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Abstract: The purpose of this paper is to present advanced techniques in optical biodevices. More-
over different configurations involving the generation of fiber optical biosensors are described. To
overcome some limitations of fiber optical biosensors, plasmonic phenomena proposed. In addition
novel plasmonic phenomena have broaden researcher’s horizons in new discovering in terms of
technology and application. As regards there are many challenges to detect ultra-low concentration
samples with high sensitivity in real time. Researchers have always made great efforts to discover
more effective methods. Throughout the paper SPR and LSPR as a powerful analysis instrument are
introduced. Finally surveys the current practical performances of plasmonic sensors in detection of
bio target are provided. As a result these devices demonstrate great potential in identifying target
analytic due to their unique optical biosensors.
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1. Introduction

A huge number of devices introduced by biosensor such as chemical, optical, me-
chanical for molecular detection in medical diagnostic clinics[1-7]. Based on promising
investigation optical biosensor not only has to respond direct detection but also must have
ability for label free discrimination [8]. The promise of biosensor play an important role
in many sector: Covid-19 detection [9], biomarker detection, monitoring, environment
production, food safety [10-21]. So depend on their application can be classified in two
categories include bio recognition or combined with transducer system. Examples of
biomarker detection sample used in sensing technique are enzyme, antibodies, nucleic
acids, oligonucleotides. Optical biosensors based on ellipsometry, reflectometry, photolumi-
nescence and SER, fluorescence are direct and indirect respectively. Furthermore biosensors
integrated with optical transducer have been used in a large verity of devices based on
fluorescence, spectroscopy, interferometric. Optical methods are based on interrogating
sample with a wide range of wavelengths simultaneously [22,23]. Evanescent and fiber
optic biosensors are two kind of optical method. In spite of the extraordinary conventional
optical biosensor advantages in direct sensing namely low consuming time, low cost, label
free detection, sensitivity, compact size, fabrication simplicity, but they have some problem
the main is faced with is limitation of their detection in Nano meter scale structure. To solve
the abovementioned problems optimization algorithm such as deep-learning is proposed
recently [16,24-33]. This is because they were not able to detection of sub wavelength
images. To overcome the prevalence of studies on Nano scale size, a great deal of study
have been done by researchers to propose reliable method for sub wavelength features.
According to the evidence based documents surface plasmon resonance (SPR) in terms of
their remarkable ability to resolve diffraction limit is considered as a powerful method.
However due to increasing efficiency of plasmonics noble metal nanoparticles (NPs) of
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gold and silver proposed which exhibit significant properties in sensing. Regarding to a
progress of nano materials zinc oxide as one of the most amusing metal oxide has drawn
researcher’s attention. Performance of SPR is based on changing of refractive index in
different synthesis. It is noteworthy when plasmon is generated by incident wavelength
in specific ranges and angles they can be used in different detection[34,35]. The smart
detection based on surface plasmon resonance has demonstrated ultra-sensitive qualifica-
tion in biomolecules sensing by converting small changes in refractive index into spectral
changes. Advancement of surface plasmon resonance have gained remarkable attention to
the diagnosis of disease [36-38].

Localized surface plasmon resonance (LSPR) also is considerable biosensor for bi-
ological detection. The main principle mechanism of detection is based on interaction
between incident light and analytic sample resulting in generating optical signal that record
by detector [34,35,39,40]. Bio sensing application is impacted by surface parameter and
physical and chemical properties (roughness, valence and conductance band, concentration
of sample, functional group). Through the above result smart sensing devices have been
unique candidates for detection which need highly sensitivity and selectivity especially
in the early stages of diagnosis. Also, in the realm of wireless sensing abovementioned
structure can be used [41,42].

2. Optical Biosensor
2.1. Fiber Optical Biosensor

In these biosensor biological detection performance occur within evanescent wave
confinement in an optical fiber or waveguide. In the following figure we present some
advanced applications of battery-on-chip. Optical fibers include a silica cylindrical core
and cladding. To increasing the refractive index of the core, it is doped with germanium as
a result propagating electromagnetic wave which is called evanescent wave produced. It
is noteworthy for decreasing loss light propagation to minimal, exposing the evanescent
field was proposed. Furthermore tapering was shown to increase the evanescent field
magnitude and evanescent field exposing. Research shows that tapering of core fibers
increase the sensitivity to 10 fold.

Figure 1. Advanced applications of Optical Biosensors.

Also in another studies shown using Nano sized fiber the sensitivity can increase and
adiabatic tapers with a diameter of 1 ym could increase optical power intensity by at least
10 times compared to previous studies. In terms of effecting of bending it was clear that
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sensitivity of sensor with more than one bend increase. A wide range of studies showed U
shaped probe has an exponentially sensing ability and producing large evanescent field
compered to strain probe. In U shaped the evanescent wave penetration increases by
decreasing in an angle of propagation. Some research has been done that wavelengths
at near IR or IR range increase evanescent penetration. In some laboratory studies has
been observed high sensitivity at low concentration at IR wavelengths. There are a rich
diversity geometric methods to increase penetration depth of fiber optical biosensors. Thus
far two kinds of tapered fiber geometrics proposed: firstly, tapered tips that are used in
biochemical detection by using fluorescent. Secondly, a continuous biconical taper which
is include three different section: a region of reduction diameter, fixing diameter region,
increasing diameter region.

Detection principle According to the previous investigation various sensing princi-
ple are proposed:

1- Intensity based sensor: it is manifested by measuring changes in output power,
evanescent field are detected.

2- Evanescent absorption measurements: during the interaction between evanescent field
and analytes, wavelength transmitted is absorbed by analyte. Hence, according to the
sample concentration magnitude of light transmitted decreases.

3- Using fluorescence with optical fiber: evanescent wave fluorescence are used in two
methods: firstly the sandwich assay. In this the primary antibody is immobilized on the
surface by covalent bonding, then the target molecule that is attached to the antibody is
introduced. The accuracy of the existence of biological molecules by using a secondary ex-
cited fluorescent antibody is confirmed. Secondly measurement of fluorescence quenching
rate by attaching fluorescent dye on the taper surface.

Sensing Application of Fiber Optic

e Pathogen sensing: based on evanescent sensor a huge number of studies developed
detection of bacterial growth by interaction between bacteria and evanescent field. Similarly
coated tapered surface with poly-L-lysine in fiber biosensor used to detection of E coli
population growth. Light transmitted decreased when the initial number of bacteria began
to grow.

On the other hand observation indicated using tapered fiber optical via an antibody
the small concentration was well detectable. These studies were followed by fluorescence
resonance energy transfer (FRET) in dipole- dipole molecular interaction like detection of
S.typhimurium. The results appear as an increase in fluorescence which is related to the
binding of S.thphimurium to the antibody. Tapered fiber tips optimization was performed
until the detection of S.thphimurium reached 1000 CFU/ml.

