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ABSTRACT: We used straightforward thermal evaporation deposition to form thin Al films on fused silica slides as surface plasmon
resonance (SPR) sensors in the blue visible region. Compared to other studies, we achieved high-quality Al SPR sensors with a low
vacuum level at 7 × 10−4 Pa and a low deposition rate between 1.47 and 3.41 nm/s. These Al films have an atomic-level surface
roughness. With our recipe, the requirements for deposition conditions are relaxed, and the operation time is reduced remarkably.
The experimental sensitivity of the bulk refractive index measurements using 405 nm probing light is as high as 149.9°/RIU.
Compared with other studies, our blue visible Al SPR completes the Al SPR working frequency range from deep UV to near-infrared
which is much broader than the working range of Au SPR sensors. The cost of Al material is cheap, and the deposition instrument is
also economic and operation easy. Considering the compatibility with most of the nanofabrication procedures and stability from the
native oxide layer, Al SPR sensors have a huge potential to replace Au SPR sensors as the new golden standard of SPR sensing
technology.

■ INTRODUCTION
Sensing technology based on the propagation surface plasmon
resonance (SPR) phenomenon has been developed for more
than 40 years since its first application in gas sensing in the
early 1980s.1 It has been developed prosperously.2−4 Noble
metals, e.g., Au and Ag, are the most used metallic materials for
SPR sensors.5−7 Chemical instability prohibits Ag SPR sensor
applications in aqueous or humid environments. Although Au
SPR sensors are the gold standard in the industry, there are
limitations to these sensors. A few nanometers of a Cr layer is
utilized to improve the adhesion of the Au layer due to its high
dewetting effect. The extra Cr layer prevents a Au SPR chip
from reaching the optimum sensing performance. Au only
supports SPR in a short range of wavelengths in the red visible
and near-infrared, and it cannot work in the blue visible or UV
regimes due to the interband transition. Cost is another factor
that motivates researchers to study other materials for SPR
sensors. Pursuing SPR resonance beyond the visible regime is
another hot research topic since various light−matter
interactions and nonlinear optical phenomena can be excited
simultaneously for multichannel transduction sensing.8−10

Al is a competitive candidate due to its low cost, long SPR
resonance range (deep UV to near-infrared), stability due to
the native oxide layer, and compatibility with complementary

metal−oxide−semiconductor (CMOS) fabrication processes.
Many research works studied the localized SPR (LSPR)
properties of Al nanostructures.11,12 These Al nanostructures
are outperforming, especially in the deep UV regime.13−15

Regarding the propagation SPR based on Al thin films, a few
research works have shown that Al has superior SPR sensing
performance in UV and deep UV,16 visible red,17 and near-
infrared regimes.18

In this work, we used a simple thermal evaporation
deposition technique to deposit Al thin films. We examined
the effects of different vacuum levels and deposition rates on
the quality of Al thin films, i.e., the complex refractive index.
We conducted bulk and surface sensing experiments to
demonstrate the SPR performance of the deposited Al thin
films. We achieved as high as 149.9°/RIU sensitivity using a
homemade multiplexed angular interrogation system at 405

Received: September 8, 2023
Revised: October 10, 2023
Accepted: October 17, 2023
Published: November 2, 2023

Articlehttp://pubs.acs.org/journal/acsodf

© 2023 The Authors. Published by
American Chemical Society

43188
https://doi.org/10.1021/acsomega.3c06855

ACS Omega 2023, 8, 43188−43196

This article is licensed under CC-BY-NC-ND 4.0

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chengchao+He"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yanhong+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yuxiang+Yang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Huaikun+Fan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dawei+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xue+Han"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsomega.3c06855&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?fig=abs1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?fig=abs1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?fig=abs1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c06855?fig=abs1&ref=pdf
https://pubs.acs.org/toc/acsodf/8/45?ref=pdf
https://pubs.acs.org/toc/acsodf/8/45?ref=pdf
https://pubs.acs.org/toc/acsodf/8/45?ref=pdf
https://pubs.acs.org/toc/acsodf/8/45?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsomega.3c06855?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://http://pubs.acs.org/journal/acsodf?ref=pdf
https://acsopenscience.org/open-access/licensing-options/
https://pubs.acs.org/page/policy/authorchoice_ccbyncnd_termsofuse.html
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/


