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Abstract: A three-dimensional (3D) nanoscale optical
router is a much-desired component in 3D stacked optical
integrated circuits. However, existing 3D routers based on
dielectric configurations suffer from large footprints and
nanoscale routers based on plasmonic antennas only work
in a 2D in-plane scene. Here, we propose and experimentally
demonstrate cross-layered all-optical 3D routers with
nanoscale footprints. Optical slot antenna pairs are used to
realize the routing of plasmonic signals between different
layers for arbitrary direction in a broadband wavelength
range. The routers are also integrated with waveguide
directly for exploring further applications. Based on these
router elements, a 3D network of optical butterfly interconnection is demonstrated for multi-directional all-optical
data communication. The proposed configuration paves the
way for optical cross-layer routing on the nanoscale and
advances the research and applications for 3D plasmonic
circuits with high integration density in the future.
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*Corresponding author: Jiasen Zhang, State Key Laboratory for
Artiﬁcial Microstructures and Mesoscopic Physics, School of Physics,
Peking University, Beijing, 100871, China; and Peking University
Yangtze Delta Institute of Optoelectronics, Nantong, 226010, Jiangsu,
China, E-mail: jszhang@pku.edu.cn. https://orcid.org/0000-00020751-6697
Yi Xu, Axin He and Tongzhou Zhang, State Key Laboratory for Artificial
Microstructures and Mesoscopic Physics, School of Physics, Peking
University, Beijing, 100871, China, E-mail: xu_yi@pku.edu.cn (Y. Xu),
heaxin@pku.edu.cn (A. He), 1501110216@pku.edu.cn (T. Zhang)
Baowei Gao, Institute of Navigation and Control Technology, China
North Industries Group Corporation, Beijing, 100089, China,
E-mail: pkuphygbw@pku.edu.cn
Open Access. © 2021 Yi Xu et al., published by De Gruyter.
License.

With the explosive growth of information technology, threedimensional (3D) photonic integrated circuit architecture
needs to be developed owing to its capacity to improve
integration density and processing speed [1, 2]. This complex system is composed of vertically stacked layers integrated with functional components such as lasers [3–5],
detectors [6–8], and switching [9–12]. The involvement of
multi-stack layer conﬁgurations can increase the number of
on-chip devices and simultaneously decrease the cross-talk
between adjacent devices on the same layer. To realize these
integrated photonic circuits, chip-integrated and ultracompact 3D routers are needed for signal exchange
among the vertical layers. Conventionally, optical dielectric
waveguides are widely utilized for 3D layer-to-layer signal
routing [13–18]. However, all of these suffer from large
footprints and complicated conﬁgurations, which cannot
satisfy the practical requirements of dense integration.
Alternatively, surface plasmon polaritons (SPPs) with
strong subwavelength spatially conﬁned characteristics
allow for miniaturization of on-chip photonic devices in
nanoscale regions [19–24]. Intensive efforts have been
devoted to explore on-chip plasmonic nano-routers based
on plasmonic nanoantennas [25–28] or waveguide [29–34]
conﬁgurations. However, all these devices are only focused
on the routing signal in a 2D plane scene. The height of the
plasmonic nanoantennas in these devices is optically thin.
Thus, they are forced to behave as planer conﬁgurations
owing to strong cross-layer interaction. Ultra-compact 3D
interlayer plasmonic routers for multi-layer circuits are
challenging and in strong demand for multi-layer plasmonic circuits.
An optically thick metal film has intrinsic 3D characteristics because the SPPs propagating on the upper and
lower surfaces of the metal film are not coupled with each
other and they can realize different functions on demand.
The signals of the two surfaces need to be connected by 3D
routers. It is possible to implement 3D routing by controlling the launching and propagation direction of cross-layer
SPPs. Benefiting from the strong field confinement of SPPs,
the routers can be minimized to the nanoscale.
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In this study, we propose an ultra-compact 3D plasmonic router based on optical antenna pairs etched on a
200 nm Au ﬁlm. The SPP input signal is incident into the
antenna pairs, and the output signal is launched at the
adjacent surface. An L-shaped or rectangular antenna pair
is used to obtain the requisite propagation direction of the
output signal based on the control of the phase and intensity of the SPPs launched by the antennas. Direct
coupling between the router and the plasmonic waveguide
is demonstrated, which beneﬁts from the nanoscale size of
the router. Moreover, an optical 3D butterﬂy interconnection network is constructed by integrating two routers. The
proposed method provides an appealing way to control the
ﬂow of SPPs between different stacked layers and
demonstrate the feasibility of multi-level plasmonic networks for 3D photonic nanoscale integration.