Nowadays fluorescent sandwich assay with a polystyrene tapered fiber have gained a
great attention to detect Bacillus anthracic due to national security.

o In the clinical diagnosis there has been reported using tapered fiber optical (TFOBs) for
detection of Chinese hamster ovary cells. Also some works has been under taken using a
chalcogenide glass fiber in the IR absorption spectrum of mouse liver.

o Although there are many practical potential to detection of biochemical materials like
Nicotinamide adenine dinucleotide (NADH) and Nicotinamide adenine dinucleotide phos-
phate (NADFH). It work has been done by absorbing evanescent wave in tapered fiber
sensor by using flame. According to the observed results the detection limit was signifi-
cantly reduced compared to the previously reported methods, which was 0.5 micro meter
and 0.2 micro meter for NADPH and NADH respectively. Furthermore development of the
combination of chemiluminesence with fiber optic sensors lead to the detection of enzyme
alkaline phosphates and organophosphorus-based pesticides.

e In terms of diagnosis toxins many efforts have been made, take for examples: staphy-
lococcal entero toxins was detected by measuring fluorescent in sandwich immune assay.
Another researcher for detection staphylococcal entero toxins in buffer proposed an array
of biosensor and used various samples of food. There also provided reports based on the
detection of ricin which is very toxic and dangerous substance for human health based on
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use of fluorescence in optical fiber biosensors. Another method of detection that received
much attention was based on using polymyxin B as a recognition molecule in tapered fiber
optic sensor detect lipopolysaccharide which is caused sepsis.

o It is important to note that tapered optical fiber biosensors are a rapid diagnostic method
in medical clinics where the results are prepared in a short time. The need to detect protein
C in a short time by using inexpensive devices was a major concern. Investigators using a
fluorescent fiber optic sensor to detect protein C in real time.

o Detecting of DNA hybridization: experiments were done by using fluorescent with
13-mer to examine DNA hybridization. Results indicate that fluorescent FOBS was applied
for interfacial hybridization kinetics of oligonucleotides detection. by surveying extensive
research it turned out TFBOS need to be further developed to detect smaller samples.it
means sensitivity of this kind of biosensor are not enough due to the small size of the
molecules.

2.2. Interferometric Biosensors

Evanescent field and optical phase difference measurement are combined with each
other and create an optical biosensor which is called interferometric. The basis of the
operation of this biosensor is changing in index of refraction of the probe (related to the
analyte concentration) by probing the near surface with evanescent wave. Any changes of
refractive index by interference signal that appears as a pattern detection. This biosensor has
been introduced as a suitable method for detecting cellular process and cellular response
and cellular contents. Also diagnosis of avian influenza virus was become possible.

2.3. Ellipsometric biosensor

Ellipsometric is introduced as a good candidate for detecting of influenza A virus with
a piece of glycan. Generally the light reflected from the surface was used for measuring
changes in the polarization. In additionally determination of the serum tumor biomarker
was performed with ellipsometry and limit of detection of this work was about 18.2
units/ml which was significantly lower than normal method.

2.4. Reflectometric interference spectroscopy (RIFS)

Reflectometric interference is a simple label free biosensor. Phase changes and polar-
ized light amplitude changes prepare the data needed to determine the refractive index
and thickness of the layers that absorb the protein. A great deal of study showed diclofenac
in bovine milk of about 0.12 micro gram/L

Another author used a RIFS to detect tumor cells circulation which detection limit
was less than 1000 cells/ml in the concentration range of 1000-100000 cells/ml.

2.5. Surface Enhanced Raman scattering

This biosensor is a surface sensitive technique that absorption molecules on rough
metal surface or Nano particles such as silver and gold enhances Raman scattering intensity.
ASER fabrication applied on the tip of optical fibers due to the high sensitivity detection of
cancer proteins biomarker and mRNA [43].

A brief classification of some optical sensor mentioned above and wide had wide
applications in various fields such as healthcare, bio pharmaceutical sectors, security, and
food [44,45]. These optical biosensors have been developed successfully the signal-to-noise
ratio and improved the detection limit. However the selectivity and reduce detection limit
to a minimum and detection of very small particles (virus, protein) still remained as a
major a problem. Therefore developing new optical biosensor devices has always been
considered by researchers. In this regards, the heat detection is important [46,47].

Recently investigators have begun to explore alternative method that are qualitative
and compatible for pattering smaller sample volumes. A number of research groups have
proposed new methods for solving previous problem which we briefly explain them.
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2.6. Plasmonic immune sensors

A great quantity of researches reported that such practical sensors allowing detection
of very small volumes of various samples and applied to in vivo diagnosis. Label free
optical biosensor with combination of dielectric and metal interfaces called surface plasmon
resonance (SPR)

2.6.1. Different grating configuration used for SPR

Granting are usually made of an 8 micro meter thick core and 125 micro meter cladding
which surrounding the core. Overall gratings provide a strong coupling between the core-
guided incident light and cladding.

o Fiber Bragg Gratings

Fiber Bragg grating (FBG) applied as a mirror with selectivity for light propagation wave-
length as a result a narrow spectral band is reflected and on Bragg wavelength centered.
The Bragg wavelength is perfectly sensitive to temperature and axial strain in the range
of 1.2 pm/ at 1550nm. In one hand Bragg resonance is not direct used to excite a surface
plasmon. In other hand by applying chemical etching process mostly use hydro fluoric
acid (HF) or side polishing process is used to excite (SP).

o Tilted Fiber Bragg Gratings (TFBG)

TFBGs are short cycle about 500 nm gratings and index of refraction angle is less than 45
degree. In every coupling that occurs for the wavelength and its effective refractive index
there is a one to one relation. Also position of generated resonance spectra depends on the
index of refraction of the cladding corresponded and optical properties near the surface of
corresponding cladding.

o Excessively Tilted Fiber Grating

In this kind of fiber grating are manufactured with an angular slope of larger than 45.
Transmitted amplitude spectrum are usually generate with a steady wave laser that used
phase masks.

e Eccentric Fiber Bragg Grating

They are usually produce by highly focusing femtosecond pluses laser close to the cladding
interface. Transmitted amplitude produces a dense spectrum with a very large number of
mod coupling resonance with refractive index in the range between 1.45 to 1.00.

e Long Periodic Fiber Grating(LPFGs)

This fiber grating responsible for period refractive index modulated. LPFGs are usually
produced by using electric arc discharge or amplitude masks. Additionally SPR generation
can be achieved from optimization of grating structures surrounded by using a thin metal
film mostly gold or silver [48]. Thickness of film metal was between 30 nm and 70 nm. It is
noteworthy that in comparison with different sensor devices chiefly in immune sensing it
is not sufficient to consider sensitives it is because of wavelength play an important role in
the accuracy of measurements.

