The expected results

TODAY, numerous methods using surface plasmons
resonance (SPR) are widely investigated for the detection
of various molecules such as gaseous [1], [2], chemical [3] or
biological compounds [4]. SPR can also be used in several
fields [5] such as electrochemistry [6] or in systems intended to
measure physical quantities like temperature [7], refractive
index [8] or detect condensation phenomena [9]. Some
techniques use localized plasmons [ 10] including nanoparticles
[11], [12] or waveguides [13], [14], [15], [16] and are able to
provide information on the nature and concentration of
identified species with high selectivity and sensitivity. The
plasmon-based biosensors can also be advantageously arranged
in such a way as to detect several species simultaneously [17],
[18]. Several works have focused on determining, comparing
[19], analyzing [20], [21], [22], [23], [24] and improving [25],
[26], [27] the sensitivities of different surface plasmons-based
bio-detection devices indeed. Limit of detection (LOD)
approaching 10® Refractive Index Unit have been achieved
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are also pointed out: the sensor sensitivity and LOD are
calculated for a simple sensor configuration consisting of a
metallic diffraction grating without buffer or functionalized
layer in order to compare performance to the state of the art and
the previous results.

The first part of this paper is devoted to the comparison of SPR
method for shallow and deep metallic gratings used as
transducers for refractive index measurements in order to
introduce the switch effect exploited in this approach. Angular
or spectral interrogation of a media with 0™ order resonance
tracking is a classical and well-known measurement for years,
applied in the case of a shallow grating. For a deep grating, the
refractive index change of the media is measured from two
diffraction orders intensities by the plasmon-triggered optical
switching effect, at the so-called “processing points”. The
sensing signal output is then the normalized difference of the
two diffraction orders intensities and the metrological
development over the sensing signal consists in the sensitivity
and the uncertainty determination versus the measured
quantities leading to the limit of detection (LOD). A low-pass
numerical moving average filter is a powerful simple method to
reduce the noise.

The second section applies the method previously described to
optimized grating parameters that maximize the sensitivity for
each grating period. Theoretical sensitivity and uncertainty
extracted from experimental noise are computed using different
filter window sizes.

Finally, the limit of detection is computed from modeled
sensitivities and calculated uncertainties with optimized signal
processing parameters leading to theoretical limit of detection
at the level of the state of the art.

Il. PLASMONIC SENSING

A. Surface plasmon resonance and plasmon-triggered
optical switching effect

The surface plasmon resonance (SPR) is based on the
excitation of a surface wave at a metal/dielectric interface [37],
[38] under TM light polarization. Considering the complex
permittivity of the metal &, = &, + jen, the refractive index

of the dielectric medium n, at the metal-dielectric interface and

the light wavenumber k, = 277[ (A is the wavelength in nm), the

real part of the propagation constant of this surface wave (noted
Bspp) can be approximated by [39]:
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which is true for two semi-infinite media with a perfectly flat
interface. It is easy to show with this equation that the plasmon
mode dispersion lies outside the light cone containing the
propagating diffracted orders and must be excited with
evanescent waves [40]. One way to excite such plasmonic
waves, the first historically one [41], consists of using metallic
diffraction gratings. The evanescent diffracted orders under TM
polarization can then excite the plasmon surface mode with a
phase matching between the plasmon mode momentum and the
non-propagative diffracted order. This correspondence between

the m®" diffracted order and the surface plasmon mode is
verified with the grating equation:

kong sin(8;) + mK; = £Bspp (2)
where 6; stands for the incidence angle on the grating and Kj; 1s
the grating vector, defined from the grating period A with K; =

27" (Figure 1).

_1st Oth

Fig. 1. Excitation of the plasmon surface modes under TM polarization
by the evanescent diffracted orders of a grating.