2 Results and discussion
2.1 Schematic of the proposed 3D plasmonic
nano-router
The schematic of the proposed 3D optical router is depicted
in Figure 1(a), which is fabricated in an Au ﬁlm on a silica

substrate. The router connects SPP signals propagating at
the air–Au, and silica–Au interfaces. The input SPP signal
propagates at the air–Au ﬁlm interface and is incident into
the router. SPPs propagating along a ﬁxed direction at the
silica–Au ﬁlm interface is launched. The angle α between
the propagating directions of the input and output SPPs
can be tuned in the range from 0° to 360°. Depending on the
value of α, different optical slot antennas are used to
implement routing.

2.2 Theory and design of 3D routing via
optical antenna pairs
First, we designed a router with α = 90°, which is schematically shown in Figure 1(b). The router is composed of
two L-shaped slot antennas with the same geometry and
different orientations. The amplitudes and phases of the
antennas are controlled by changing the geometry dimensions. Here, the designed length (L1) and width (w) of
the antenna arms are 250 and 70 nm, respectively. The
depth of the antenna is 200 nm, which is the same as the
thickness of the Au ﬁlm. The nanoscale size of the device
contributes to dense integration through short-distance
data communication. The origin of the Cartesian coordinate

Figure 1: Calculation results of the router.
(a) Schematic of the three-dimensional (3D)
plasmonic nano-router. (b) Schematic of the
90° router. The solid red arrow indicates the
direction of the input surface plasmon
polaritons (SPPs) propagating at the air–Au
ﬁlm interface and the blue dashed arrow
indicates the direction of the output SPPs
propagating at the silica–Au ﬁlm interface.
(c) Near-ﬁeld electric ﬁeld intensities at
points A, B, C, and D in (b) versus the
wavelength. (d) Near-ﬁeld electric ﬁeld
amplitude in the xy plane for λ = 800 nm. (e)
Calculated initial phase difference and total
phase difference versus the wavelength. (f)
Calculated intensities of the SPPs propagating along the ±y-axes versus the wavelength. (g) Calculated angular radiation
distributions in the xy plane for λ = 800 nm.
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is located at the center point between the two antennas at
the silica–Au ﬁlm interface. The input SPPs propagate
along the +x-axis at the air–Au ﬁlm interface and the
launched SPPs propagate along the +y-axis at the silica–Au
ﬁlm interface.
Here, we used a finite-difference time-domain method
to numerically analyze the mode profiles of the antennas.
When the input SPPs were incident into the antenna pair
along the +x-axis, the calculated intensity of the electric
ﬁeld at the center of the four arms in the xy plane [marked
as A, B, C, and D in Figure 1(b)] is shown in Figure 1(c).
Resonant wavelengths of 770 and 740 nm with 130-nm full
width at half maximum (FWHM) appear at points B and C,
respectively. In the FWHM, the ﬁeld intensity of the SPPs in
the x-arms of the two antennas is much larger than that in
the y-arms. The corresponding near-ﬁeld electric ﬁeld
amplitude |E| distribution on the bottom surface (z = 0
plane) of the Au ﬁlm at 800 nm is shown in Figure 1(d). The
electric ﬁeld is strongly localized in the x-arms of the two
antennas, which can be considered as two SPP point
sources at the silica–Au ﬁlm interface and launched SPPs
propagating along the ±y directions (see Supplementary
material). We calculated the initial phase difference
Δφ0 = φyB − φyC between the SPPs at points B and C and
show the result as the black line in Figure 1(e). Considering
the phase retardation induced by the spatial separation d,
the total phase difference for the SPPs propagating along
the ±y-axes is Δφ = kSPPd ∓ Δφ0, where kSPP is the wave
vector of SPPs on the bottom layer. The intensity of the
SPPs can be controlled by varying d. For d = 344 nm, the
calculated Δφ for the ±y directions is plotted in Figure 1(e).
At the wavelength range of 600–850 nm, the total phase
difference Δφ along the −y-axis is in the range of 180° ± 20°,
which is denoted by the shadowed region in Figure 1(e).
The intensity of SPPs propagating along the −y-axis should
be very small due to the destructive interference. On the
contrary, the phase difference Δφ of the SPPs propagating
along the +y-axis in the above wavelength range is in the
range of −360° ± 60°, which results in constructive interference. As a result, the launched SPPs at the silica–Au
interface has a propagation direction of α = 90°. Then, we
calculated the intensities of the SPPs launched by the two
antennas along the ±y-axes, and the normalized intensities
of the SPPs propagating along the ±y-axes with respect to
the wavelength are shown in Figure 1(f). The black line
indicates the intensity of SPPs propagating along the
+y-axis, which is much larger than that in the −y-axis (red
line) in a broadband range from 600 to 850 nm. At
λ = 800 nm, a minimum value of the intensity in the −y
direction is obtained, denoted by a dip in the red line. The
calculated angular radiation distributions in polar
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coordinates of the SPPs at the silica–Au ﬁlm interface for
λ = 800 nm is shown in Figure 1(g) (see Supplementary
material). Highly unidirectional SPP propagation is
observed along the +y direction with a half-power beamwidth of 30°. SPPs propagating along the ±x-axes
and −y-axis are fairly weak, which results in a 90° routing
with a high signal-to-noise ratio. The high directivity of the
device can meet the demand for complex connectivity. The
working spectral range depends on the resonance properties of the antennas and the distance d between them. The
large FWHMs of the resonant antennas enable a broadband
operation wavelength. The distance d, which modiﬁes the
interfere of the SPPs launched by the two antennas, affects
the optimal routing wavelength.