2.6.2. Plasmonic Grating based Biochemical sensors

In the case of plasminic grating structures differences in refractive index reflect by
optical spectra in both form optical power changes and wavelength shift.

A great quantity of research is conducted that spectra and intensity are two important
techniques Compared to conventional commercial optic equipment. In these Biochemical
sensors molecular interactions occurred on the top of the outer film which bio receptors
located on outer film then modified spectra are generate.

e Spectrum Analyzer Interrogation

This technique is the most widespread and the majority of FBG based on this principle
that relies on the wavelength shift induced by changing in the index of refraction. This
manufacture consists of broad band and optical spectrum analyzer.

¢ Quantization of the intensity interrogation

Intensity interrogation is another method that light with plasmon wave coupled that
demonstrates the intensity variations produced.
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This technique is carried out by using tunable laser that match the wavelength of sensitive
mode as a source and a photodiode applied as a detector and to obtain data we need an
analog to digital converter. It noteworthy that intensity interrogation has been widely
applied to propagate reduced size plasmonic optical fiber sensors.

o Other techniques

Due to integration use of polarization analysis and using polarization depended loss are
two method that have exhibited good performance especially when nanoparticles were
applied.

2.6.3. Application of Plasmonic Optical Fiber Grating

This section reports a summary of examples ofthese biosensors in the diagnosis of
disease such as cancers and tumors. A great survey of recent investigation have been
focused on grating configuration. For different detection such as biotin and glycoprotein
with limit of detection about 11PM-8PM and 0.0002 g/ml. Also a lot of evidence for their
use in different medical diagnosis like detection of cytokeratin for lung cancer that released
from malignant cells. A group of author used a layer of gold with fibronectin in detection
of cellular behavior under different stimuli. Other researcher proposed gold layer and thiol
modified aptamers which is applied in thrombin detection in buffer and serum solutions
with limit of detection 22 nm.

2.7. SPR Biosensors

Surface plasmon waves in kretschman configuration mostly generated by injecting
light on a surface (coated by metal) through a prism at a specified angle to reflect the light.
In this configuration (prism-metal-bio recognition) surface plasmon waves only occur at
the external surface and inner surface cannot able to excite surface plasmon this is because
of propagation constant is too small compared to external surface. Biochemical recognition
localized on the thin layer metal and analyte attached to the bio receptor producing
refractive index changes increase so does the surface plasmon propagation which can
measurement by optical equipment like wave length modulation, angular modulation
and phase modulation [49-51]. The first proposed SPR biosensor dates back to 1983.SPR
biosensors development have made accessible the advancement of technology and their
applications in different field such as medical diagnosis, biotechnology and drug delivery.

2.8. Localized Surface Plasmons

Other category of plasmonic sensing is localized surface plasmon resonance. LSPR
signal generated when surface plasmon resonance confined by the nano scale subjects.
The detection in gigahertz and terahertz is considered [47,52-58]. This platform are more
miniaturization than SPR platform sensing. Ergo this plasmonic sensing convert to re-
markably detection system for diagnosis and can integrated by point-of-core diagnosis
devices. Interestingly this platform system use wavelengths which does not overlap with
the created spectrum has received much attention specially in biological sensing such as
high sensitivity detection of hemoglobin and urea in blood [28,59,60,60-64].

3. Different Effective Parameters

In the context of sensing we define several parameters related to the analyte detection
in biosensors.
o Refractive index and figure of merit
Ability of plasmonic sensors depend on detecting of refractive index changing. It has also
been demonstrated sensitivity can be increase by using of a low refractive index substrate.
Bulk sensitivity depends on angle of incident. Furthermore sensitivity influenced by figure
of merit that define as a ratio bulk sensitivity to spectral dip. It allows to compression
between different Nano devices in terms of the sensitivity. In LSPR based biosensors
figure of merit (FOM) depends on the resonance wavelength for example by applying gold
nanoroad can show a maximum value of FOM obtained at a wavelength of roughly 700nm.
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It is noticeable that narrower spectral produced by using delocalization modes. The
result is high value of FOM also improving FOM have been achieved by reducing the
width of spectrum. Another extensive research shows that detecting minute changes in
the bulk sensitivity can improve the FOM. Refractive resolution followed by ability of
detecting small changes in refractive index. It is expressed as inversely noise of the sensor
to the bulk sensitivity.

o Surface Refractive Index

The surface refractive index usually expressed as the sensitivity to changing in index of
refraction

o Surface figure of merit

For optimization of plasmonic Nano structure consider not only figure of merit but also
electromagnetic and size of the target analyte so it seems be a complex task to experimental
and theorical determination of FOM.

o Limit Of Detection

Limit of detection is the best describe for the power of biosensor detection. It is described as
smallest concentration of analyte that provide a sensor response for specific measurement
detection [65,66].

4. Plasmonics Metamaterial

Metal as a substrate plays a central role. Plasmonic surface have to provide high
ratio of surface-to-volume and during connection between functional groups show a good
biocompatibility. Moreover in metal based substrate cost of the material considered as a
significant factor [67-69]. In the following figure, some traditional plasmonics materials for
biosensing is provided .

Plasmonics

Materials

Silver ‘ Gold \ ‘ Zn0

) 4 b L

[ High Sensitivity Biosensors ]

Figure 2. Traditional plasmonics materials.

Silver

In the majority cases proposed palladium but in commercial and mass production is not
affordable. Another group vastly used silver as inexpensive substrate. Despite it has
low toxicity and rapid oxidation but it has low sensitivity and limitations in biochemical
applications. Aluminum has gained attention due to its optical properties, cost effective
and high abundance. The main drawbacks is controlling of size and shape. Nitrides
have shown good biocompatibility. However drawbacks of using nitrides is represent by
difficulties in manipulating.

Gold
Gold is a most promising candidate for sensing applications. Gold shows good optical
properties in SPR platform for wavelength above 580 nm. Additionally it is suitable to
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manipulate with Nano fabrication method. Another advantageous is stable surface of gold
for long period time after biological interaction.

