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Abstract The propagating surface plasmons on Ag nano-
wires (NW) have been investigated for over 10 years and
which were interpreted with basic modes combining and
hybridisation. Since the high confinement of the electromag-
netic energy, the Ag NW-based surface plasmonics have been
considered as one of the most potential ways to construct next-
generation devices working with the light to overcome the
speed limit of electronics. A lot of basic plasmonic NW com-
ponents have already been developed. In this review paper, we
focus on NWplasmonic waveguides based on the principles of
propagating plasmon, plasmonic components and devices. The
fundamental mechanism, the excitation, the propagation and
the emission are discussed in detail. Based on these properties,
we introduced their applications in nanophotonic devices.

Keywords Surface plasmon polaritons . Integrated
nanoplasmonic devices

Introduction

The rapid developments of semiconductor integrated circuits
and modern electronic integrated devices are approaching
their fundamental limits in both speed and data transmission
rate (DTR) [1]. One of the promising solutions to this problem
is using light instead of electronics as functional processing
components [2]. Nevertheless, the feasibility of fabricating
nanoscale photonic devices may be hampered because the
diffraction limit of light is dominant when the size of a pho-
tonic device is close to or smaller than the wavelength of light
in that material. Surface plasmon polaritons (SPPs), in which
an electromagnetic wave is coupled to the oscillation of free
electrons at the metal dielectric interface, can circumvent the
diffraction limit and achieve the localisation of electromagnet-
ic energy in the nano-scale region, which is much smaller than
the wavelengths of light in the material [3]. The electromag-
netic field perpendicular to the metal dielectric interface de-
cays exponentially with the distance from the metal surface
while maintaining the long-range propagation of electromag-
netic energy along the surface. This essential feature of SPPs
enables the fabrication of photonic components, optical signal
processing devices and sensitive detectors at the sub-
wavelength scale.

SPPs include localised and propagating types, which are
called localised surface plasmons (SPs) [4–12] and propagat-
ing SPPs [13–17], respectively. For the purpose of optical
signal transportation and nanophotonic circuits, only PSPPs
will be addressed in this review and are thus referred to as
SPPs in the following content. Chemically synthesised metal
nanowires (NWs) with smooth surfaces and few defects are
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promising candidates for nanoscale SPP-based interconnects
and nanophotonic circuits. In 2000, SPPs propagating in
chemically synthesised gold NW waveguides [18] have been
observed by Dickson for the first time, which opened the door
for the investigation of NW-related SPP propagation proper-
ties and their potential application in integrated nanophotonic
circuits and devices. Recently, simple plasmonic circuits com-
posed of nanogaps on metal surfaces have been realised
(Fig. 1a–c) [19–21]. The progresses SPPs wave circuit based
on the other waveguides based on nanowire waveguide have
also been reported, such as ‘V’ shape waveguide, slit
waveguide. These studies about nanowire waveguide
have been performed, such as the spectral splitting with
nano-corrugation grating with different periodicities on nano-
wires [22], the double-nanowire systems [22–29]. However,
the advantages of nanogaps and NWs still need to be further
investigated.

In this progress report, we focus on the unique properties of
SPPs in metal NW systems and their applications resulting
from their long-range propagation of electromagnetic energy
under the diffraction limit, which is essential for the develop-
ment of new-generation nanophotonic devices and circuits.
The content is organised as follows: in part II, we discuss
controllable synthesis of Ag NWs and the advantages of the
polyol process method; in part III, characterisation of propa-
gating SPP in Ag NW waveguide is discussed in detail, in-
cluding SPP modes of Ag NW by one end excitation, propa-
gation and energy attenuation of SPP in Ag NWand emission
of propagating SPP on one end; and in part IV, we provide a
detailed review of recent progress of SPP-based circuits and
devices, including components for plasmonic nanochip. The
main components of plasmonic nanochip that we reviewed are
plasmonic routers, SPP-based logic gates, SPP-based switch,
SPP based repeater, plasmonic Mach-Zehnder Interferometer

(a) (b)

(c)

Fig. 1 a Plasmonic circuit composed of nanogaps [19]. b Plasmonic circuit composed of nanogaps and quantumwell as a light source [20]. c Plasmonic
gates composed of nanostrips [21]
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(MZI) and electrical detection of SPP. Lastly, a summary and
perspective is given at the end of this review.