2.3 Fabrication and experiment
To demonstrate the designed 3D router experimentally,
optical slot antennas and gratings were fabricated, and the
fabrication process is illustrated in Figure 2. A 20-nm-thick
Au ﬁlm was deposited on a silica substrate using electron
beam evaporation [Figure 2(a)]. Then, grooves with a depth
of ∼90 nm were fabricated in the Au ﬁlm and the silica
substrate using focused ion beam (FIB) milling [Figure 2(b)],
which were used to fabricate SPP scattering gratings. After
another Au ﬁlm with 180 nm thickness was deposited on the
20 nm Au ﬁlm and ﬁlled the grooves [Figure 2(c)], an antenna pair with the same geometry as the design and a
launching grating with a depth of ∼70 nm were fabricated in
the Au ﬁlm using FIB milling [Figure 2(d)]. The depth of the
launching grating is small, which can only excite SPPs
propagating at the air–Au ﬁlm interface (see Supplementary
material).

Figure 2: Fabrication process of the routers and gratings for the
launching and measurement of surface plasmon polaritons (SPPs).
(a) A 20-nm-thick Au film is deposited on a silica substrate. (b)
Fabrication of the scattering grating. (c) Deposition of a 180-nmthick Au film. (d) Fabrication of the antenna pair and the launching
grating at the air–Au interface.
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Figure 3: Experimental results of the 90° router.
(a) Scanning electron microscopy (SEM) image of the experimental sample. Inset: Magnified SEM image of the antenna pair. (b) Chargecoupled device (CCD) images of the sample for different incident wavelengths. The two white dotted frames represent the positions of the
scattering gratings. The yellow one represents the position of the launching grating. (c) Experimental extinction ratio R versus the wavelength.
The red dashed line indicates R = 5. The blue line is a guide for the eyes. (d) SEM image of the sample integrated with waveguides. Inset:
Magniﬁed SEM image of the antenna pair. (e) CCD image of the scattering gratings for λ = 802 nm. The two white dotted frames represent the
positions of the scattering gratings. (f) Experimental extinction ratio R versus the wavelength for the router integrated with waveguides. The
blue line is a guide for the eyes.

The scanning electron microscopy (SEM) image of the
router and gratings is shown in Figure 3(a). The arc grating
with a period of 784 nm is the launching grating fabricated
at the air–Au ﬁlm interface, which was used to launch and
focus the input SPPs. At the silica–Au ﬁlm interface, two
rectangular scattering gratings with a period of 526 nm
were fabricated to measure the intensity of the output
signals.
A continuous laser beam from a tunable Ti:sapphire
laser was normally incident upon the launching grating
along the −z-axis to launched SPPs at the air–Au ﬁlm
interface. The SPPs were focused at the antenna pair and
routed to propagate at the silica–Au ﬁlm interface along
the ±y-axes, which were scattered by the scattering gratings. An objective was used to image the scattering gratings
on a charge-coupled device (CCD) to measure the intensities of the SPPs (see Supplementary material).
The CCD images of the scattering gratings for different
incident wavelengths are shown in Figure 3(b), in which the
image of the launching grating is also included in the left
image at λ = 810 nm. The images of the router and a part of
the launching grating were blocked by a spatial ﬁlter to
reduce noise. Due to the destructive interference of the SPPs
propagating along the −y-axis, the upper scattering grating
is much brighter than the lower one. The intensity of the
SPPs propagating along the −y-axis depends strongly on the