ZnO
Regarding to a progress of material science new method have been developed to fabricate
zinc oxide ZnO nanostructures. The crucial points of advanced properties with different
types of ZnO (Nano rods, quantum dots, thin film) are used in biosensors platform [70,71].
Researcher has proposed using Nano rods ZnO in detection of protein G and DNA. In
some investigations ZnO Used directly for glucose detection. One of the most interest-
ing application is indicated in diagnosis of cancer cells by using carbohydrate antigen
biomarker [72]. Researchers attention has been paid to determine Rhodamine 6G by using
ZnO Nano particles. Particularly the mechanism of interaction between ZnO and choles-
terol oxides indicate a good potential to detection of cholesterol. Also it was proposed
for lowest concentration of rabbit IgG that determination was about 16-folds lower than
another biosensor detection that used Au thin film. A group of researcher observed good
interaction between ZnO and nucleic acid bases. A great deal of study measured proteins
(BSA, HAS) by using ZnO Nano rods as a metal substrate. In addition new approaches are
obtained using ZnO to measurement 4-amino-thiophenol.

Among various advanced plasmonics materials studied for the biosensors, many
research groups have been focused on the two dimensional materials [73-77]. The main
advantage of 2D-material stems from their low cost fabrication process. Some advanced
2D-materials are provided in the following figure.

MaSs; BP 5 ar W5, GO Wse;

Figure 3. Advanced two dimensional plasmonics materials.

Also, it is worth to mentioning that nano and microstructure materials can be used for
high sensitivity biosensing [78,79].

4.1. Advances in sensing platform

Several studies have conducted to show improvement of sensitivity by using Teflon-
based LSPR with refractive index as small as 0.000003RIU. a researcher group achieved a
better imagine sensitivity by using silver film as a thin film instead of gold film in terms of
its lower absorption. An alternative way to prevent silver oxidation proposed using thin
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layer of graphene on the silver [80]. It has been proved graphene is impermeable for small
dimension as small as He. A researcher team described electron density in graphene sheet
play a crucial role in impenetrability graphene. The recent numerical study demonstrate
SPR based on metallic grating. A large number of SPR biosensor most often can detect one
analyte but it is necessary need to multi analyte detection because of reduced consumption
time for this reason SPR based on multi-channel structure provided. At first triple multi-
channel were used then it was expanded to 6 and 10 channels. One of the interesting
point was deposition dielectric over a SPR surface leading to wavelength coupling to a
longer wavelength. Also tilted top surface coupled with a prism can produce wavelength
coupling. A lot of efforts have been done to improve sensor resolution with laser [81].

4.2. Advances in bio discriminate target

So far different types of bio recognition elements are used as biological detectors
such as aptamers, peptides and antibodies. Antibodies are kind of proteins used for
bacteria and viruses detection. They show high sensitivity during antibody-antibody
interactions. Significant number of antibodies are applied for identification of Ebola, HIV
and hepatid B AND c. to immobilize protein on the surface coated with thin layer of gold
a weak attachment is sufficient to adsorb target molecules [38,82,83]. Peptides compered
to antibodies have been less applied. Peptides have been used mainly for detection of
small ligands. Very recently detection of heavy metal have been done. Aptamers are
nucleic acid ligand and used for biosensor detection system until 2001. Additionally
recognition with highly sensitive surface is a promising major for biosensor technique. For
instance by self-assembled monolayers of thiols group can obtain highly immobilization
on the surface made of gold but the main problem with tis was nonspecific absorption.
To solve this problem a group of researcher proposed poly ethylene glycol modified and
self-assembled peptides. Another way to approach was using carboxybetaine methacrylate.
Also hydrogels due to their space proous are more capable in immobilization performances
than planar surface. Also, silicon membarne sensors are highly considered recently by
research groups [84,85].

4.3. Application of SPR Biosensor

The development of plasmonic vastly has led to detection of biological analyte. The
most commonly examples is identification of thrombin aptamer. In this process concen-
tration of thrombin was roughly about 0 and 160 nm. Also the wavelength used in the
calibration was about 650 nm. Moreover ELISA using SPR have been widely used for
detection of prostate cancer through using prostate antigen embolization to form sandwich
assay. Finally detection occurs in the peak range of 7.7 and 5.5 nm for the enzyme with a
concentration of 280 Fm.

In another provided study sandwich assay formed on the cantilever surface and
antibody attached on the top of the cantilever surface. To start reaction between the
biomarker and captured antibody cantilever were immersed in serum then bbound to the
gold nano structure to receive generated response. This Optical response biosensor leads
to identification of prostate antigen and carcinoembryonic antigen with low LOD. LSPR is
a lable free detection that is used for diagnosing of cervical cancer with excellent sensitivity.
Plasmonic system provide a large surface area that allows to on line sensitivity with high
speed sensitivity. Quantification of hepatititis B virus occur in the 700-750 nm and reduced
the detection limit to 40 folds lower than ELISA test (about 0.01 IU/ml). Also LSPR was
employed due to its high refractive index for detection of troponin with a limit of detection
about 30 pm which 3 times lower than previous experimental performance. Furthermore
high tuberculosis (TB) detection sensitivity speed followed by bounding 9 TB antigens onto
the sensor chip.

Recently SPR biosensor surface fabricated by Nano hole that was coated with biotiny-
lated antibody for Human epidermal receptor protein-2 detection which provide rapid
diagnosis of the breast cancer. Some development practical method of C-Reaction protein


https://doi.org/10.20944/preprints202101.0483.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2021 d0i:10.20944/preprints202101.0483.v1

10 of 13

(CPR) detection was employed. We review the research results briefly: CPR protein largely
produced in liver-reactive protein (CPR) is considered as neurological disorders and in
various damage, surgery, infection and inflammations the CPR level in blood increased.
CPR levels in plod plasma in healthy people with no disorder measured about 5micro
g/ml. detection of this protein is divided to three categories: firstly direct test, secondly
the sandwich assay, thirdly sandwich assay improved with flat metal Nano particles or
different catalysts. It has been improved drastically in different experimental based on two
kinds of plasmonic biosensor, SPR based biosensors more useful in detecting than LSPR.

This is because of SPR depends on remarkably limited range of evanescent wave.
Some reliable performances were used to increase immunoassay for small sized, lable free
sensing such as, used artificial polymer receptor in LSPR based biosensor to identifying
CPR. A Poly (2-mathacryloyloxyethyl phosphoryl choline) substrate synthesized for CPR
detectionby measuring LSPR responses. A hybrid sandwich assay using Au-bound aptamer
and protein C injected into aptamer is performed for detection. 4-4- dithiodibutyric acid
and alpha hydroxyl acid were used for clinical detection of CPR.