Propagation and Energy Attenuation of SPP in Ag
NW

In Homogeneous Medium

Because of the phase delay of π/2 between the m=1
and m=−1 SPP modes, a circularly polarised component
electric field is formed on the wire (Fig. 2). We know
that there is a small wave vector difference between the
m=0 mode and m=±1 modes, which forms a beating
effect with the m=0 field and the circular components
of the m=±1 field. The beating effect is a helical SPP
wave on the NW surface with all three modes. When
the illuminating light is only along the wire, the m=1
mode cannot be excited, and the helical SPP wave de-
generates to a pure beating wave with the m=−1 and
m=0 modes. A larger helical period can be generated
on a thicker NW because the propagation constant for
the m=±1 SPP modes increase and for the m=0 SPP
mode decreases [28, 29], thus increasing the beating period
(Fig. 2c). If the NWs are thin enough, the m=±1 modes decay
very fast and then the helix behaviour disappears. For very
thick NWs, the helix plasmonic waveguide will be
countermanded by higher order SPP modes (m≥2).

On Substrates

Although the components can be constructed in a homoge-
neous medium, substrates with different dielectric functions
are still needed in many cases, such as adapting with a tradi-
tional silicon circuit [31, 32]. When the wire is on a dielectric
substrate, the coupling between the image charge induced on
the substrate and the wire will dramatically change the modes
of the wire (Fig. 3a–c) [33]. Figure 3b shows schematically
how the primary wire plasmons interact via the dielectric sub-
strate underneath. The different primary modes interact pre-
dominantly through the substrate and evolve into the new H0,
H1 and H2 modes according to the plasmon hybrid theory.
When excited by a focus laser at the NW terminal, the H0

and H2 modes can be launched if the incident electric field is
polarised parallel to the NW axis, whereas the H1 can be ex-
cited for perpendicular incident polarisation. Thus, the modes
of the wire on the substrate are no longer perfect helical SPPs.

When light is converted into the SPP mode on the metal and
dielectric interface, it propagates along the surface and will
gradually attenuate, arising from its absorption by the metal
and energy leaking into the substrate. The propagation and
decay of SPPs on metal NW can be expressed as follows [32]:

Ie ¼ I0e
−L=r Dð Þ ð6Þ

where I0 is the intensity of incident light, L is the length of the
NW,C is the coupling coefficient of light coupled to SPPs,D is
the diameter of the NW and r(D) is the 1/e PSPP damping
length. The change in the coupling efficiency is determined
by the shape of the incident light and the interaction with the
substrate. Ditlbacher et al. investigated the surface plasmon
modes in chemically prepared Ag NW and found that these
modes were not radiation damped, resulting in unexpectedly
large propagation lengths [10]. Because of the strongly bound
character of surface plasmon fields, direct imaging of a surface
plasmon field along NW can only be achieved by the near-field
technique, such as SNOM (scanning near-field optical micros-
copy). The SNOM image in Fig. 3 demonstrates themodulation
of surface plasmons in the near field along the NW due to the
plasmon reflection at the distal wire end face. They also found
that optically excited Ag NWs can be taken as Fabry-Perot
resonators with approximately 25 % reflectivity when 785 nm
of light was employed for the excitation. The wavelength of
these non-radiating surface plasmon modes was shortened to
approximately half the value of the excitation light. In their
work, the SPP propagation length became as large as 10 μm
when a 785-nm laser was used.

Energy Attenuation on Bent Wire

The bent NW should be noted as the fundamental structure for
constructing NW networks and plasmonic circuits. Therefore,

Fig. 2 a Surface charge density of a chiral SPP on an Ag NW. b The
power of the time-average in the y-z plane at different positions in the Ag
NW. The white arrows represent the rotation of energy propagating along
the Ag NW. c Dispersion relationships of the beating period vs. wire
radius [30]
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it is essential to study bending loss in the bent NW plasmonic
waveguide. The bending loss resulting from the bent area of
the metallic NW waveguides is a critical factor that limits the
performance of SPP-related optical integrated devices. This
radiative energy loss, referred to as bending loss, occurs in
the curved NW, where the symmetry in the geometry is bro-
ken and propagating plasmon modes can be coupled to the
free space photons. This process can also be understood by
considering that the momentum of kspp was changed by bend-
ing, and the changed partΔkspp was compensated by the mo-
mentum of light radiation. Wang et al. reported the character-
isation of pure bending loss in a curved crystalline Ag NW
waveguide by decoupling the energy loss caused by bending
and propagation [34]. The bending loss of SPP propagation in
Ag NW has been investigated, where the bending radius
ranges from 5 to 32 μm (Fig. 4). The energy loss increases
dramatically when the bending radius of NWs decreases. The
energy attenuation coefficient (due purely to bending) exhib-
ited an exponential relationship with the bending radius, as
shown in Fig. 4c. It is insightful for future SPP-based photonic
circuits and devices to quantitatively and qualitatively inves-
tigate bending loss in an Ag NW waveguide.

