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Abstract
We present a self-referenced plasmonic sensor with a high surface sensitivity based on Au nanoislands synthesized by thermal 
dewetting on a planar SiO2/metal bilayer deposited on a Si chip. The optical device displays two spectral features in reflection: 
a Fabry-Pérot resonance due to the SiO2/metal bilayer and a localized surface plasmon resonance (LSPR) associated with 
the Au nanoislands, serving as a reference and sensing signal, respectively. Surface sensitivity was investigated through the 
study of bovine serum albumin protein adsorption. The device exhibited a surface sensitivity of 0.2 nm/(ng/cm2), an order 
of magnitude greater than other plasmonic devices based on Au nanoislands. The device response was theoretically modeled 
using rigorous coupled-wave analysis (RCWA) simulations, which showed strong agreement with the experimental results 
and provided design guidelines for further sensitivity improvement. The combination of high surface sensitivity, chip-based 
architecture, cost-effectiveness, and a straightforward Au nanostructure synthesis procedure positions this device as a prom-
ising self-referenced plasmonic sensor for biosensing applications.

Keywords  Optical biosensor · Surface sensing · Localized surface plasmon resonance · Metal nanoparticle · Protein 
adsorption

Introduction

Metal nanoparticles, particularly noble metals like gold and 
silver, exhibit collective oscillation of conductive electrons 
when stimulated by visible light, a phenomenon known as 
localized surface plasmon resonance (LSPR). The LSPR 
condition is influenced by the local dielectric environment; 
thus, when biomolecules (e.g., proteins, DNA, or antigens) 
bind to the nanoparticle surface, they induce a change in 
the local refractive index, leading to a shift in the LSPR 

wavelength. This spectral shift can be easily monitored using 
conventional readout instrumentation, offering a direct, 
label-free method for detecting biomolecular interactions. 
This principle has guided the development of numerous 
plasmonic biosensors that utilize metal nanostructures and 
have been demonstrated in various forms [1]. These include 
both colloidal solutions of metal nanoparticles [2–5] and 
chip-based designs, where nanostructures or nanoparticles 
are attached to a planar substrate [6–17].

The fabrication of LSPR-based sensors onto a chip 
offers distinct advantages, including the capacity for mul-
tiplexed analysis and seamless integration with electronic 
and microfluidic systems. Chip-based LSPR sensors can be 
fabricated using both lithography-based and lithography-
free approaches. Lithography-based techniques, such as 
electron beam lithography [6] and nanoimprint lithography 
[7], enable precise control over the positioning and dimen-
sions of nanostructures according to predefined patterns. 
However, these methods typically require numerous pro-
cessing steps and sophisticated, high-cost equipment. Con-
versely, lithography-free nanofabrication processes, such 
as colloidal nanoparticle deposition [8–11] and dewetting 
[12–19], often yield a low-ordered or random distribution of 
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nanoparticles, exhibiting significant size dispersion. How-
ever, these processes are more straightforward and cost-
effective. In particular, thermal dewetting by annealing of 
thin metal films is considered to be among the simplest and 
most economical methods for producing metal nanostruc-
tures on solid substrates. The dewetting or agglomeration 
of a thin metal layer occurs during the annealing process 
at a temperature below the metal’s melting point, while the 
film remains in a solid state, resulting in the formation of 
metal nanostructures, commonly known as nanoislands 
(NIs) [12]. Dewetting of NIs from thin metal films can be 
achieved at the wafer level in a massively parallel man-
ner, exhibiting substrate-dependent plasmonic phenomena 
across a broad spectral range, from the ultraviolet to the 
infrared [17].