wavelength and reaches the minimum at λ = 827 nm. We
deﬁned the extinction ratio R as the intensity ratio between
the SPPs propagating along the design direction and the
opposite direction. The experimental result of the extinction
ratio R with respect to the wavelength is shown in
Figure 3(c), in which a maximum value of 211 is obtained at
λ = 827 nm. Half of the data are larger than ﬁve, and the
antenna pair can serve as a 90° router with a sufﬁcient
signal-to-noise ratio for plasmonic integration. Compared
with the calculated result of the destructive interference
wavelength along the −y-axis, the experimental result redshifts 27 nm.
Waveguide is the basic component in functional photonics circuits, therefore the effective integration between the
router and a waveguide offers an important connection to
other functional optical components. Owing to the nanoscale
size of the proposed router, it can integrate with the plasmonic waveguide directly, which is vital for enhancing the
integration density. We fabricated two groove-shaped plasmonic waveguides coupled with the router, and the SEM
image is shown in Figure 3(d). The waveguides have a width
of 1 µm and a depth of 70 nm (see Supplementary material).
The width of the waveguide, which is limited by the cutoff
width of the fundamental mode, can be narrowed to 270 nm
for λ = 800 nm (see Supplementary material). The output
SPPs of the router are coupled into the waveguides directly.
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Two scattering gratings were also fabricated at the output
ends of the waveguides to measure the intensities of the SPPs
propagating in the waveguides. Figure 3(e) illustrates the
image of the gratings at λ = 802 nm, in which the intensity of
the SPPs scattered at the upper grating is much larger than
that at the lower one and an extinction ratio of 56 was obtained. The extinction ratio with respect to the wavelength is
shown in Figure 3(f). In the wavelength range of 775–833 nm,
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the extinction ratio is larger than ﬁve, which means that the
router has a larger working wavelength range. The result
in Figure 3(f) is different from that in Figure 3(c), which
may originate from the scattering of the SPPs at the ends
of the waveguides. This result indicates the device can integrate with waveguide directly. Considering the diverse
conﬁguration of the waveguide, this 3D router can be utilized
for more complex route arrangements.