The 0™ order reflectivity of a shallow gold sinusoidal diffraction
grating (period A4 = 1000 nm, depth d = 36 nm) in vacuum
(ng = 1) at a wavelength A of 850 nm under TM polarization is
shown in Figure 2(a). The plasmon resonance excited by the
evanescent +1% diffraction order, under an incidence angle of
approximately 9.6°, is characterized by a minimum in the
reflection, as a dip in the reflection angular spectrum for the
resonance angle. The distributed energy of the propagative
diffraction orders of the grating at this resonance angular
position, i.e. the sum of the reflected intensities diffracted by
each order represented by a grey dotted line in Figure 2(a) (the
electromagnetic balance), tends to 0. The incident energy is thus
transferred in the propagative surface plasmonic mode. This
reflectivity calculation, as well as the electromagnetic modeling
of this work 1s carried out with the Chandezon method [42],
[43] implemented in a commercial software [44].

By increasing the depth of the metallic grating, it is possible to
achieve a new effect, the plasmon-triggered optical switching
[30]. This effect can be observed under certain conditions: a
fairly large grating depth and compliance with the following
inequality 3K; 2 2fspp [31]. The typical grating angular
response due to this effect is shown in Figure 2(b) for a deep
gold sinusoidal diffraction grating (A = 1000 nm, d = 290
nm) at a wavelength of 1 = 850 nm under TM polarization. The
angular positions of the reflected 0™ order maxima (at around
incidence angles of 11° and 42°) correspond to the excitation of
a forward (resp. backward) plasmon mode by the evanescent
diffracted order +1° (resp. -2°4). One can observe the so-called
switch effect for deep gratings with the angular spectrum of
Figure 2(b) illustrated by the energy transfer between the 0® and
the -1% diffracted orders on each side of the -1% order Littrow
angle (6, = 25°). The main and astonishing effect of such
phenomon is that it is lossless since few energy is absorbed even
though plasmonic modes are excited, as it can be seen by the
electromagnetic balance, represented with a grey dotted line in
Figure 2(b).
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Fig. 2. (a) Reflected -1t and 0™ order efficiency of a shallow sinusoidal
gold diffraction grating (A =1000 nm, d =36 nm) in vacuum,
illuminated under TM polarization at a wavelength 1 of 850 nm. (b)
Reflected -2™, -1%, 0™ and +15! orders efficiencies of a deep sinusoidal
gold diffraction grating (A= 1000 nm, d =290 nm) in vacuum,
illuminated at a wavelength 1 of 850 nm in TM polarization. The
electromagnetic balance is shown by the grey dotted line.

B. Sensing methods

Refractive index sensing with SPR was extensively studied
in the literature [45], [46], [47]. The most common method is to
measure the angular position of the 0% order resonance,
obtained in the case of a shallow grating, directly linked to the
refractive index of the probed medium through (1) and (2). The
advantage of this method is that the resonance position depends
linearly on the refractive index [48]. However, accurate
measurement of the resonance position requires measuring the
reflectivity over a certain angular or spectral range and using
specific algorithms to recover the position of the minimum.
Some algorithms [49], [50] use a wide range of reflectance
around the resonance position in order to have a better
monitoring over time.

The use of the plasmon-triggered optical switch makes it
possible, from a simple measurement and acquisition
configuration, with very high sensitivities [33], [35] and to
avoid common-mode noise thanks to the differential
measurement performed by the normalized difference of the

two reflected orders intensities. From the angular response in
Figure 2(b), two specific angular positions can be examined: the
crossing points of the two diffraction efficiency curves at
incidence angles 6, = 14° and 6,,, = 37°. These points will be
named the “processing points” in the following sections. Due to
the initial equality of the two diffraction efficiencies, the
differential measurement of the two diffracted intensities can be
carried out from one of these two processing points and
measured over time as a function of the refractive index change
of the surrounding medium. When the refractive index of the
probed medium changes, the resonance positions (at incidence
angles of 11° and 42°) are modified. On the contrary, the central
position (at approximately 6, = 25°), corresponding to the
Littrow angle of the -1%' order, remains almost unchanged. The
angular measurement position remaining fixed at one of the
processing points, the modification of the refractive index
consequently induces a variation of the two diffracted orders
reflectance in an opposite direction. Measuring the differential
intensity of these two orders makes possible to follow the
refractive index changes. The main advantages of this method
are the simplicity of the measurement (monochromatic light
source and two photodiodes for the diffraction orders intensities
measurement) and the possibility to suppress the time variations
of the source light intensity using the differential measurement.
The simple difference §(t) of the diffracted intensities in the 0
order (I, (t)) and -1*" order (I_; (t)) is unable to suppress
totally the variations of intensity of the light source (equation
(3))-