Recently, we demonstrated a self-reference plasmonic 
refractometric sensor based on Au NIs synthesized by ther-
mal dewetting on a planar SiO2/metal/Si chip [20]. The 
device’s reflectance was attributed to the result of combining 
two resonance phenomena: a Fabry-Pérot resonance associ-
ated with the SiO2/metal nanocavity and an LSPR related 
to the Au NIs. The Fabry-Pérot resonance demonstrated 
minimal sensitivity to bulk refractive index variations, thus 
serving as a reference signal, whereas the LSPR exhibited 
a notable sensitivity to such variations, thereby functioning 
as the sensing signal. The device achieved a bulk refractive 
index sensitivity of 212 nm/refractive index unit (RIU), sur-
passing that of analogous configurations based on Au nano-
particles deposited on planar substrates, while additionally 
providing self-referencing capabilities. To the best of our 

Fig. 1   Scanning electron 
microscope image of the top 
view of the fabricated device. 
Inset shows a histogram of the 
particle size distribution

Fig. 2   Schematic diagram of the 
spectral reflectance characteri-
zation setup
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knowledge, this was the first demonstration of a self-refer-
encing feature in a refractive index sensor based on metal 
NIs. In comparison to other self-referenced refractive index 
plasmonic sensors [21–26] that also rely on the generation 
of independent multiple resonances with different sensitivi-
ties to the refractive index of the analyte, our sensor offers 
a simple design that can be easily fabricated for generating 
the reference signal.

The objective of this work is to further investigate the 
sensing performance of the configuration described in [20]. 
The study encompasses both experimental and theoretical 
assessments of bovine serum albumin (BSA) protein adsorp-
tion, with the aim of determining the configuration’s surface 
sensitivity. Surface sensitivity is a key parameter for affinity-
based biosensors, and BSA serves as an ideal standard test 
molecule to determine the surface sensitivity and detection 
limits of nanoparticle-based sensors. BSA is a well-char-
acterized protein with a known molecular weight (~ 66.5 
kDa), stable tertiary structure, and consistent adsorption 
behavior. BSA adsorption experiments are simple, repro-
ducible, and cost-effective and provide direct insights into 
nanoparticle surface interactions, especially for biosensing 
applications. Consequently, the analysis of metal nanoparti-
cle responses to BSA adsorption offers valuable insights into 
their potential for detecting other biomolecules, including 
disease markers, toxins, and pathogens in diagnostic applica-
tions. The theoretical analysis was conducted using rigorous 
coupled wave analysis (RCWA) calculations and aimed to 
evaluate the effectiveness of a simplified device model in 
analyzing the sensor response.

Experimental

Au nanoislands were synthesized on a SiO2/Ti/Mo multi-
layer structure through thermal annealing. First, the multi-
layer was formed on a Si substrate by sequentially depositing 

Fig. 3   Schematic diagram of the unit cell of the simulated device. 
The device is modeled as a square array of period p, composed of 
spherical caps of Au (nanoislands) with a diameter of d 

Fig. 4   Measured spectral reflec-
tance of the fabricated device 
after BSA incubations at various 
concentrations. The curves are 
normalized to the corresponding 
reflectance value at λMIN
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a 10-nm-thick Ti layer, a 150-nm-thick Mo layer, a 10-nm-
thick Ti layer, and a 100-nm-thick SiO2 layer. The deposition 
of these layers was carried out using a DC-pulsed reactive 
sputtering system, with power settings adjusted to 150 W 
for Ti, 400 W for Mo, and 1200 W for SiO2, respectively. 
The sputtering parameters included an oxygen pressure of 
5.4 mBar for Ti, 0.7 mBar for Mo, and 3.3 mBar for SiO2. 
Subsequently, a 5-nm-thick Au film was deposited onto 
the SiO2 layer by sputtering. Finally, thermal annealing 
was performed in a quartz oven at 545 °C for 1 h in an air 
atmosphere. Figure 1 shows a top-view scanning electron 
microscope (SEM) image of the resulting Au NIs and their 
size distribution (inset). By using ImageJ software, the mean 
size of the Au NIs was determined to be approximately 60 
nm (inset) with a surface density of approximately 95 nano-
particles/µm2. Information regarding the reproducibility of 
the fabrication method can be found in the Supplementary 
Information (SI.1).