Characterisation of Plasmon Group Velocity in Ag NW

Apart from the supported propagating SPP modes in the Ag
NW mentioned above, another key factor for the design of
plasmonic nanocircuits is the propagation speed of SPP,
especially for applications in SPP-based optical communi-
cation, which represents the bits of information. Wild et al.

determined the group velocity in metal NWs by the mea-
sures of the spectrum of emitting light at the end of the NW
with a coherent white-light source for the plasmon excita-
tion [35]. Strong oscillations as a function of frequency
were observed in the output transmission spectra. They at-
tributed these oscillations to far-field interference between
the incident light that scattered from the input end of the
NW and the light emitting from the output. Rewitz et al.
showed that plasmons propagate in Ag NWs in the form of
ultrashort pulses, which can be characterised by far-field
spectral interferometry [36]. They used a linear polarised
femtosecond laser pulse to excite SPP at one end of an Ag
NW. The excited plasmon pulse propagated with a type of
group velocity along the NWand became coupled to a free-
space propagating pulse at the other end of the NW. The
emission signal was superimposed on a reference pulse at
the fixed time delay τ, and the outcoming signal was detect-
ed by a spectrometer. They found the plasmon group velo-
city with a pronounced dependence on the NW diameter, as
shown in Fig. 5. In contrast, there was no obvious depen-
dence on the NW length. The plasmon group velocity de-
creased drastically for NW diameters below 100 nm and
was saturated for larger NW diameters. In addition, they
found a strong dependence of the plasmonic group velocity
on the local NW environment, where the plasmonic propa-
gation speed was approximately 25 % faster when the upper
half space was filled with index-matched oil rather than air.
This result is valuable for designing and implementing a
signal that can be processed in SPP-based nanophotonic
devices.

(a) (b) (c)

(d)

Fig. 3 a Dispersion relationships
for three lowest order modes in
the Ag NW (R=100 nm) in and
on the glass substrate. b
Substrate-induced hybridisation
of the NW plasmons. c
Simulation of the charge and
power distributions of three
hybridised modes in the Ag NW
on the substrate of glass. d SNOM
image of SPP propagation along
an Ag NW under optical
excitation. And a 2-μm long
cross-cut along the chain, which
was represented by the dotted line
in (d) [31]
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Emission of Propagating SPP on One End

Emission Angle

When the propagating SPPs come to the other terminal of the
wire, they will be scattered by the end and emit light. If it is in
a homogeneous medium, the light will emit directionally with
an angle of 45∼60° with the wire axis due to the standingwave
antenna formed by the Fabry-Pérot resonances of the forward-
propagating plasmons and back-propagating plasmons
(Fig. 6a–d) [37, 38]. If the wire is on a substrate, then as the
substrate modifies the modes, more energy will be confined in
the gap of the wire and the substrate with the wave vector
than in the air. When the SPPs come to the end of the
wire, to match the momentum, the light will leak into
the substrate with a critical angle corresponding to the SPP
wave vector (Fig. 6e, f) [39].

Polarisation

For a cylindrical wire in the homogenous medium, because of
the helix propagation of the SPPs described before, the light
will be emitted from the other end with circular polarisation
(Fig. 7a, b) [30]. However, in the proposed studies, the
polarisation of emission light is usually measured under a
microscope, where the sight is normal to the substrate and
the wire terminal is not regular. As previously analysed, the
shape of the illuminating terminal will affect the excited
amplitude of the three basic modes; meanwhile, the m=±1
modes have bigger propagating losses than the m=0 mode.
When the SPPs meet the other terminal of the wire, they
will be scattered by the terminal. The amplitudes and rela-
tive phases between modes can be determined by the shape
of the other terminal; hence, the emission polarisation
changes depend on the wire terminations. With proper cut-
ting of the terminal, one could control the polarisation of
emitted light following the polarisation of the illuminated
light (Fig. 7c–e) [40].