5. Conclusions

Our focused investigation reveals that fiber optical biosensor and grating based SPR
used in numerous application which is highly desirable for analysis spectral information
to detect various sample. Further optical biosensor based on plasmonic nanostructure
due to having a large surface area ratio showed extraordinary performance in medical
diagnostics and a variety of analyses from proteins to bacteria. Another important point in
the development of plasmoninc sensors is the selection of a suitable substrate with high
biocompatibility with bimolecular analyses which provides access to high selectivity and
sensitivity. Different metamaterial were applied to advancement biosensor but among
them graphene is a promising candidate due to its remarkably optical properties. In
some diagnosis LSPR showed lower sensitivity than SPR. However the various features
of plasmonic sensor prove label-free, low cost, real-time, high miniaturization and highly
efficient in detection.

Author Contributions: Homa Farmani : Methodology, Software, Data curation, Investigation. Ali
Farmani: Conceptualization, Methodology, Writing - review and editing. All authors discussed the
results and contributed to the final manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This work is a theoretical mini-review of plasmonics
biosensors.

Informed Consent Statement: The study did not involve humans
Data Availability Statement: The archived dataset be found by all Authors.
Acknowledgments: The authors would like to thank our research group for helping or collaborating.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Altintas, Z. Biosensors and nanotechnology: applications in health care diagnostics; John Wiley & Sons, 2017.

2. Anker, ].N,; Hall, WP; Lyandres, O.; Shah, N.C.; Zhao, J.; Van Duyne, R.P,, Biosensing with plasmonic nanosensors. In Nanoscience
and Technology: A Collection of Reviews from Nature Journals; World Scientific, 2010; pp. 308-319.

3. Chen, CH,; Tsao, T.C,; Tang, J.L.; Wu, W.T. A multi-D-shaped optical fiber for refractive index sensing. Sensors 2010, 10, 4794-4804.

4. Xu, L;Jiang, S.; Zou, Q. An in silico approach to identification, categorization and prediction of nucleic acid binding proteins.
bioRxiv 2020.

5. Zhang, J.; Chen, Q,; Sun, J.; Tian, L.; Zuo, C. On a universal solution to the transport-of-intensity equation. Optics Letters 2020,
45, 3649-3652.

6.  Zhang, ].; Sun, J.; Chen, Q.; Zuo, C. Resolution analysis in a lens-free on-chip digital holographic microscope. IEEE Transactions
on Computational Imaging 2020, 6, 697-710.


https://doi.org/10.20944/preprints202101.0483.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2021 d0i:10.20944/preprints202101.0483.v1

11 0of 13

7. Hu, Y,; Chen, Q.; Feng, S.; Zuo, C. Microscopic fringe projection profilometry: A review. Optics and Lasers in Engineering 2020, p.
106192.

8.  Azmand, HR,; Enemuo, A.N,; Seo, S.w. Active liquid flow control through a polypyrrole-coated macroporous silicon membrane
toward chemical stimulation applications. Sensors and Actuators A: Physical, 318, 112512.

9. Roshandel, M.R.; Nateqi, M.; Lak, R.; Aavani, P; Motlagh, R.S.; Shariat, S.F; Badr, T.A.; Sfakianos, J.; Kaplan, S.A.; Tewari, A.K.
Diagnostic and methodological evaluation of studies on the urinary shedding of SARS-CoV-2, compared to stool and serum: A
systematic review and meta-analysis. Cellular and Molecular Biology 2020, 66, 148-156.

10. Alipour, A.; Mir, A.; Farmani, A. Ultra high-sensitivity and tunable dual-band perfect absorber as a plasmonic sensor. Optics &
Laser Technology 2020, 127, 106201.

11.  Zuo, C,; Chen, Q.; Gu, G; Feng, S.; Feng, F,; Li, R.; Shen, G. High-speed three-dimensional shape measurement for dynamic
scenes using bi-frequency tripolar pulse-width-modulation fringe projection. Optics and Lasers in Engineering 2013, 51, 953-960.

12.  Seo, S.W.; Azmand, H.R.; Song, Y. A fiber optic sensor platform for smart hydrogel event detection. Optical Fiber Technology 2020,
58, 102246.

13. Zhang, J.; Liu, B. A review on the recent developments of sequence-based protein feature extraction methods. Current
Bioinformatics 2019, 14, 190-199.

14. Xie,].; Wen, D,; Liang, L.; Jia, Y.; Gao, L.; Lei, J. Evaluating the validity of current mainstream wearable devices in fitness tracking
under various physical activities: comparative study. [MIR mHealth and uHealth 2018, 6, e94.

15. Zuo, C.; Chen, Q; Tian, L.; Waller, L.; Asundi, A. Transport of intensity phase retrieval and computational imaging for partially
coherent fields: The phase space perspective. Optics and Lasers in Engineering 2015, 71, 20-32.

16. Liu, L; Li,J,; Yue, E; Yan, X;; Wang, E; Bloszies, S.; Wang, Y. Effects of arbuscular mycorrhizal inoculation and biochar amendment
on maize growth, cadmium uptake and soil cadmium speciation in Cd-contaminated soil. Chemosphere 2018, 194, 495-503.

17. Liu, L.; Li, D.; Ma, Y,; Shen, H.; Zhao, S.; Wang, Y. Combined Application of Arbuscular Mycorrhizal Fungi and Exogenous
Melatonin Alleviates Drought Stress and Improves Plant Growth in Tobacco Seedlings. Journal of Plant Growth Regulation 2020,
pp- 1-14.

18.  Zuo, C,; Sun, J,; Li, J.; Asundi, A.; Chen, Q. Wide-field high-resolution 3d microscopy with fourier ptychographic diffraction
tomography. Optics and Lasers in Engineering 2020, 128, 106003.

19. Zuo,C;Li,J;Sun,]; Fan, Y.,; Zhang, J.; Lu, L.; Zhang, R.; Wang, B.; Huang, L.; Chen, Q. Transport of intensity equation: a tutorial.
Optics and Lasers in Engineering 2020, p. 106187.

20. Hu, ].; Zheng, B.; Wang, C.; Zhao, C.; Hou, X,; Pan, Q.; Xu, Z. A survey on multi-sensor fusion based obstacle detection for
intelligent ground vehicles in off-road environments. Frontiers Inf. Technol. Electron. Eng. 2020, 21, 675-692.

21. Hu,].; Wang, M.; Zhao, C.; Pan, Q.; Du, C. Formation control and collision avoidance for multi-UAV systems based on Voronoi
partition. Science China Technological Sciences 2020, 63, 65-72.

22.  Mozaffari, M.H.; Farmani, A. On-chip single-mode optofluidic microresonator dye laser sensor. IEEE Sensors Journal 2019.

23.  Farmani, H.; Farmani, A.; Biglari, Z. A label-free graphene-based nanosensor using surface plasmon resonance for biomaterials
detection. Physica E: Low-dimensional Systems and Nanostructures 2020, 116, 113730.