The sample chip was optically characterized in reflec-
tion mode, as schematically shown in Fig. 2. A tungsten-
halogen lamp (Thorlabs SLS201L) was coupled to one end 
of a bifurcated fiber reflection probe (Ocean Optics R200-7-
VIS–NIR), which perpendicularly illuminated the surface of 
the sample containing the Au NIs. The light reflected from 
the device was collected by the fiber reflection probe, whose 
second end was connected to a spectrometer (CC200 Thor-
labs) to measure the spectral distribution of the reflected 
light. Spectral reflectance was calculated by dividing the 
measured spectral distribution of the reflected light from the 
sample by that from an aluminum mirror.

A series of protein adsorption measurements were con-
ducted to assess the surface sensitivity of the fabricated 
device. First, the device chip was cleaned with ethanol 
(≥ 99.5% purity) for 2 min and dried under a nitrogen flow. 
Then, the chip was exposed to a series of incubations with 
aqueous solutions of BSA (≥ 96%, Sigma Aldrich), at con-
centrations ranging from 0.1 to 10,000 μg/mL in tenfold 
increments. These incubations were performed by deposit-
ing 50 µL of BSA solution onto the device surface for 1 
h at room temperature in a humidified chamber to prevent 
evaporation. After the incubation period, the device chip was 
rinsed twice with distilled water and dried with nitrogen, 
and then its spectral reflectance was measured. To evalu-
ate reproducibility, the optical response of the device was 
measured following the removal and repositioning of the 
chip onto the stage three times.

Simulations

The structure under consideration was modeled as a square 
array of period p composed of solid spherical caps of Au 
with a diameter of d, positioned on a SiO2 layer of thickness 
tSiO = 100 nm. Figure 3 presents a schematic representation 
of the array unit cell. The SiO2 layer, in turn, is located on a 
10-nm-thick Ti layer, which is deposited on a semi-infinite 
Mo substrate. The diametral plane of the Au spherical caps is 
separated from the SiO2 layer by a distance h. A biolayer with 
a refractive index of 1.4 and a thickness of tbio is assumed to 
be conformably adsorbed onto the device surface. The entire 
structure is surrounded by air. The frequency-dependent 
dielectric constants of Au, SiO2, Ti, and Mo were modeled 
by the well-known Drude-Lorentz equation, with the fitted 
parameters reported in the literature [27–29]. The optical 
reflectance versus wavelength was calculated by using the 3D 
rigorous coupled-wave analysis (RCWA) method (from Rsoft 

Fig. 5   Calibration graphs of the fabricated device. a λMAX and b 
RMAX as a function of BSA concentration. Insets show semi-logarith-
mic representation of the measured data. Dashed red lines represent 
Langmuir fittings of the data points. Error bars represent ± standard 
deviation, derived from three reproducibility measurements

◂

Table 1   Comparison of the gold nanoisland platform studied in this work with other plasmonic nanostructures for surface sensing based on cost-
effective fabrication methods reported in the literature. In all cases, BSA adsorption is used to experimentally evaluate surface sensitivity

(1) Assuming a BSA surface mass density of 110 ng/cm2 [44]

Type of substrate Nanostructure synthesis BSA concentration 
(mg/mL)

Peak shift (nm) Surface sensitivity (nm 
cm2 ng−1)(1)

Ref

Au nanohole Colloidal lithography 10 7 0.06 [38]
Au nanohole Interference lithography 1 1.6 0.01 [39]
Au nanodisk Colloidal lithography 6.64 0.7 0.006 [40]
Au nanoribbon Soft lithography 6.64 1 0.009 [41]
Au-coated nanograting Nanoimprint lithography 33 3.5 0.03 [42]
Au nanoparticle Turkevich method 3.3 7.4 0.07 [43]
Au nanoisland Thermal dewetting 6.64 8.9 0.08 [35]
Au nanoisland Thermal dewetting 1 22 0.2 This work
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Components Design Suite), which is a powerful numerical 
technique used to solve Maxwell’s equations for electromag-
netic wave interaction with periodic structures.