Symmetry breaking has been proposed to play an impor-
tant role in the conversion of SPP modes. Pan et al. [41]
experimentally investigated three types of structures based
on NW, including bent NW, branched NW and particle-NW
structures. They found that the mode conversions originated
from the symmetry change of the wave front resulting from
the symmetry breaking in the structure. This local structural
symmetry breaking can be obtained by introducing a nanopar-
ticle, another NW or the bending NW. By theoretically
analysing the modes supported in the NW, they found that
the occurrence of mode conversions in the NWs with struc-
tural symmetry breaking can be attributed to the symmetry of
the modes, such as TM0 and HE1. This mode conversion
effect can be applied to control the plasmon propagation be-
haviour in plasmonic-based nanophotonic devices.

Fig. 5 The group velocity of SPP as a function of the total NW diameter
with corrosion layers of different thicknesses [36]

(a) (b)

(c)

Fig. 4 a Optical image showing the bending process of the Ag NW; its
diameter is 750 nm and length is 45 μm. b Dark-field optical images in
the process of corresponding bending. c Pure bending loss as a function of
bending radius (expressed in dB) [34]
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(a) (b)

(c) (d)

(e)

(f)

Fig. 6 a The calculated
distribution of Poynting intensity
around the NW. b Theoretical
calculations of the emission
intensity as the function of the
angles φ and θ after the far-field
transformation [37]. c The
simulated amplitude of the
electric field emitted when a
dipole (blue circle) is placed
25 nm away from one end of the
NW. d Amplitude of the light-
scattered Poynting vector from
the far end of the NW as a
function of θ for NWs with
different diameters [38]. e Optical
image from the leaky radiation in
the substrate and the Fourier
image. f Emission intensity as a
function of the spherical angle θ
[39]

(a) (c)

(b) (d) (e)

Fig. 7 a Circular polarisation
degree C in the vertical plane at
200 nm, which is beyond the
output end of a NW. The black
dot circle indicates the cross-
section of the NW. b Circular
polarisation degree C as a
function of the incident
polarisation angle θ. c The
emitted intensity as a function of
polariser rotation angle θ at
different incident polarisations α.
d Polarisation of emitted light as a
function of the incident
polarisation α. e The maximum
emission intensity at the end of
the NW as a function of the
incident polarisation angle α
[28, 29, 40]
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SPP-Based Circuits and Devices

We have already introduced the fundamental mechanism of
PSPPs on NWs. Many devices have been realised based on or
related to these properties. In the following, we can see that
almost all of the basic analogic or digital components and
other necessary devices composing a complex functional cir-
cuit have already been realised. These devices include the
NW-based plasmonic router, repeater, ADD and NOR
GATE, triple GATE control switch, photon-electric conver-
sion and other useful devices, such as the Mach-Zehnder
Interferometer. These plasmonic components are analogous
to traditional electronic devices. The advantage of the inclu-
sion of these components is that all of the principles of elec-
tronics can be directly used to construct the plasmonic circuit
without developing new theory quantum computation.

Plasmonic Routers

Nomatter for a pure plasmonic chip or an integrated chip with
both electronic and plasmonic components, a router is

necessary for a BUS in signal exchange. In an electronic
BUS, parallel data exchange needs one wire for each bit,
whereas in a plasmonic wire data exchange, only one wire is
needed for parallel transferring because one wire can support
different wavelengths of light simultaneously and be manipu-
lated independently, which makes it a very good candidate for
router in a plasmonic circuit. As described previously, the SPPs
propagating on metal wire in a homogeneous medium have a
helix Poynting vector. Thus, if another wire or particle was
placed close to the wire where the amplitude of SPPs is very
large, then light will be emitted from the defect. Otherwise, if it
is placed where the amplitude of the SPPs is at its minimum,
then little energy can be coupled out. As the helix is a beating
effect of the m=0 and m=±1 modes, different excitation light
frequencies will change the beating period, and the illumina-
ting polarisation will change the peak position of the beating
helix. Using this principle, a nanoplasmonic router was de-
signed in Fang’s work, as shown in Fig. 8 [42]. For a branched
wire structure, a laser can be used to illuminate one end of the
NW by varying the illuminating polarisation, and the light can
be controlled to be emitted from end 2 or 3. Moreover, if two

(a)

(b) (c)

(d)

Fig. 8 aOptical image of a silver
nanobranch excited by a 633-nm
wavelength laser. The red arrow
represents the incident
polarisation. The inset is the SEM
image of the nanobranch and the
junction, where the scale bars are
2 μm and 200 nm, respectively. θ
is the rotation angle of the
incident polarisation. b, c
Emission intensity from branch
ends 2 (black) and 3 (red) as a
function of incident polarisation
angle for 633 and 785-nm
wavelength excitation,
respectively. d The spectra
collected from wire end 2 (upper
curves) and 3 (lower curves). The
polarisation of the incident light is
40° [42]
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lasers with different wavelengths of 633 and 785 nm were
focused at the same end of the structure, followed by rotation
of the polariser, then the 633-nm laser will come out mainly
from end 2 and 785-nm laser mainly from end 3. Such a router,
which supports multi-wavelength modes, meets the require-
ment of transferring parallel data using only one wire.