Figure 4: Experimental results of the 180° and −45° routers.
(a) Schematic of the 180° router. The solid red arrow indicates the direction of the input surface plasmon polaritons (SPPs) propagating at the
air–Au ﬁlm interface and the blue dashed arrow indicates the direction of the output SPPs propagating at the silica–Au ﬁlm interface. (b) and
(c) Scanning electron microscopy (SEM) images of the experimental samples with different positions of scattering gratings. Inset: Magniﬁed
SEM image of the antenna pair. (d) and (e) Charge-coupled device (CCD) images of the scattering gratings in (b) and (c), respectively, for
different incident wavelengths. The white dotted frames represent the positions of the scattering gratings. (f) Extinction ratio R versus the
wavelength. The red dashed line indicates R = 5. The blue line is a guide for the eyes. (g) Schematic of the −45° router. (h) SEM image of the
sample of the −45° router. Inset: Magniﬁed SEM image of the antenna pair. (i) CCD image of the scattering gratings at λ = 837 nm. The white
dotted frames represent the positions of the scattering gratings. (j) Experimental extinction ratio R of the −45° router versus the wavelength.
The blue line is a guide for the eyes.
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2.4 Arbitrary routing angle on demand: 180°
and −45°
Using a similar method, we designed a router with α = 180°,
which is composed of two rectangular slot antennas and
schematically depicted in Figure 4(a). The antennas have
the same width (w = 70 nm) and different length
(L2 = 300 nm and L3 = 210 nm) (see Supplementary material). The distance d between the antennas is 320 nm. The
input SPPs propagating along the +x-axis at the air–Au ﬁlm
interface is incident into the antennas. The SPPs are
launched at the silica–Au ﬁlm interface, which acts as two
SPP point sources and propagates along the ±x-axes. The
numerical calculation shows that this design allows for a
total phase difference of the two SPP waves propagating
along the +x-axis of −180 ± 20° and destructively interfering in the wavelength range of 753–853 nm (see Supplementary material). On the contrary, the SPPs
propagating along the −x-axis constructively interfere, and
a 180° router is obtained.
Two SEM images of the experimental samples are
shown in Figures 4(b) and (c) to measure the intensities of
the SPPs propagating along the ±x-axes at the silica–Au
ﬁlm interface, respectively. The insets show the close-up
view of the antenna pairs with the same geometry as the
design. To avoid noises in the measurements of the SPP
intensity, two arc-shaped gratings at the air–Au ﬁlm interface with a period of 784 nm on each sample were fabricated
to launch and focus SPPs on the routers. Two rectangular
scattering gratings at the silica–Au ﬁlm interface with a
period of 526 nm on the two samples with different locations
were fabricated to measure the intensities of the output
SPPs. We fabricated the two scattering gratings separately
on two samples to reduce the noise originating from the
reﬂection of the SPPs on the gratings.
Figures 4(d) and (e) show the CCD images of the scattering gratings in Figures 4(b) and (c), respectively, for the
same incident light with wavelengths of 764, 787, and
801 nm. The transmitted light from the antennas was
blocked using a spatial ﬁlter. The scattering lights from the
grating in Figure 4(e) are much stronger than those in
Figure 4(d) for the three incident wavelengths, which indicate that the launched SPPs propagate along the −x-axis and
a 180° router is implemented. The extinction ratio R with
respect to the wavelength is shown in Figure 4(f). In the
wavelength range of 760–860 nm, the value of R is larger
than ﬁve, which shows a broadband working wavelength
range. The maximum value of R reaches 97 at 787 nm.
We have demonstrated 3D routers with routing angles
of an integer multiple of 90°. To design routers with an

arbitrary routing angle, the antenna pairs used above
should rotate an angle. Here, we demonstrate a router with
α = −45°, the schematic of which is shown in Figure 4(g).
The input SPPs propagate along the +x-axis at the air–Au
ﬁlm interface and the output SPPs launched by the router
propagates along the −45° direction at the silica–Au ﬁlm
interface. The router is composed of two slot antennas,
whose short axes have a −45° angle with respect to the
+x-axis. The geometries of the antenna pair are
L4 = 200 nm, L5 = 400 nm, w = 70 nm, and d = 400 nm. The
SEM image of the designed router is shown in Figure 4(h).
The arc grating at the air–Au ﬁlm interface launches and
focuses SPPs on the router, and the output SPPs propagate
along the −45° direction. Two rectangular scattering gratings were used to measure the intensity of the output SPPs.
Figure 4(i) shows the CCD image of the scattering gratings
at λ = 837 nm. The intensity of the image of the lower
grating is much larger than that of the upper one, and an
extinction ratio of 17 is obtained. The extinction ratio with
respect to the wavelength is shown in Figure 4(j). The
extinction ratio R is larger than ﬁve in the wavelength
ranges of 811–823 and 830–851 nm.

2.5 2 × 2 butterﬂy plasmonic
interconnection
Using the proposed routers, a 3D plasmonic interconnection
can be implemented. A butterfly network connects n input
ports with the same number of output ports with crossingenabled interconnections [35]. Here, we demonstrate a 2 × 2
butterﬂy network, which has two inputs and two outputs
ports [Figure 5(a)]. Two input SPP signals propagating along
the +x-axis (input port I1) and −y-axis (input port I2) at the
air–Au ﬁlm interface are incident into the interconnection
device, which is composed of four rectangular antennas.
The corresponding output SPP signals propagate along the
+x-axis (output port O1) and −y-axis (output port O2) at the
silica–Au ﬁlm interface. The device is composed of two
rectangular antenna pairs with the same geometry and
different orientations, and the geometry parameters are
L6 = 210 nm, L7 = 300 nm, w = 70 nm, and d = 380 nm. The
distance D, which is the distance between the center of the
two antenna pairs in the x and y directions, is 500 nm.
Figure 5(b) illustrates the SEM image of the sample.
Two arc gratings with the same parameter as mentioned
above were utilized to launch and focus SPPs propagating
at the air–Au ﬁlm interface into the routers. Two rectangular scattering gratings were used to measure the intensities of the output signals propagating at the silica–Au