Results and discussion

Figure 4 illustrates the measured spectral responses of the 
fabricated sensor for the considered BSA concentrations 
within the spectral range of 500–800 nm. All curves exhibit 
a dip at a wavelength of approximately 550 nm and a broad 
peak at longer wavelengths. The curves in Fig. 4 are nor-
malized with respect to the corresponding reflectance value 
of the dip. As discussed in [20], the spectral dip is attrib-
uted to a Fabry–Pérot resonance associated with the SiO2/
metal planar nanocavity, while the peak is attributed to 
a LSPR related to the Au NIs. It is seen that the spectral 
position of the dip remains largely unaltered by the BSA 

incubation experiments, making it a stable reference signal. 
In contrast, the spectral peak undergoes a clear redshift as 
the BSA concentration increases, rendering it suitable as 
a surface sensing signal. This behavior of both resonance 
features is consistent with the results reported in [20] for a 
bulk refractive index sensitivity study.

Figure 5a and b shows the spectral position (λMAX) and 
normalized reflectance (RMAX) of the maximum of the LSPR 
band, respectively, as a function of the BSA concentration. 
To determine the values of λMAX and RMAX, the measured 
curves were fitted to a 3-order polynomial function, as 
described in the Supplementary Information (SI.2). The data 
points in Fig. 5 were fitted to a Langmuir isotherm function 
of the form:

where ym and yb are the maximum and minimum values of 
the sensor response, c is the BSA concentration and K is 
the Langmuir equilibrium constant. The adjusted correla-
tion coefficient (Adj. R2) values for the fittings were 0.9920 
and 0.9913 for λMAX and RMAX, respectively. The K values 
obtained from the fittings were 64 mL/mg and 78 mL/mg 
for λMAX and RMAX, respectively. The similarity of these 
K values indicates that both λMAX and RMAX monitoring 
can be used to determine this relevant parameter, which is 
a measure of the affinity between the adsorbate and the sur-
face. For the sake of comparison, the equilibrium constant 
for BSA adsorption on colloidal nanopore silica particles 
was reported to range from 2.6 mL/mg to 9.4 mL/mg [30], 
whereas the equilibrium constant for BSA adsorption on col-
loidal gold particles was determined to be in the range from 
7.7 mL/mg (0.51 × 106 L/mol) to 25 mL/mg (1.65 × 106 L/
mol) [31]. These K values are lower than those obtained in 
this work, which can be attributed to the enhanced molecular 
spreading and increased interaction sites afforded by a flat 
surface, thereby elevating the adsorption affinity. Moreover, 
the immediate availability of adsorption sites on a planar 

(1)y(c) = yb +

(

ym − yb
)

Kc

1 + Kc
Fig. 6   Calculated response curves of the modeled device for p = 100 
nm, d = 60 nm, and h = 10 nm. Black line corresponds to the baseline 
(tbio = 0 nm). Red and blue lines correspond to a biolayer thickness of 
2 nm on the Au NIs and the SiO2 surface and only on the SiO2 sur-
face, respectively

Fig. 7   Calculated x-component 
of the electric field (Ex) distri-
bution at a λMIN = 541 nm and b 
λMAX = 651 nm of the modeled 
Au NI/SiO2/Ti/Mo configura-
tion in the XZ plane (Y = 0). d = 
60 nm, p = 100 nm, h = 10 nm, 
and tbio = 0
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surface is advantageous. In contrast, aggregation or pro-
tein–protein interactions in colloidal nanoparticles can hin-
der accessibility to adsorption sites, which may account for 
the observed differences.

It should be noted that the previous Langmuir fitting 
assumed the formation of a monolayer of BSA molecules 
on the sensor surface. As illustrated in Fig. 5, both λMAX 
and RMAX attain saturation, suggesting complete surface 
coverage by protein molecules, at approximately 1 mg/mL 
of BSA. This finding aligns with the observations reported 
by other researchers regarding BSA protein adsorption on 
various surfaces [32–34], which indicate that a monolayer 
of BSA forms during incubations at low concentrations (≤ 1 
mg/mL) while multilayers may develop at higher BSA con-
centrations. Therefore, the assumption of monolayer forma-
tion for the Langmuir fitting is well supported.