SPP-Based Logic Gates

As a core part of a plasmonic-based integrated circuit, the
fundamental elementary logic gates for processing data are
very essential. Whether these logic gates can be fabricated or
not will directly influence the final realisation of a nanochip.
Wei et al. [43, 44] demonstrated the possibility of fabricating
these Boolean logic gates. Branched Ag NW structures were
adopted as shown in Fig. 9a. There are two input terminals,
which were denoted as I1 and I2, and one output terminal,
which was denoted as O. One laser beam was branched into
two beams and illuminated at I1 and I2 to excite the SPP
modes in the NW. The phase difference between two excita-
tion beams can be manipulated by the Babinet-Soleil
Compensator. The emission intensity at output end O oscillat-
ed between a minimum and maximum value when the relative
phase difference increased monotonically, which can be seen
in Fig. 9b. The dynamic range for the ratio of maximum to

minimum intensity at O is larger than 10, which can enable
the maximum and minimum output intensities to be denot-
ed as the ‘ON’ and ‘OFF’ states, respectively. This provides a
convenient way to achieve logic gates in nanophotonic cir-
cuits. Based on that work, they constructed cascaded logic
gates in nanophotonic plasmon networks [44], as shown in
Fig. 9c. There are two cascaded branches that work as NOT
and OR gates, respectively; hence, the function of the output
end corresponds to a NOR gate. This result paves the way for
developing a novel nanophotonic on-chip processor.

SPP-Based Switch

To complete an optical nanochip, a switch at nanometer scale is
essential for enabling or disabling the function of a component
and controlling the off or on of the signal. Conventional optical
switches are excluded due to their large physical size, which is
incompatible with the nanochip. A traditional CMOS transistor-
based electronic switch is too slow for the plasmonic circuit and
would make the circuit no different from traditional electronics.
Thus, a new type of switch is required. Based on local nonlinear
metal-insulator-metal (MIM) plasmonic Mach-Zehnder
Interferometer (MZI) waveguides, Wu et al. [45] proposed an
all optical switch (Fig. 10a, b). The local Kerr type nonlinear
MIM plasmonic MZI waveguide can be applied in the
switching structure due to its large third-order nonlinear suscep-
tibility and its ultrafast response properties. By properly fixing
the power of the input signal and changing the controlling pow-
er, the switching effect can be shown by the output signal beam.
Ming et al. [46] have proposed a resonance-coupling-based
plasmonic switch. It is composed of a single gold nanorod
and a surrounding photochromic dye (Fig. 10c–g). The whole
component is less than 100 nm. It is controlled byUV light. The
modulation depth of the plasmonic switch reaches as high as
7.2 dB. The estimated laser power and required energy to op-
erate one single-nanorod plasmonic switch are ∼13 pW and
∼39 pJ, respectively. Another plasmonic switch is also realised
with the interfering of PSPPs based on phase control [47].

SPP-Based Repeater

Energy attenuation is always a problem, regardless of whether
it involves an electronic or plasmonic circuit. Even in the
simplest chips, a power supply is needed. Compared with
the gate voltage and current supply of the transistor
(converting signal between current and voltage), the signal
processed in a plasmonic circuit can be integrated with a re-
peater and switch because only propagated light intensity and
polarisation are needed for a signal. Such a repeater was
realised simply by using a quantum dot as a signal amplifying
material and shining excitation light on the wire. The realised
repeater can maintain the properties of the input signal.
Figure 11 shows CdSe nanobelt/Al2O3/Ag hybrid plasmonic

Fig. 9 a Optical image of the branched NW as one optical logic gate. b
Scattering intensity at the output end O, which is a function of the phase
delay between two incident beams. c, d Schematic of one NOR logic gate,
which is built by NOT gates (top) and cascaded OR, and optical image of
the Ag NW structure (bottom) [43, 44]
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(a) (b)

(c)
(d)

(e)

(f)

(g)