nm for the first time. To the best of our knowledge, this value
is the highest among metallic film-based SPR sensors. This
work demonstrates that simple, economic thermal evaporation
deposition can achieve high-quality Al thin films using a low
vacuum and a slow deposition rate recipe. Resonance in the
blue visible of Al SPR achieved in this work makes it possible
to select any frequency from deep UV to the near-infrared to
support a specific light−matter interaction or nonlinear optical
effect for multichannel transduction sensing. Al SPR sensors
are becoming the next generation of the gold standard for SPR
sensing techniques.

■ METHODS
Different deposition technologies are available for Al thin film
deposition, e.g., direct current (DC) magnetron sputtering,19

epitaxial growth,20,21 electron beam evaporation,22 and thermal
evaporation.23 Deposition conditions influence the qualities of
Al thin films dramatically. We used a thermal evaporator to
deposit Al thin films on UV-grade fused silica substrates
without heating. Simplicity and low cost are the advantages of
this apparatus. Based on the literature, a high chamber vacuum
level and a fast deposition rate are mandatory to prevent
oxidization by the residue gas during the deposition process to
achieve a high-purity Al film.22,23 We selected two vacuum
levels (1 × 10−4 Pa as high and 7 × 10−4 Pa as low) and two
heating currents (determine deposition rates) (150 A as high
and 120 A as low). We used three deposition conditions, high
vacuum + high rate (HH), low vacuum + high rate (LH), and
low vacuum + low rate (LL), to examine the Al thin films in
terms of optical properties and surface roughness. Details of
the deposition procedure are described in the Supporting
Information. A few Al films with different thicknesses under
the same conditions are tested to check the stability of the
deposition.

Regarding the optical property, we used an ellipsometer to
measure the real (n) and imaginary (k) parts of the complex
refractive indices of the deposited Al films. After the
deposition, a native alumina film formed in the room
atmosphere. A bilayer model is used to fit the thickness and
complex refractive index of the Al layer. The alumina layer is
set with different thicknesses (1−4 nm) using the Cauchy
model. The Al layer is fitted with the Kramers−Kronig
model.24 Throughout this article, the thicknesses of the
aluminum layer and the native alumina layer are indicated
separately.

To calibrate the SPR properties, we measured the angular
reflectance curves of these Al films in air using a 405 nm laser
diode (LD) with a homemade angular interrogation system
built on a rotation stage (highest resolution 0.00125°). The
Kretschmann configuration provides the wave vector matching
condition with a right-angle prism. The probing light is a
collimated beam, and the incident angle is scanned over a
broad range to cover the entire curve. We compared the
experimental and simulated SPR curves for each Al thin film.
The n and k of the Al material in COMSOL Multiphysics
model are set as the measured values. We examined the
resonance angle θR, the reflectance at the resonance angle
R(θR), and the full width at half-maximum (FWHM) of each
SPR curve.

The bulk refractive index sensing capability is studied
theoretically to determine the optimized thickness of the Al
film for gas (from n = 1 to 1.01) and aqueous (from n = 1.33 to
1.34) cover medium. The thickness of the Al film changes from

10 to 40 nm (excluding native Al2O3 thickness) with 1 nm
interval, and the incident angle is scanned from 35 to 55° with
a 0.05° interval. The n and k of the Al material in the
simulation models are the averaged ellipsometry results of
different Al films from the same deposition condition. The
sensitivity (S) and figure of merit (FOM) are determined using
eqs 1 and 2. Here, Δθ is the resonance angle shift, and Δn is
the bulk refractive index change of the cover medium.