5(6) = Io(8) = Iy () 3)
A better dimensionless quantity, called the “normalized
difference” D(t), inherently suppress the common mode noise
and 1s defined as:
Io(®) = 1y () -
AGEIMO
This quantity was determined experimentally and showed great
sensing performances [35]. In this paper the normalized
difference D(t) will be defined from the measured diffracted
intensities for sensitivity analysis or from the diffracted

D(t) =

efficiencies for uncertainty analysis, the two formulations being
equivalent.

[ll. METROLOGICAL ANALYSIS AND FILTERING

A. Metrology of the normalized difference and limit of
detection

The determination of the limit of detection relative to a
sensor requires the knowledge of both the sensitivity of the
signal to be measured and its uncertainty. These quantities are
obtained as explained into the following paragraphs.
According to our measurement protocol, the sensitivity, unlike
other works [25], [26], [51], will not be defined from a variation
of the propagation constant of the plasmon mode. Indeed, the
approximation of equation (1) for the propagation constant
becomes less accurate when the depth of the grating increases
[52] and cannot be used in the case of deep gratings, required
for the plasmon-triggered optical switch. The sensitivity § will
then be defined in equation (5) simply as:
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aD .
~ P (5)
taking the normative definition, i.e. the variation of the
measured quantity (the normalized difference (6D)) divided by
the variation of the measurand (the refractive index of the
incident medium (6ny)).
The uncertainty of an indirect measurement can be evaluated
from the uncertainties (the standard deviation) of each
measured variables and from their covariances [49], [50]. This
method assumes that the obtained signal is linear in the vicinity
of the studied point (processing point). The uncertainty g; of
the normalized difference can be then expressed (from equation
(4)) from the uncertainties and the covariance of the measured
diffraction intensities and is given by:

2 \/1310,20 + 207 = 20l_y0,,

o= (Ip + 1_1)? ©)

This equation shows that the covariance between the two
measured signals (g;,;_, ) allows to reduce the uncertainty of the
normalized difference. The final quantity to define in order to
study the sensing properties of the plasmon-triggered optical
switch is the limit of detection (LOD). Several possibilities
exist. Considering that the resulting noise on the normalized
difference has a Gaussian distribution, taking three times the
uncertainty encompasses 99% of the noise, the LOD will be
taken in this paper as (eq. (7)):

Lop = 3% @)
==

B. Signal filtering

According to equation (7), a way to improve the LOD is the
reduction of the normalized difference uncertainty (given in
equation (6)) as well as increasing the sensitivity. Concerning
the normalized difference uncertainty, the simplest method
remains the filtering of the measured signals intensities in order
to decrease their noise. The filter used in this work is a
numerical low-pass filter: the moving average. The filtering
window is centred (non-causal filter) with a window width of
2M + 1 points. In order to study the frequency response, we
have to compute the Z transform [53] of the filter transfer
function H expressed as:

1 M
HO) = 37— <1 + 2; Cos(Zln’v)) (8)

with v the normalized frequency defined for the sampling

frequency f; as v = % The cut-off normalized frequency v,

can be computed versus the number of points of the filtering
window as shown in Figure 3. The sampling frequency and the
filtering window size is a couple of parameters that has to be
chosen carefully. For example, a sampling frequency of 500 Hz,
a 51 points moving average will result in a cut-off frequency of
approximately 3.5 Hz. This cut-off frequency can be considered
too low compared to the signal frequency of interest. The
moving average filter is implemented with the uniform_filterld
function of the ndimage module of the SciPy python library
[54] using reflect mode for boundary conditions. In this study,
to avoid possible long-time variations of the measured signals

a high-pass filtering is also implemented. The filter is the

simplest one presented in [55] and its parameters wisely chosen

in order to suppress the 50 Hz line frequency electrical noise .
10 T T T T

10-2 -

102}

Normalized cut-off frequency v,

104

200 400 600 800
Number of points 2M + 1

Fig. 3. Normalized cut-off frequency (at -3 dB) of the moving average
filter (equation (8)) versus the total number of points used to compute
the moving average.