Y. Xu et al.: Three-dimensional plasmonic nano-router via optical antennas

Figure 5: Schematic and experimental results of the threedimensional (3D) butterfly plasmonic interconnection.
(a) Schematic of the 2 × 2 butterﬂy network. The solid blue and red
arrows indicate the directions of the input SPPs propagating at the
air–Au ﬁlm interface, and the blue and red dashed arrows indicate
the directions of the output surface plasmon polaritons (SPPs)
propagating at the silica–Au ﬁlm interface. (b) Scanning electron
microscopy (SEM) image of the 3D butterﬂy plasmonic
interconnection network. Inset: Magniﬁed SEM image of the
antenna pair. (c) and (d) Charge-coupled device (CCD) images of the
sample for different incident directions at λ = 800 nm.

ﬁlm interface. When SPPs were launched and incident into
input port I1, the CCD image of the scattering gratings for
λ = 800 nm is shown in Figure 5(c). The scattering light from
the grating located at the O1 port is much brighter than that
at the O2 port. A similar result was obtained when the SPPs
were incident into input port I2 [Figure 5(d)]. The results
show that the 3D butterﬂy interconnection was implemented at the nanoscale with low crosstalk.

3 Discussion
The resonant modes of the L-shaped and rectangular slot
antennas are different, which can be used for signal routing with different angles. For an L-shaped antenna with
two perpendicularly placed arms, two modes of the antenna can be excited effectively when the propagation direction of the input SPPs is parallel to one arm of the
antenna. Based on the superposition of these two modes,
the antenna can launch SPPs propagating perpendicularly
to the input SPPs (Figure 1d). Thus, L-shaped antennas can
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be used to implement routers with angles in the ranges of
45° ≤ α ≤ 135° and 225° ≤ α ≤ 315°. For a rectangular antenna
with dipole resonance, the polarization is parallel to its
short axis (Figure S8b in the Supplementary material). As a
result, the rectangular antenna launches SPPs propagating
along its short axis. For the same reason, the launching
efﬁciency of the dipole mode of the rectangular antenna is
the maximum when the propagation direction of the input
SPPs is parallel to the short axis. And it decreases to zero
when the propagation direction of the input SPPs is
perpendicular to the short axis. Therefore, rectangular
antennas can be used to implement routers with angles in
the ranges of −45° ≤ α ≤ 45° and 135° ≤ α ≤ 225°.
The calculated maximum routing efficiency is 12.4%
for the 180° router and 5.1% for the 90° router (see Supplementary material). The imperfect efﬁciencies indicate
that the SPPs also propagate along with the original layer.
While beneﬁting from the optically thick Au ﬁlm, the SPPs
propagating along the upper surface are isolated and
cannot affect the signal on the lower surface. The efﬁciencies are limited by the nanoscale dimensions of the
routers, which can be improved by increasing the number
of antenna pairs.
Due to the nanoscale footprint size and the capability
of integration with waveguides, the 3D routers can act
as exchange nodes for cross-layer routing in highly
integrated photonic circuits [36–38]. The 3D routers can
be applied in the two broad categories of optical interconnects including index-guided type and free-space
type. The ultra-small size of the 3D routers can address the
feature-size incompatibility between photonic and electronic circuits, and these routers can be applied in the
parallel interconnection between memory and processing
elements in the 3D integration of plasmonics and electronics [39, 40].

4 Conclusion
In summary, we have demonstrated cross-layer 3D optical
routers with ultra-compact footprints. Optical slot antennas were used to connect SPPs propagating at the
superstrate– and substrate–Au film interfaces. The direction of the output SPPs was controlled by controlling
the phases and propagation directions of the SPPs
launched by the antennas. The “wired” connection between the router and plasmonic waveguides was
demonstrated due to the nanoscale size of the router. We
also showed the application of the routers in 3D butterfly
plasmonic interconnection. Benefiting from their ultracompact size, high directivity, and the effective

1938

Y. Xu et al.: Three-dimensional plasmonic nano-router via optical antennas

connection with waveguides, these plasmonic nanodevices can be used as promising signal routers for vertical connectivity in dense, complex, and integrated
plasmonic or hybrid circuits, which are critical for nextgeneration 3D integrated technology. As the metal sustains both plasmonic and electrical signal transfer, these
3D routers also offer an ideal solution to the interface
connection between the optical layer and the electrical
layer, paving the way to the hybrid integration of electronics and photonics in the signal processing field.
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