The limit of detection (LOD) is typically defined as 
LOD = 3σb/S, where σb is the standard deviation of the base-
line (c = 0) and S is the sensitivity. In the present study, the 
standard deviation values of the baseline were measured to 
be 1.1 nm and 0.00369 for λMAX and RMAX, respectively. 
The sensitivity can be estimated by calculating the slope of 
the Langmuir fit functions at c = 0, resulting in 0.86 nm/(µg/
mL) and 0.0059 /(µg/mL) for λMAX and RMAX, respectively. 
Consequently, the LOD values corresponding to λMAX and 
RMAX monitoring are 4 µg/mL and 2 µg/mL, respectively.

In order to compare the surface-sensing performance of 
the presented sensor with other plasmonic sensors, the use of 
the sensitivity in terms of volumetric density of solute might 
not be adequate, as these parameters may vary depending 
on variables such as incubation time, solvent type, and sol-
ute type. Instead, the use of the surface sensitivity for the 
same adsorbate (BSA), defined as SΓ = (ΔλMAX)S/Γ, where 

(ΔλMAX)S is λMAX variation at signal saturation and Γ is the 
surface mass density of a monolayer of BSA, offers a suit-
able metric for comparison. Table 1 compiles data on plas-
monic nanostructure-based surface sensors fabricated using 
cost-effective methods. As shown, the device described in 
this study exhibits the highest surface sensitivity (LSPR 
wavelength shift interrogation). Specifically, the surface 
sensitivity of our device is one order of magnitude greater 
than that reported for another comparable plasmonic sensor 
chip based on Au NIs [35]. This enhancement can be attrib-
uted to the fact that our device operates in reflection mode, 
whereas the device reported in [35] works in transmission 
mode. In reflection mode, light passes through the nanoplas-
monic sensing layer twice before reaching the spectrometer, 
resulting in higher light-matter interaction and higher detec-
tion sensitivity [36, 37].

Figure 6 shows the RCWA-calculated reflectance curves 
of the modeled device for d = 60 nm, p = 100 nm, h = 10 nm, 
and tbio = 0 (black line) and tbio = 2 nm (red line). Note that 
the simulated curves exhibit comparable spectral character-
istics to the experimental device. The values of d and p were 
determined from the mean NI diameter and density (= 1/p2), 
respectively, obtained from the SEM characterization of the 
actual sample. The value of h is related to the contact angle of 
the NI with respect to the substrate and can largely determine 
the LSPR wavelength [17]. In the present study, the h value 
was adjusted such that the λMIN and λMAX values of the simu-
lated curve coincide approximately with those of the experi-
mental curve (see SI.3 of the Supplementary Information for 
details). Figure 7a and b depicts the calculated x-component 
of the electric field (Ex) distributions for the Au NI/SiO2/Ti/
Mo configuration (tbio = 0) at λMIN = 541 nm and λMAX = 651 
nm, respectively. As illustrated in Fig. 7a, the field intensity 
profile at λMIN = 541 nm experiences a monotonic decay 
within the SiO2 layer, a phenomenon that is characteristic of 
an anti-symmetric Fabry–Pérot resonance [45]. The absence 
of nodes indicates that only the lowest order Fabry–Pérot 
mode is involved. Figure 7b shows that the Ex intensity at 

Fig. 8   Computed response curves of the modeled device for d = 60 
nm, h = 10 nm, tbio = 0 m, and different values of p 

Table 2   Calculated ΔλMAX and ΔRMAX for a biolayer of thickness 
tbio = 2 nm adsorbed on the whole device surface, d = 60 nm, h = 10 
nm, and various values of p 

p (nm) Density 
(NI/μm2)

ΔλMAX (nm) ΔRMAX

120 69 9.3 0.2853
100 100 22 0.3541
80 156 29 0.6169
70 204 LSP band not well 

defined
LSP band not well 

defined
65 237 LSP band not well 

defined
LSP band not well 

defined
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λMAX = 651 nm experiences significant enhancement along 
the right and left edges of the Au NI, indicative of the charac-
teristic behavior of an LSP resonance.