Fig. 10 Magnetic field
distribution of the signal light
with the switch a off and b on
[45]. Switching dynamics of the
Au nanorod. c Contour plot,
which shows the evolution of the
scattering spectra. d Scattering
spectra of an Au nanorod, which
are acquired when UV laser
illumination is off (black) and on
(red). e Scattering intensity
modulation depth with
wavelength. f Variation of the
wavelength of scattering peak
with time. g Variation of the
scattering intensity with time. The
scattering intensity is integrated
from 610 to 630 nm, which is
shown by the green shaded region
in (d) and (e) [46]

Fig. 11 a Schematic of a CdSe
NB/Al2O3/Ag hybridised
plasmonic waveguide in the
compensation mode considered
as a plasmonic repeater. b SEM
image of one NW structure. c
Optical images standing for the
probe signal of
photoluminescence with or
without the pump. d The time
trace of the output intensity at the
end of emission, which was
marked with the dashed circles in
(c). BK reveals dark counts from
the background. e–f Plots of the
polarisation of emission with the
input laser beam polarised at 0°
and 90°, respectively, and the
pump polarised at 0°. Symbols in
red, blue and green stand for the
polarisation of the emitted probe
signals, which are spontaneously
decayed SPs (excited by the pump
and total amplified signal) [48]
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waveguides, which allow for efficient broadband loss com-
pensation of propagating hybrid plasmonic signals with dif-
ferent polarisations by using the optical pump-probe tech-
nique [48]. Approximately 100 % of the propagation loss of
TM-dominant plasmonic signals can be compensated by
using the internal gain coefficient of 6755 cm−1 at the ambient
condition. By comparing with one similar nanophotonic struc-
ture, they attributed, at the low pump intensity, the fast-
increasing gain in the hybrid nanoplasmonic waveguides to
the transfer of ‘hot’ electrons of the pump light, which oc-
curred across the interface of the metal-oxide-semiconductor.
Based on this property, the plasmonic waveguide can perform
as a plasmonic repeater for amplifying the signals during
propagation.

Plasmonic Mach-Zehnder Interferometer

In addition to constructing a switch, MZI is also very impor-
tant in the plasmonic devices. It is very useful in self-
stabilising the circuit because many important parts utilise
the phase and polarisation interfering principle. The plasmon-
ic logic gates are very sensitive to the position where the wires
are connected due to the phase delays in the wire. In contrast
to simple research in the lab, where the phase or position of the
input light can be well controlled, in large-scale fabrication,
small mistakes will cause total failure of the whole circuit.
With MZI, the phase of the connection can be fine-tuned for

some components. These types of hybrid Mach-Zehnder
Interferometers, composed of a dielectric fibre and metal
NW or pure metal NWs, have been proposed as a sensing
application [49, 50], which is very useful in the plasmonic
circuit. As shown in Fig. 12a–c, the fringes with a free space
range can be theoretically given by the following:

FSR ¼ λ2= L1n1–L2n2ð Þ ð7Þ

Because of the favourable waveguiding properties of plas-
monic NW waveguides, such as tight confinement and field
enhancement, the NW MZI can provide significant potentials
for the ultracompact functional components and optical sen-
sors (Fig. 12d, e). The waveguiding properties of Ag NW for
plasmonic sensing in liquids are changed; thus, the plasmonic
MZI can be used to measure the phase shift introduced by the
index changes of the surroundings.

Summary

This progress report provides a comprehensive overview
of the basic mechanism of excitation, propagation, at-
tenuation and emission properties of PSPPs on metal
NWs. Furthermore, based on these properties of PSPP, we
have reviewed the nano-router, plasmonic gate, plasmonic

Fig. 12 a Schematic of one
hybrid MZI. b Optical
microscope image of MZI, which
was assembled using ZnO NW
with a 330-nm diameter and an
Ag NW with a 120-nm diameter
using an excitation source of
white light. The inset is a SEM
image of the coupling area. The
scale bar is 2 μm. c Transmission
spectrum obtained with a white
light source [49]. d Schematic of a
proposed sensor with an MZI.
e Dependence on change in
the propagation constant of Au
NWs on 1 M benzene in an
aqueous solution with different
NW diameters. The wavelength
of light used here is 660 nm [50]
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switch and plasmonic repeater, which are the components of
plasmonic circuits.

So the future of plasmonic devices is bright and on the way.
One topic to be addressed in the near future is single-photon
switching and routing, which may make the devices even
simpler as the light compensation is not necessary. It is also
possible that the plasmonic devices can be used in the quan-
tum computation systems.
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