1000

IV. RESULTS AND DISCUSSION

A. Computed sensitivity

The numerical analysis focuses on the study of a gold grating
with a perfect sinusoidal profile put in vacuum at a wavelength
A =850 nm under TM polarization. At this wavelength the
permittivity of gold is equal to &, = —32.015 + 1.2565 j [56].
The analysis is performed over a wide range of periods for that
wavelength. In order to compare each structure, it appears
necessary to find an optimized depth of the grating structure for
each period. This optimized depth allows to set the maxima of
the 0™ order at the two resonances angle positions (at incidence
angles of 11° and 42° in Figure 2(b)) and a minimum for this
same reflected order at the -1° order Littrow angle (at 25° in
Figure 2(b)), which position depends on the period of the
grating. The optimized depth calculated for each period is
reported in Figure 4(a). The period range is limited by the fact
that the angular response becomes too wide (resp. narrow) for
low (resp. high) period values. Over all the considered period
range, the ratio between the period of the grating and the
optimized depth remains between 3.05 and 3.65, which are
amply achievable values for fabrication processes such as Laser
Interference Lithography for the grating printing. Using the
values of each period/depth couple it is possible to calculate the
angular response and therefore the angular positions of the
Littrow angle as well as the two processing points
corresponding to the angular positions 6, and 8, illustrated in
Figure 2(b). These calculated positions are reported in Figure
4(b).
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wavelength 2 of 850 nm. (b) -1¢! Littrow angle and processing points
positions for the different periods associated to depths presented in

Figure 3(a).
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In order to have a better analysis of the angular responses of the
structures, the 0™ and -1%' orders diffraction efficiencies are
plotted in Figure 5(a) and Figure 5(b) respectively, with the
angular positions extracted from the Figure 4(b). For each
period, the shape of the angular response of the plasmon-
triggered switching effect is met (as the angular response of the

Figure 2(b)).

Period A [nm]
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Fig. 5. Angular modelled reflectance in vacuum of the (a) Oth and (b) -
1st diffracted orders for a gold sinusoidal grating versus the period
associated to the depths found in Figure 4(a) under TM polarization at
A = 850 nm with the angular positions of Figure 4(b).

Period A [nm]

The study of the plasmon-triggered switching effect sensitivity
requires to compute the diffraction efficiencies (i.e. the
diffracted intensities) of the two reflected orders at the two
processing points and to characterize the normalized difference
(defined in equation (4)) variation as a function of the incident
medium refractive index change. This incident medium is
considered at the beginning as vacuum (n; = 1) and its
refractive index increases by a quantity An, to evaluate the
sensitivity. At first, the normalized difference is calculated for
each period (Figure 4(b)) from the computed diffraction
efficiencies at the two processing points considering vacuum as
the incident medium. Then for a change of refractive index Ang,
the 0 and-1°! orders angular spectra (diffraction efficiencies)
are modified and the normalized difference is computed for
each refractive index value. This calculation is carried out for
each period on 5 points between An,; = 0 and Ang = 1073
RIU. Finally, the sensitivity is computed for each period from
equation (5) using each computed normalized difference versus
the corresponding refractive index and is plotted in Figure 6 for
the first processing point (FPP) and the second processing point
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(SPP). The sensitivity value is then comprised between 16 and
25 RIU, despite the different angular extent of the optical
responses (see Figure 5(a) and Figure 5(b)).