=S
n (1)

= S
FOM

FWHM (2)

Sensing capability of the Al SPR sensors is experimentally
tested by measuring NaCl solutions. The refractive indices of
these solutions are measured using an Abbe refractometer.25

The homemade angular interrogation setup is modified
(Figure 1a) for a multiplexed angle incidence. An equilateral

prism is used in the Kretschmann configuration (Figure 1b).
The collimated beam impinges the focusing lens to generate a
range of incident angles (θfinal − θinitial = 5.5296°). Another lens
collimates the reflected beam. A CCD images the reflected
beam with a resolution of 0.0054°/pixel. The incident angle at
the fused silica/Al interface is calculated based on Snell’s Law.
A black bar is shown at the resonance angle (Figure 1b inset).
A polarizer is arranged right after the 405 nm LD to modify the
beam intensity. A background image (LD turned off) and a
reference image (at the total internal reflection) are collected
to calculate the absolute reflectance. The deionized (DI) water

Figure 1. (a) Multiplexed angular interrogation experimental setup.
(b) Schematic of the Kretschmann configuration. The refractive index
of each layer at 405 nm is presented.
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and 2, 5, and 10 wt % NaCl solutions are injected into the flow

cell sequentially.
We tested the surface sensing capability of the Al SPR sensor

by injecting oxidized cytochrome-c protein solution (7.44

mM) into the flow cell. The resonance angle of the phosphate

buffer (0.2 M Na2HPO4 + 0.2 M NaH2PO4) is measured first.

After the protein solution injection, we recorded the angle-

multiplexed SPR images at time points 0, 5, and 10 min.

■ RESULTS
Optical Constants of Deposited Al. Regarding the

ellipsometry data fitting, 3 nm alumina provides the lowest
mean-squared error (MSE) for most cases (0.6 to 0.8), and the
largest MSE is 1.832. The results of 1−4 nm alumina fittings
are presented in Supporting Information (Figure S1). We
examine the averaged n (Figure 2a) and k (Figure 2b) of
different films from the same deposition condition. The
standard deviation demonstrates the stability of the thermal
evaporation deposition process. Compared to the other two

Figure 2. Average (a) real and (b) imaginary refractive indices with standard deviations of Al films deposited by using high vacuum + high rate
(HH), low vacuum + high rate (LH), and low vacuum + low rate (LL) conditions.

Figure 3. Angular SPR curves of Al films from HH, LH, and LL deposition conditions. Solid blue curve: simulated result; red dotted curve:
experimental result. The AFM image of each film is shown as the inset at the left bottom. SPR parameters are calculated based on simulation.
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conditions, Al thin films from the LL condition have lower n
and k. The variances are slightly higher, too. For HH and LH

conditions, n and k are close to Rakic values24 (Supporting
Information, Figure S2).

Figure 4. Simulated SPR angular curves as a function of Al film thicknesses. The bulk refractive index change of the cover medium is set (a) from 1
to 1.01 for gas and (b) from 1.33 to 1.34 for aqueous solution sensing. The sensitivity, FOM, and resonant reflectance are shown in the last row.
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Experimental SPR in Air. The angular SPR curves in air
are measured and compared with the simulation results
(Figure 3). The experimental result matches the simulation
for all of the Al films. We observed that the 19 nm Al film from
the HH condition and the 21 nm Al film from the LH
condition have the best two SPR curves, i.e., the lowest
resonant reflectance and the narrowest FWHM. We should be
aware that these two Al films are improper for gas sensing
(refractive index around 1) using a 405 nm probing light. As
shown in the theoretical result in the following section, the Al
films having thicknesses of 16 nm from HH and LH conditions
and 19 nm from LL conditions are the most sensitive ones for
gas sensing. The atomic force microscopy (AFM) of each film
is shown as the inset. For HH and LH conditions, Al thin films
have smooth surfaces with atomic-level roughness.20 The LL
condition provides relatively rough Al thin films.
Theoretical Calculation of Bulk Sensitivity and FOM.