The biolayer thickness has been assumed to be 2 nm, 
which is a typical value for a BSA monolayer under dry 
conditions [34, 46]. As shown in Fig. 6, the calculated LSPR 
wavelength shift, ΔλMAX, is found to be 22 nm, which is 
significantly greater than the dip shift (ΔλMIN = 5 nm) and 
equivalent to that measured for the actual device. This simi-
larity indicates that the proposed model is suitable for simu-
lating the device’s response regarding wavelength shift. This 
represents a significant outcome, as it considerably simpli-
fies the theoretical analysis of the device and the designer’s 
tasks. Specifically, the optical response of randomly distrib-
uted, varying-sized Au NIs can be modeled with good accu-
racy by simulating a straightforward periodic arrangement 
of single-sized Au NIs. Concerning the reflectance response 
(RMAX), the simulated ΔRMAX value equals 0.3541, which is 
greater than the experimental value (0.1336). This discrep-
ancy is attributed to the fact that the surfaces of the actual 
device are not perfectly smooth, which induces light scat-
tering and decreases the reflectance in the direction normal 
to the device. However, the simulations indicate a substan-
tial increment in the RMAX value after the adsorption of the 
biolayer, in good agreement with the experimental results.

We also simulated the device response under the assump-
tion that BSA adsorption occurs only on the SiO2 surface 
(blue line in Fig. 6). The resulting curve exhibits a dip that 
coincides with that of the red line (BSA on the entire device 
surface), indicating that the deposition of BSA molecules 
on the SiO2 is responsible for the small shift of λMIN. It is 
also noted that BSA adhesion on the SiO2 surface produces a 

redshift of λMAX equal to 10 nm, significantly contributing to 
the overall redshift of λMAX when BSA adheres to the whole 
device surface. The observed shift in λMAX due to BSA on 
the SiO2 surface can be attributed to an increase in both the 
local refractive index surrounding the Au NIs and coupling 
effects between neighboring NIs due to the presence of a 
higher-index material between them [17].

The impact of the biolayer deposited on the SiO2 surface 
on the overall λMAX shift is notable. However, as illustrated in 
Fig. 6, the predominant contribution to the overall λMAX shift is 
attributable to the biolayer covering the Au NIs. This suggests 
that a higher density of NIs should lead to a higher surface 
sensitivity. To corroborate this, a series of simulations were 
conducted for several p values, that is, different NI densities. 
Table 2 shows the calculated ΔλMAX and ΔRMAX for an adlayer 
covering the whole device surface, d = 60 nm, h = 10 nm, and 
several values of p. As expected, both ΔλMAX and ΔRMAX 
increase with decreasing period (increasing density). However, 
for periods ≤ 70 nm, the corresponding LSP band broadens 
and shows small bumps, which complicates the determination 
of the spectral position of λMAX. This is illustrated in Fig. 8, 
which shows the calculated normalized reflectance for d = 60 
nm, h = 10 nm, tbio = 0 nm, and various p values ranging from 
120 to 65 nm. The presence of these bumps is attributed to 
coupling effects between the NIs as the distance between them 
decreases [17]. The imprecision in determining the peak of the 
LSP band in high-density NI configurations may complicate 
the interpretation of the sensor response, thereby hindering 
its suitability for quantitative applications. According to the 
results of our simulations, a p value of 80 nm (156 NI/µm2) 
provides the highest surface sensitivity while allowing a facile 
determination of the LSPR maximum. Subsequent research 

Fig. 9   a Computed response curves of the modeled device for d = 60 nm, h = 10 nm, p = 100 nm, and different values of tbio. b Variations of 
λMAX (black squares) and RMAX (red circles) with respect to the baseline (tbio = 0 nm) as a function of tbio



Plasmonics	

endeavors will center on synthesizing Au NIs with this density 
to further enhance surface sensitivity. The predicted sensitivity 
behavior with p (density) was supported experimentally by 
characterizing another fabricated sample with the same mean 
NI diameter (60 nm) but with smaller NI density (80 NI/μm2) 
(see SI.4 of the Supplementary Information for details). That 
sample exhibited a ΔλMAX of approximately 15 nm, in good 
agreement with the calculated results presented in Table 2.