= FPP
24 [ =—— SPP
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21F
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19¢

Sensitivity S [RIU!]
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9(I)0 950 10l00 10150 11I00

Period A [nm]
Fig. 6. (a) Sensitivity of the plasmon-triggered optical switch at the two
processing points (first processing point — FPP, second processing point
SPP) versus the gold grating period, under TM polarization at 1 = 850
nm for the optimized structures with corresponding depths given in
Figure 4(a).
A second characteristic of these curves is that the sensitivity is
independent of the choice of the processing point and does not
depend linearly on the period. It can be counter-intuitive that
the sensitivity seems nearly independent from the period of the
grating structure [57], [58] and of the plasmonic mode
excitation order [59], which is different for the two processing
points. This can be explained by the fact that the sensitivity in
this configuration is a function of the modification of the
angular resonance position and also on the slopes of the
diffraction efficiency curves at the processing point positions.
At the second processing point, for each period the change of
angular position is greater than the one corresponding to the
first processing point as it is shown in Figure 7(a), that would
be explained by the fact that the first (resp. the second)
processing point corresponds to an excitation of the plasmon
through the +1°t (resp. -2") diffraction order. Nevertheless, the
slope of the diffraction efficiency curves from the second
processing point is lower than that determined at the first
processing point (see Figure 7(b)). The same explanation can
justify the low modification of the sensitivity by modifying the
period of the structure.

(a) K ' ‘ ' — FPP
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< 10001
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| e —1% order - FPP
0.25 = = 0'" order - SPP
= —1% order - SPP
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1600 10|50 11l00
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Period A [nm]

Fig. 7. (a) Modification of the angular position of the two processing
points (first processing point — FPP, second processing point SPP)
depending of the period of the considered grating structure with an
increase of the refractive index of An,; = 1073. (b) Absolute value of the
slopes of the two diffractive orders at the two processing points.
Moreover, the detection range of this plasmon-triggered optical
switch measurement set-up is also studied at the wavelength of
850 nm. With this objective, the refractive index variation 4n,
is increased from 10~° RIU to 1 with 4 points by decades, the
sensitivity analysis is performed and the regression coefficient
R? is calculated until it becomes non-linear. The limit value for
this non linearity is arbitrarily taken at 0.998 and leads to a
detection range up to approximatively 4 X 1072 RIU regardless
of the diffracted structure period. This confirms the initial
choice of Any; = 1072 RIU as the maximum refractive index
variation for sensitivity computation.

B. Noise analysis and limit of detection computation

The previous sensitivity analysis provided in the previous
section is not sufficient in itself to compute the limit of
detection (see equation (7)) and the uncertainty associated with
the normalized difference measurement has also to be
determined.

In order to assess the electronic intrinsic noise, the
measurements are realized without any laser source in a dark
room. The measured voltages, corresponding to the diffraction
intensities of the two reflected orders (0™ and -1%) in equation
(4), come from photodiodes (ref. BPW 34 FA) associated with
a current-to-voltage converter (ref. NI 9215), a transimpedance
circuit, using JFET entry operational amplifier (ref.
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AD711JN/TLO71) as a current to voltage converter. The
analog/digital converter (ADC) allows simultaneous
measurements with a 16 bits resolution converter associated to
an input range from -10V to +10V. In order to study statistically
the signals, the voltage values are measured at 4.6 kHz
sampling frequency during 200 s (i.e. around 920 ksamples).
The value of the sampling frequency was determined according
to the number of points for the low-pass filter while keeping a
reasonable processing time. After the measurement, the signals
are filtered with the low-cut filter of 90 Hz cut-off frequency,
presented in subsection 3.2. The signals measured by the two
photodiodes are shown in Figure 8(a). A computation of the two
photodiodes signal variance gives values equal to 1.71 X 107°
V2 and 1.29 X 107® V2 respectively, cormresponding to a
standard deviation of nearly to 1 mV. Covariance between these
two signals of 1.40 X 107% V2> was quantified. This relatively
high covariance value (compared to the signals variance) is
highlighted by the bivariate plot of Figure 8(b).
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Fig. 8. (a) Measured signals by the two photodiodes at a 4.6 kHz
sampling frequency without laser source nor light in the room. (b)
Bivariate plot of the two photodiodes signals.