The deposition condition determines the complex refractive
index of Al thin films, and there is an optimum thickness of the
Al thin film to achieve the best SPR performance, i.e.,
sensitivity and FOM with the resonant reflectance close to 0, at
a fixed probing wavelength. The simulated SPR curves are
plotted in the function of Al film thickness for gas (Figure 4a)
and aqueous (Figure 4b) medium. Al films from HH and LH
conditions exhibit similar SPR curves and resonance angle
shifts corresponding to the bulk refractive index change. We
expect this since Al films from these two conditions have close
values of n and k at 405 nm. Sensitivity, FOM, and resonant
reflectance are determined to obtain the optimum thickness of
Al films for gas and aqueous solution sensing, respectively
(Figure 4 bottom row).

For gas sensing, the sensitivity is almost constant among Al
films with different thicknesses from the same deposition
condition. FOM is also constant for HH and LH conditions.
For the LL condition, the FOM decreases as the Al film
thickness increases. Based on this simulation result, we should
select Al films having the minimum resonant reflectance for
practical applications. Al films from the three deposition
conditions have the same sensitivity 65°/RIU with the lowest
resonant reflectance (16 nm for HH and LH conditions and 19
nm for the LL condition). For aqueous solution sensing, we
observe similar features in that the sensitivity is almost

constant among different Al films from the HH and LH
deposition conditions. A transparent green bar labels the Al
thin films with resonant reflectance smaller than 0.01 for each
deposition condition. For HH condition, these three Al films
are 19, 20, and 21 nm thick with sensitivity 135, 140, and
135°/RIU, respectively. For LH condition, these three Al films
are 18, 19, and 20 nm thick with sensitivity 130, and 135, and
135°/RIU, respectively. For LL condition, these three Al films
are 20, 21, and 22 nm thick with sensitivity 150, 150, and
160°/RIU, respectively. The FOM increases first and then
decreases as the Al film thickness increases for all three
deposition conditions. Although the sensitivity of Al films from
the LL condition increases as the thickness of the film
increases, the resonant reflectance also increases. Considering
the Al films from the LL condition have relatively rough
surfaces that reduce the propagation lengths of the surface
polaritons (SPs), we select the one (19 nm Al + 3 nm Al2O3,
highlighted in Figure 3) from the HH condition for the
experimental Al SPR sensing. We also compared our
simulation results to the Rakic’s Al SPR performance at 405
nm. The optimized thicknesses are 18 and 19 nm with
sensitivity 130°/RIU for both films.
Experimental Measurement of Al SPR Sensitivity. We

measured the SPR curve for each salt solution. Peak find
function in Origin is used to fit the resonance angle of the
measured angular reflectance curve with a dark dip (Figure 5a).
The experimental SPR resonance angle matches the simulation
result for each salt solution (Figure 5b). In the simulation, the
refractive indices are set as the measured values for the cover
medium (NaCl solution) and the selected Al film. The linear
transduction region from 1.3311 to 1.3627 with the R-square
0.99964 is determined based on simulation results. The
theoretical sensitivity is 146.2°/RIU, and the experimental
result is 149.9°/RIU. The theoretical sensitivity of this 19 nm
Al film is slightly different from the simulated value as shown
in Figure 4b (135°/RIU), since the measured n and k of this
specific film are varied from the average value. We compared
our Al SPR sensor to those of other reported Al SPR sensors
(Table 1). To our knowledge, this Al SPR sensor has the
highest experimental sensitivity.
Surface Sensing. We incubated cytochrome-c protein on