Figure 9a shows the calculated sensor response for vary-
ing values of the biolayer thickness (tbio), ranging from 0 to 
8 nm. The peak wavelength shift (ΔλMAX) and reflectance 
variation (ΔRMAX) as a function of tbio are plotted in Fig. 9b. 
It is observed that ΔλMAX increases significantly with tbio 
for small values of tbio and saturates at approximately tbio = 6 
nm, indicating a small decay length of the evanescent field 
associated with the LSPR [18]. This makes wavelength inter-
rogation an effective method for using the proposed sensor 
for highly sensitive detection of thin (a few nanometers thick) 
adlayers, but not for tens of nanometers thick films. ΔRMAX 
also exhibits high sensitivity to tbio but appears to saturate 
at higher values of tbio as compared to ΔλMAX. This can 
be attributed to the effect of the Fabry-Pérot cavity optical 
response on RMAX. As tbio increases, the device’s top surface 
becomes flatter, reducing optical losses due to surface scatter-
ing and leading to a deeper and higher contrast Fabry–Perot 
resonance (RMAX increases). RMAX tends to saturate as a com-
pletely flat surface is approached. This result suggests that 
when detecting thick films, reflectance interrogation may be a 
more suitable method than wavelength interrogation because 
it covers a broader thickness dynamic range.

As illustrated in Fig. 5, both the measured λMAX and 
RMAX exhibit small increments for [BSA] = 10 mg/mL in 
comparison to [BSA] = 1 mg/mL. If additional layers of 
BSA were formed for [BSA] = 10 mg/mL, the slight increase 
in λMAX could be explained by the onset of signal satura-
tion observed in Fig. 9b. However, Fig. 9b also shows that 
the formation of additional layers of BSA would result in 
a substantially larger variation of RMAX than that obtained 
experimentally. This suggests that no well-defined additional 
layers of BSA are formed for 10 mg/mL of BSA, and thus 
supports the preceding assertion that the sensor signal satu-
ration observed in Fig. 5 is predominantly attributable to 
the establishment of a monolayer of BSA. The moderate 
increase in λMAX and RMAX may be due to the compaction 
of the BSA monolayer or the formation of loosely packed 
protein aggregations on its surface.

Conclusions

The surface sensitivity of a self-referenced nanoplasmonic 
sensor based on Au NIs has been investigated through both 
BSA protein adsorption experiments and RCWA simulations. 

The Au NIs were synthesized by thermal dewetting on a planar 
SiO2/metal/Si chip, and their spectral response was examined 
in reflection mode. The analytical signal of the sensor was stud-
ied in terms of LSPR spectral shift and normalized reflectance 
monitoring. Both measurements yield similar values for the 
BSA adsorption equilibrium constant and limit of detection. 
The device exhibits a surface sensitivity of 0.2 nm/(ng/cm2) 
using wavelength shift monitoring, which is one order of mag-
nitude greater than that of other plasmonic devices based on 
Au nanoislands. RCWA simulations of a periodic array of Au 
NIs closely resemble the experimental response of the device, 
validating the efficacy of the proposed simplified model. This 
model has been employed to determine an optimal value for the 
Au NI surface density to achieve both high surface sensitivity 
and precise LSPR band definition. The high surface sensitivity 
of the studied device, along with its chip-based architecture, 
low cost, and simplicity, makes it a promising self-referenced 
plasmonic sensor for biosensing applications.
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