24. Wang,J.; Lu, S;; Wang, Y.; Li, C.; Wang, K. Effect analysis on thermal behavior enhancement of lithium—ion battery pack with
different cooling structures. Journal of Energy Storage 2020, 32, 101800.

25.  Zhang, H.; Qiu, Z.; Cao, J.; Abdel-Aty, M.; Xiong, L. Event-Triggered Synchronization for Neutral-Type Semi-Markovian Neural
Networks With Partial Mode-Dependent Time-Varying Delays. IEEE Transactions on Neural Networks and Learning Systems 2019.

26. Zuo, C.; Sun, ],;Li, ].; Zhang, J.; Asundi, A.; Chen, Q. High-resolution transport-of-intensity quantitative phase microscopy with
annular illumination. Scientific reports 2017, 7, 1-22.

27. Qian,]; Feng, S.; Tao, T.; Hu, Y;; Li, Y; Chen, Q.; Zuo, C. Deep-learning-enabled geometric constraints and phase unwrapping for
single-shot absolute 3D shape measurement. APL Photonics 2020, 5, 046105.

28. Qian,],; Feng, S.; Li, Y.;; Tao, T.; Han, J.; Chen, Q.; Zuo, C. Single-shot absolute 3D shape measurement with deep-learning-based
color fringe projection profilometry. Optics Letters 2020, 45, 1842-1845.

29. Wang, X.E; Gao, P; Liu, Y.F; Li, HF,; Lu, FE. Predicting Thermophilic Proteins by Machine Learning. Current Bioinformatics 2020,
15, 493-502.

30. Zhang, X.; Wang, Y.; Chen, X; Su, C.Y,; Li, Z.; Wang, C.; Peng, Y. Decentralized adaptive neural approximated inverse control for
a class of large-scale nonlinear hysteretic systems with time delays. IEEE Transactions on Systems, Man, and Cybernetics: Systems
2018, 49, 2424-2437.

31. Zhu, G.; Wang, S.; Sun, L.; Ge, W.; Zhang, X. Output feedback adaptive dynamic surface sliding-mode control for quadrotor
UAVs with tracking error constraints. Complexity 2020, 2020.

32. Yang,].;Li, S.; Wang, Z.; Dong, H.; Wang, J.; Tang, S. Using Deep Learning to Detect Defects in Manufacturing: A Comprehensive
Survey and Current Challenges. Materials 2020, 13. doi:10.3390/ma13245755.

33. Shi, K; Wang, J.; Zhong, S.; Tang, Y.; Cheng, J. Non-fragile memory filtering of T-S fuzzy delayed neural networks based
on switched fuzzy sampled-data control. Fuzzy Sets and Systems 2020, 394, 40 — 64. Neurofuzzy Systems and Learning,
doi:https:/ /doi.org/10.1016/j.fss.2019.09.001.

34. Farmani, A.; Soroosh, M.; Mozaffari, M.H.; Daghooghi, T. Optical nanosensors for cancer and virus detections. In Nanosensors for
Smart Cities; Elsevier, 2020; pp. 419-432.


https://doi.org/10.3390/ma13245755
https://doi.org/https://doi.org/10.1016/j.fss.2019.09.001
https://doi.org/10.20944/preprints202101.0483.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2021 d0i:10.20944/preprints202101.0483.v1

12 of 13

35. Farmani, A.; Mir, A. Nanosensors for street-lighting system. In Nanosensors for Smart Cities; Elsevier, 2020; pp. 209-225.

36. Lin,J.; Hu,].; Wang, W,; Liu, K.; Zhou, C.; Liu, Z.; Kong, S.; Lin, S.; Deng, Y.; Guo, Z. Thermo and light-responsive strategies of
smart titanium-containing composite material surface for enhancing bacterially anti-adhesive property. Chemical Engineering
Journal 2021, 407, 125783. doi:https://doi.org/10.1016/j.cej.2020.125783.

37. Hu,]J;Lin,],; Zhang, Y.; Lin, Z; Qiao, Z.; Liu, Z.; Yang, W.; Liu, X.; Dong, M.; Guo, Z. A new anti-biofilm strategy of enabling
arbitrary surfaces of materials and devices with robust bacterial anti-adhesion via a spraying modified microsphere method. J.
Mater. Chem. A 2019, 7, 26039-26052. do0i:10.1039/C9TA07236E.

38. Lin,J.; Cai, X;; Liu, Z,; Liu, N.; Xie, M.; Zhou, B.; Wang, H.; Guo, Z. Anti-liquid-Interfering and Bacterially Antiadhesive Strategy
for Highly Stretchable and Ultrasensitive Strain Sensors Based on Cassie-Baxter Wetting State. Advanced Functional Materials 2020,
30, 2000398, [https:/ /onlinelibrary.wiley.com/doi/pdf/10.1002 /adfm.202000398]. doi:https://doi.org/10.1002/adfm.202000398.

39. Hamzavi-Zarghani, Z.; Yahaghi, A.; Matekovits, L.; Farmani, A. Tunable mantle cloaking utilizing graphene metasurface for
terahertz sensing applications. Optics Express 2019, 27, 34824-34837.

40. Amoosoltani, N.; Zarifkar, A.; Farmani, A. Particle swarm optimization and finite-difference time-domain (PSO/FDTD)
algorithms for a surface plasmon resonance-based gas sensor. Journal of Computational Electronics 2019, 18, 1354-1364.

41. Lv, Z; Kumar, N. Software defined solutions for sensors in 6G/IoE. Computer Communications 2020, 153, 42 — 47.
doi:https://doi.org/10.1016 /j.comcom.2020.01.060.

42. Cao, B.; Zhao, J.; Gu, Y;; Fan, S.; Yang, P. Security-Aware Industrial Wireless Sensor Network Deployment Optimization. IEEE
Transactions on Industrial Informatics 2020, 16, 5309-5316. doi:10.1109/TI1.2019.2961340.

43. Zou, Q.; Xing, P.; Wei, L.; Liu, B. Gene2vec: gene subsequence embedding for prediction of mammalian N6-methyladenosine
sites from mRNA. rna 2019, 25, 205-218.

44. Zhong, PF; Lin, HM.; Wang, LW.; Mo, Z.Y,; Meng, X.J.; Tang, H.T.; Pan, Y.M. Electrochemically enabled synthesis of sulfide
imidazopyridines via a radical cyclization cascade. Green Chemistry 2020, 22, 6334—6339.

45. Liu, G.; Ren, G.; Zhao, L.; Cheng, L.; Wang, C.; Sun, B. Antibacterial activity and mechanism of bifidocin A against Listeria
monocytogenes. Food Control 2017, 73, 854-861.