These two signals are then filtered with the moving average
filter with the transfer function given in equation (8) with
different windows in order to study the effect of the window
width. The standard deviation and the covariance of the two
filtered signals are plotted in Figure 9(a) and Figure 9(b) for a

maximum window filter size of 2000 points.
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Fig. 9. Variations of the (a) standard deviation for the two photodiode

signals and (b) covariance between these signals versus the number
of points of the moving average filter.

To compute the uncertainty op associated to the normalized
difference D using the equation (6), the diffracted intensities are
deduced from voltage signals given by photodiodes. From the
equation, it is manifest that the higher the value is, the smaller
the normalized difference uncertainty is. The ADC used in this
work is limited to a maximum voltage of 10 V as a common
specification of most of commercial ADC. The normalized
difference uncertainty is thus computed for different window
sizes using 10 V for each signal (Figure 10). The curve shape is
the same as the ones of the standard deviation and covariance
curves of Figure 9(a) and Figure 9(b).
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9(a) and Figure 9(b) for the uncertainty value of the electrical signals (7) with modelled sensitivities presented in Figure 6 and normalized

and a voltage value of 10 V.

The detection limit defined by equation (7) can be now
computed from each uncertainty value and from each
sensitivity value given in Figure 6. The sensitivity, which is a
parameter depending on the diffraction efficiency (that is the
grating response), is dependent of the grating period and the
uncertainty of the sensing signal is linked to the measurement
set-up as well as to the signal processing (filtering window
width). These two dependencies and values from Figure 6 and
Figure 10 will define the limit of detection. Since the sensitivity
is the same for the two processing points, the LOD is plotted in
Figure 11 for the second processing point, which was the one
used in experimental studies [33], [35]. These LOD values
show very good results, lower than 107 RIU for filter window
width lower than 100 points, which corresponds to the value of
the state of the art for most current plasmonic sensors.

difference uncertainties in Figure 10 versus the period and the points
number of the low-pass filter at the second processing point for a gold
grating at 1 =850 nm wavelength with optimized depths found in
Figure 4(a) and with a 10 V voltage measurement for the diffraction
intensities. Contour lines correspond to values [-7, -7.4, -7.6, -7.8, -8, -
8.1,-8.2].

The detection limits of classical SPR sensors were already
studied theoretically and a work from Piliarik and Homola [26]
computed the ultimate resolution of classical SPR sensors (bare
metallic layer onto a prism or bare metallic shallow diffraction
grating). The cited work gives a theoretical detection limit of
value 9 x 1078 RIU at the wavelength of 850 nm, and the cited
studies never overcome this limit whatever the detection
method. As the limit was computed in this case for a temporal
average over 100 points and considering 400 points for the
reflectivity (angular/spectral response), we compared our
results to this reference for a filtering window of 99 points and
199 points (temporal average) in Figure 12. We show here that
our method, with a simple sensing configuration and low-cost
components (photodiodes, transimpedance circuits and ADC),
reaches better performance than the detection limit of classical
SPR sensors, even when a complex sensing method is used.
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points for the moving average filter in function of the period compared
to the detection limit given in [26] for 100 points of temporal average at
wavelength 850 nm.

900

V. CONCLUSION

The theoretical performances of a refractive index sensor
based on the plasmon-triggered switching effect are investigated
here by optimizing both the grating and signal processing
parameters. Its principle is based on the differential measurement
of the two 0™ and -1*! orders diffracted by a deep metallic grating.
For 850 nm wavelength, its sensitivity varies between 16 and 24
RUT! depending on the diffraction grating period over an index
range of 4 102 The corresponding limit of detection (LOD) is
less than 107 RIU after digital filtering (less than 100 points for
the filtering window). Thus, the device shows its ability to
compete with the best plasmonic sensors while remaining
extremely simple to implement: a laser diode and two
photodiodes with suitable signal processing. This new generation
of SPR based sensors can be used for different applications in
liquid or gaseous media and it opens up new possibilities for the
detection of biological or chemical species.
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