the surface of the Al film by injecting the protein solution into

Figure 5. (a) Experimental SPR curves and the fitting curves of 4 different NaCl concentration solutions. (b) SPR resonance angle versus cover
medium refractive index. Blue solid curve: simulated result; red square dot: experimental result; red dotted curve: linear transduction regime.
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the flow cell. The SPR resonance angle increases after
cytochrome-c protein solution injection (Figure 6a), and the
FWHM of the SPR curve becomes broad (Figure 6b) due to
the high optical absorptivity of this protein at 405 nm
wavelength.26 The SPR resonance angle decreases, and the
FWHM becomes narrower during the stabilization process.
The surface coverage of cytochrome-c reaches the maximum at
the instance after the protein solution contacts the Al surface,
and then, the surface coverage becomes lower as time passes
by. Based on the exponential decay fitting (Figure 6a), the
equilibrium surface coverage has an SPR resonance angle of
73.01° which is 0.04° higher compared to the buffer solution
(72.97°, Al SPR: 1.33468, Abbe: 1.33433). We simulate the
scenario of a single layer with complete coverage of
cytochrome-c, and the resonance angle is 73.61°. The protein
is 3.4 nm (free form in an aqueous environment), and the
refractive index is 1.4 in the simulation model.27 Even
instantaneously after the injection, a full monolayer of
cytochrome-c protein does not form on the Al surface. A
similar phenomenon has been reported by others.17 The
surface hydrophilic property is measured (Figure 6c). Al films
are more hydrophilic from the LL condition. We contribute
this to the relatively rough surface of Al films from the LL
condition.

■ DISCUSSION
Deposition Condition. A few research works have

demonstrated that the experimental optical properties of Al
films are not consistent with the theoretical calculation and
varied among deposition techniques and conditions.23,28 It is
common that simulation and experimental results are
inconsistent for metallic nano-optical devices. Our work proves
that the deposition rate is more influential to Al films for SPR
applications. Using the high deposition rate (150 A heating

current, 1.47−3.41 nm/s) defined in our work, the Al films
from the high (1 × 10−4 Pa approximate 7.50 × 10−7 Torr)
and low vacuum (7 × 10−4 Pa approximate 5.25 × 10−6 Torr)
levels have close optical property and both support SPR at 405
nm. It needs 8 h and 40 min to reach the defined high and low
vacuum levels, respectively. There is no need to examine a
higher or lower vacuum deposition condition. A low vacuum
condition is sufficient for high-quality Al films as long as the
high deposition rate is guaranteed and reaction with the
residue gas in the chamber is avoided. Using the defined high
deposition rate, at least 4.4 times slower deposition rate
compared to the reported study (15 nm/s),23 we have
achieved Rakic like Al films.24 The low deposition rate is
constant as 0.1 nm/s at 120 A heating current. With the high
deposition rate we used, a 23 nm thick Al film needs
approximately 13.5 s, and this is a controllable process. This is
critical for Al SPR sensors since the optimized thickness of
these films is in the range from 16 to 21 nm based on our
simulation results. If thinner Al films are requested, middle
deposition rates should be used to extend the deposition time
and the optical property of the resulted Al films should be
examined. Based on our experimental results, the surface
roughness (largest RMS 1.514 nm) of the deposited Al films is
tiny, and SPR performance is not influenced. But to our
observation, this relatively large surface roughness is highly
influential in the Al thin film etching process for nanostructure
metasurfaces, i.e., focused ion beam etching in our another
research. The rough surface alters the ion beam focusing
during the etching process, and the resulting patterns are out of
shape compared to the designs.
Bulk Refractive Index Sensing. For bulk refractive index

sensing, the propagation SPR using metallic thin films is not
inferior to LSPR based on metallic nanostructures. Propagation
SPR supports large sensing volumes. LSPR phenomenon is
more suitable for nonlinear light−matter interaction-based
transduction strategies to sense minute substances through the
generated optical signal with different frequencies. LSPR
provides a highly confined near-field with extremely high local
intensity that is favorable to nonlinear processes. Al
nanostructures have been applied in fundamental re-
search,29−33 polarization generation,34 modifying light phase
and intensity in the visible range,35 color generation,36−38

enhancing specific light−matter interactions,39−42 biosens-

Table 1. SPR Bulk Refractive Index Sensing Capability
Comparison

Al + Al2O3 thickness
probing

wavelength experimental sensitivity

∼23 nm16 266 nm 100°/RIU (calculated)
12 nm + 3 nm 650 nm 59.25°/RIU
20 nm18 507 nm 118.6°/RIU
19 nm + 3 nm [this work] 405 nm 149.9°/RIU