46. Cui, D,; Li, ].; Zhang, X.; Zhang, L.; Chang, H.; Wang, Q. Pyrolysis temperature effect on compositions of basic nitrogen species in
Huadian shale oil using positive-ion ESI FT-ICR MS and GC-NCD. Journal of Analytical and Applied Pyrolysis, 153, 104980.

47. Wang, Q.; Liu, B.; Wang, Z. Investigation of heat transfer mechanisms among particles in horizontal rotary retorts. Powder
Technology 2020.

48. Li, X.; Zhang, R.; Zhang, X.; Zhu, P; Yao, T. Silver-Catalyzed Decarboxylative Allylation of Difluoroarylacetic Acids with Allyl
Sulfones in Water. Chemistry—An Asian Journal 2020, 15, 1175-1179.

49. Ghodrati, M.; Farmani, A.; Mir, A. Nanoscale sensor-based tunneling carbon nanotube transistor for toxic gases detection: a
first-principle study. IEEE Sensors Journal 2019, 19, 7373-7377.

50. Farmani, A.; Mir, A. Graphene sensor based on surface plasmon resonance for optical scanning. IEEE Photonics Technology Letters
2019, 31, 643-646.

51. Nejad, H.E.; Mir, A.; Farmani, A. Supersensitive and tunable nano-biosensor for cancer detection. IEEE Sensors Journal 2019,
19, 4874-4881.

52. Zhang, B, Ji, D,; Fang, D.; Liang, S.; Fan, Y.; Chen, X. A novel 220-GHz GaN diode on-chip tripler with high driven power. IEEE
Electron Device Letters 2019, 40, 780-783.

53. Liu, Y; Zhang, B,; Feng, Y,; Lv, X,; Ji, D.; Niu, Z.; Yang, Y.; Zhao, X.; Fan, Y. Development of 340-GHz Transceiver Front End Based
on GaAs Monolithic Integration Technology for THz Active Imaging Array. Applied Sciences 2020, 10, 7924.

54. Zhang, B.; Niu, Z.; Wang, J.; Ji, D.; Zhou, T.; Liu, Y.; Feng, Y.; Hu, Y.; Zhang, J.; Fan, Y. Four-hundred gigahertz broadband
multi-branch waveguide coupler. IET Microwaves, Antennas & Propagation 2020.

55. Niu, Z.; Zhang, B.; Wang, J.; Liu, K.; Chen, Z.; Yang, K.; Zhou, Z.; Fan, Y.; Zhang, Y.; Ji, D.; others. The research on 220GHz
multicarrier high-speed communication system. China Communications 2020, 17, 131-139.

56. Niu, Z.; Zhang, B.; Zhou, Z.; Lixin, A.; Wang, Y.; Chen, X.; He, Y.; Hu, Y.; Chen, X.; Zhang, ]. A 400 GHz Broadband Multi-Branch
Waveguide Coupler. 2019 12th UK-Europe-China Workshop on Millimeter Waves and Terahertz Technologies (UCMMT). IEEE,
2019, pp- 1-2.

57. Hu,].; Zhang, H.; Liu, L.; Zhu, X.; Zhao, C.; Pan, Q. Convergent Multiagent Formation Control With Collision Avoidance. IEEE
Transactions on Robotics 2020, 36, 1805-1818.

58. Hu,].; Zhang, H,; Li, Z.; Zhao, C.; Xu, Z.; Pan, Q. Object traversing by monocular UAV in outdoor environment. Asian Journal of
Control 2020.

59. Farmani, A. Three-dimensional FDTD analysis of a nanostructured plasmonic sensor in the near-infrared range. JOSA B 2019,
36, 401-407.

60. Bagqir, M.; Farmani, A.; Fatima, T.; Raza, M.; Shaukat, S.; Mir, A. Nanoscale, tunable, and highly sensitive biosensor utilizing
hyperbolic metamaterials in the near-infrared range. Applied optics 2018, 57, 9447-9454.

61. Wang, X.; Wang, J.; Sun, X.; Wei, S.; Cui, L.; Yang, W.; Liu, J. Hierarchical coral-like NiMoS nanohybrids as highly efficient
bifunctional electrocatalysts for overall urea electrolysis. Nano Research 2018, 11, 988-996.

62. Farmani, A.; Mir, A.; Bazgir, M.; Zarrabi, FB. Highly sensitive nano-scale plasmonic biosensor utilizing Fano resonance
metasurface in THz range: numerical study. Physica E: Low-dimensional Systems and Nanostructures 2018, 104, 233-240.


https://doi.org/https://doi.org/10.1016/j.cej.2020.125783
https://doi.org/10.1039/C9TA07236E
http://xxx.lanl.gov/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/adfm.202000398
https://doi.org/https://doi.org/10.1002/adfm.202000398
https://doi.org/https://doi.org/10.1016/j.comcom.2020.01.060
https://doi.org/10.1109/TII.2019.2961340
https://doi.org/10.20944/preprints202101.0483.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 January 2021 d0i:10.20944/preprints202101.0483.v1

13 of 13

63. Zhu,S.; Wang, X.; Zheng, Z.; Zhao, X.E.; Bai, Y.; Liu, H. Synchronous measuring of triptolide changes in rat brain and blood and
its application to a comparative pharmacokinetic study in normal and Alzheimer’s disease rats. Journal of Pharmaceutical and
Biomedical Analysis 2020, p. 113263.

64. Zhu, S.; Zheng, Z.; Peng, H.; Sun, J.; Zhao, X.E.; Liu, H. Quadruplex stable isotope derivatization strategy for the determination of
panaxadiol and panaxatriol in foodstuffs and medicinal materials using ultra high performance liquid chromatography tandem
mass spectrometry. Journal of Chromatography A 2020, 1616, 460794.

65. Wei, Z.; Chen, W.; Wang, Z.; Li, N.; Zhang, P.; Zhang, M.; Zhao, L.; Qiang, Q. High-temperature persistent luminescence and
visual dual-emitting optical temperature sensing in self-activated CaNb206: Tb3+ phosphor. Journal of the American Ceramic
Society, n/a, [https:/ /ceramics.onlinelibrary.wiley.com/doi/pdf/10.1111/jace.17579]. doi:https://doi.org/10.1111/jace.17579.

66. Ju, Y, Shen, T.; Wang, D. Bonding behavior between reactive powder concrete and normal strength concrete. Construction and
Building Materials 2020, 242, 118024. doi:https://doi.org/10.1016/j.conbuildmat.2020.118024.

67. Farmani, A.; Miri, M.; Sheikhi, M.H. Design of a high extinction ratio tunable graphene on white graphene polarizer. IEEE
Photonics Technology Letters 2017, 30, 153-156.

68. Farmani, A.; Zarifkar, A.; Sheikhi, M.H.; Miri, M. Design of a tunable graphene plasmonic-on-white graphene switch at infrared
range. Superlattices and Microstructures 2017, 112, 404-414.

69. Farmani, A.; Miri, M.; Sheikhi, M.H. Analytical modeling of highly tunable giant lateral shift in total reflection of light beams
from a graphene containing structure. Optics Communications 2017, 391, 68-76.

70. Liu, Y;; Zhang, Q.; Xu, M.; Yuan, H.; Chen, Y.; Zhang, J.; Luo, K.; Zhang, J.; You, B. Novel and efficient synthesis of Ag-ZnO
nanoparticles for the sunlight-induced photocatalytic degradation. Applied Surface Science 2019, 476, 632-640.

71.  Zhu, W,; Deng, M.; Chen, D.; Zhang, Z.; Chai, W.; Chen, D.; Xi, H.; Zhang, ].; Zhang, C.; Hao, Y. Dual-phase CsPbCl3-Cs4PbCl6
perovskite films for self-powered, visible-blind UV photodetectors with fast response. ACS Applied Materials & Interfaces 2020,
12, 32961-32969.

72.  Wang, P; Zhang, X.; Duan, W.; Teng, W.; Liu, Y.; Xie, Q. Superhydrophobic flexible supercapacitors formed by integrating
hydrogel with functional carbon nanomaterials. Chinese Journal of Chemistry.

73. Jia, Q. Huang, S.; Hu, M.; Song, Y.; Wang, M.; Zhang, Z.; He, L. Polyoxometalate-derived MoS2 nanosheets embedded
around iron-hydroxide nanorods as the platform for sensitively determining miRNA-21. Sensors and Actuators B: Chemical 2020,
323, 128647.

74. Zhang, Y.; Xu, C.; Chen, P; Nahas, Y.; Prokhorenko, S.; Bellaiche, L. Emergence of skyrmionium in a two-dimensional
CrGe(Se, Te), Janus monolayer. Phys. Rev. B 2020, 102, 241107. doi:10.1103/PhysRevB.102.241107.

75. Zhang, E; Zhou, Y.; Zhang, Y.; Li, D.; Huang, Z. Facile synthesis of sulfur@titanium carbide Mxene as high performance cathode
for lithium-sulfur batteries. Nanophotonics 01 Jul. 2020, 9, 2025 — 2032. doi:https://doi.org/10.1515/nanoph-2019-0568.

76. Wang, Y.; Yao, M.; Ma, R;; Yuan, Q.; Yang, D.; Cui, B.; Ma, C.; Liu, M.; Hu, D. Design strategy of barium titanate/polyvinylidene
fluoride-based nanocomposite films for high energy storage. Journal of Materials Chemistry A 2020, 8, 884-917.

77.  Chen, C; Wang, X.; Wang, Y.; Yang, D.; Yao, F.; Zhang, W.; Wang, B.; Sewvandi, G.A.; Yang, D.; Hu, D. Additive Manufacturing of
Piezoelectric Materials. Advanced Functional Materials 2020, 30, 2005141.

78. Li, X;; Feng, Y.; Liu, B.; Yi, D.; Yang, X.; Zhang, W.; Chen, G,; Liu, Y.; Bai, P. Influence of NbC particles on microstructure and
mechanical properties of AICoCrFeNi high-entropy alloy coatings prepared by laser cladding. Journal of Alloys and Compounds
2019, 788, 485-494.

79. Chen, S.; Hassanzadeh-Aghdam, M.; Ansari, R. An analytical model for elastic modulus calculation of SiC whisker-reinforced
hybrid metal matrix nanocomposite containing SiC nanoparticles. Journal of Alloys and Compounds 2018, 767, 632 — 641.
doi:https:/ /doi.org/10.1016/j.jallcom.2018.07.102.

80. Wang, P; Yao, T,; Li, Z.; Wei, W.; Xie, Q.; Duan, W.; Han, H. A superhydrophobic/electrothermal synergistically anti-icing strategy
based on graphene composite. Composites Science and Technology 2020, 198, 108307.

81. Liu, Y; Xu, T,; Liu, Y,; Gao, Y.; Di, C. Wear and heat shock resistance of Ni-WC coating on mould copper plate fabricated by laser.
Journal of Materials Research and Technology 2020, 9, 8283-8288.

82. Zhong-qian NIU, Bo ZHANG, D.t.L.D.£].YLYn.FET.c.ZYh.ZYF. A mechanical reliability study of 3 dB waveguide hybrid
couplers in the submillimeter and terahertz band. Journal of Zhejiang University SCIENCE C 2020.

83. Lina Jia, Bitao Liu, YZW.C.D.M.JEYW.W.X.L.Z. Structure design of MoS2@Mo2C on nitrogen-doped carbon for enhanced
alkaline hydrogen evolution reaction. Journal of Materials Science 2020.

84. Seo, SW.; Azmand, H.R.; Enemuo, A.N. Hollow core waveguide sensor array based on a macroporous silicon membrane
structure. Journal of Lightwave Technology 2019, 37, 2036—2041.

85. Song, Y.; Azmand, H.R,; Seo, S.W. Rapid photothermal actuation of light-addressable, arrayed hydrogel columns in a macroporous
silicon membrane. Sensors and Actuators A: Physical 2020, 301, 111729.


http://xxx.lanl.gov/abs/https://ceramics.onlinelibrary.wiley.com/doi/pdf/10.1111/jace.17579
https://doi.org/https://doi.org/10.1111/jace.17579
https://doi.org/https://doi.org/10.1016/j.conbuildmat.2020.118024
https://doi.org/10.1103/PhysRevB.102.241107
https://doi.org/https://doi.org/10.1515/nanoph-2019-0568
https://doi.org/https://doi.org/10.1016/j.jallcom.2018.07.102
https://doi.org/10.20944/preprints202101.0483.v1

	Introduction
	Optical Biosensor
	Fiber Optical Biosensor
	Interferometric Biosensors
	Ellipsometric biosensor
	Reflectometric interference spectroscopy (RIFS)
	Surface Enhanced Raman scattering 
	Plasmonic immune sensors 
	Different grating configuration used for SPR
	Plasmonic Grating based Biochemical sensors
	Application of Plasmonic Optical Fiber Grating

	SPR Biosensors
	Localized Surface Plasmons

	Different Effective Parameters
	Plasmonics Metamaterial
	Advances in sensing platform
	Advances in bio discriminate target
	Application of SPR Biosensor

	Conclusions
	References