Figure 6. (a) Resonance angle and (b) FWHM of SPR curves before and after cytochrome-c protein solution injection. (c) Hydrophilic
measurements of Al thin films from the HH and the LL deposition conditions.
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ing,43 nonlinear optics,44,45 and others.46−48 The strong
localized near-field can cause photon damage to the sensing
analytes, especially for biological samples. Optical absorption
from the metallic materials generates a local thermal spike that
can cause thermal shock to the sensing analytes or melt the
nanostructures. Based on our experimental observation, as low
as 3 μW incident power is enough for the Al SPR sensor using
405 nm light. Compared to Au SPR (∼50°/RIU for gas and
∼75°/RIU for aqueous solution as shown in Figure 2b of ref
49.), Al SPR at 405 nm has higher sensitivities (65°/RIU for
gas and 140°/RIU for aqueous solution) based on our
simulation works. Regarding the SPR and LSPR sensor
designs, we suggest using the measured values of n and k for
the Al material in the simulation models. The optical
properties of Al films differ dramatically among different
deposition techniques and conditions. Despite using the same
technique and deposition parameters, the resulted Al thin films
vary in properties due to the specific machine or person. Here,
we emphasize that for a specific metallic film and a specific
SPR probing wavelength, the thickness of the film should be
optimized to reach the most sensitive performance.
Surface Sensing. For sensing analytes with strong light

absorption, the angular interrogation is more proper. The
broadened SPR curves due to the strong absorption make
intensity interrogation with a fixed incident angle and probing
wavelength impossible. Regarding the phase interrogation, the
difficulty in the experimental setup hinders this strategy from
being applied to SPR sensing techniques. Regarding the
wavelength interrogation, complex refractive indices of all of
the materials involved in the SPR excitation components
should use wavelength-dependent values to obtain the
information on the surface adsorbed analytes. The chemical
configurations of the study analytes, especially biomolecules,
e.g., proteins, antigens, and antibodies, can change due to the
surface chemistry of the SPR sensors. Wavelength inter-
rogation can be a possible way to measure the refractive index
changes during the incubation process.
Angular Interrogation System. The trend of SPR

sensing systems moves toward a low cost and broad working
frequency range. Cheap light source is another factor to reduce
the cost.50 Our research shows that a simple LD excites the
SPR phenomenon of Al thin films well. For the single incident
angle interrogation strategy, the mechanical stability and
angular resolution of the rotation stage are critical to the
sensing capability. The intensity of the incident beam should
be stable during the entire sensing process. The fluctuation in
the light intensity may result in a false resonance angle. For the
multiplexed angle interrogation strategy, the stationary system
improves the mechanical stability of the whole setup. There is
no need to use a high-angle-resolution rotation stage. The
requirement shifts to the focusing lens on the incident light
path, the collimating lens on the reflection light path, and the
imaging camera. The ratio of pixel/angle determines the
angular resolution, which is compromised to the range of
incident angles. A spatial filter can improve the quality of the
incident beam of our homemade system. Yet, this simple
homemade system is sufficient. The background and the
reference images are not mandatory with the multiplexed angle
setup since we selected Al films having a resonance reflectance
close to 0. The theoretical highest limit of detection (LOD) is
3.7 × 10−5 RIU of the current system assuming that 1-pixel
resonance shift is detectable.

■ CONCLUSIONS
We achieved high sensitivity Al SPR sensors in the blue visible
region. The simple thermal evaporation deposition with a
relative low vacuum level (7 × 10−4 Pa) and slow deposition
rate (150 A heating current, 1.47−3.41 nm/s) resulted in thin
Al films with atomic surface roughness. The resulting Al films
have refractive indices close to Rakic’s. The sensitivity obtained
for the aqueous bulk refractive index sensing is as high as
149.9°/RIU for the first time. So far, Al SPR sensors working
in the deep UV, UV,16 blue visible (this work), red visible,17

and near-infrared regimes18 have all been reported. Al material
will boost the development of low cost, broad working
frequency range, and COMS process compatible SPR sensors.
The Al SPR sensor is possible to replace the standard Au SPR
sensor in the near future.
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