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Abstract—Photonic integrated circuits (PICs) and microwave integrated circuits (MICs) have been
widely studied, but both of them face the challenge of miniaturization. On one hand, the construction of
photonic elements requires spaces proportional to wavelength, and on the other hand, electromagnetic
compatibility issues make it challenging to reach high-density layouts for MICs. In this paper, we review
the research advances of miniaturized PICs and MICs based on surface plasmon polaritons (SPPs). By
introducing SPPs, miniaturized photonic elements at subwavelength scales are realized on PICs, which
can be used for highly integrated interconnects, biosensors, and visible light wireless communications.
For MICs, since the metals behave as perfect conductors rather than plasmonic materials at microwave
frequencies, plasmonic metamaterials are proposed to support spoof SPPs. Spoof SPPs possess similar
characteristics to SPPs and can be used to realize high-density channels on MICs. Moreover, combining
the latest theoretical research on SPPs, future tendencies of SPP-based MICs are discussed as well,
including further miniaturization, digitization, and systematization.

1. INTRODUCTION

With rapid developments of modern wireless communications [1], optical computing [2] and
biosensing [3], photonic (waves with frequencies between 300GHz and 750THz) integrated circuits
(PICs) [4–7], and microwave(waves with frequencies between 300MHz and 300GHz) integrated circuits
(MICs) [8–10] have been widely studied. On one hand, PICs with photons as information carriers have
become the limelight due to their advantages such as high response rates, fast transmission speeds, high
parallelism, and excellent compatibility [11–15]. Data moves in a photonic device at the speed of light,
about ten times faster than electrons in a standard circuit [16]. Ref. [17] has demonstrated a universal
optical vector convolutional accelerator operating at more than ten TOPS (trillions (1012) of operations
per second, or tera-ops per second). Ref. [18] has demonstrated mode-division multiplexing circuits
based on digitized meta-structures with extremely compact footprints. It can reduce the size of critical
components by 1–2 orders of magnitude and realize dense wiring of 3 × 112Gbit/s high-speed mode
division multiplexing signal, which is conducive to large-scale on-chip integration of multimode optical
systems. However, the construction of photonic elements requires spaces proportional to wavelength.
To propagate the wavelength of communication band, the size of optical devices must be on the order
of microns, which is difficult to integrate on optoelectronic integrated chips. Thus, the conventional
photonics devices are constrained by the classical diffraction limit, resulting in large sizes of PICs. On
the other hand, MICs have the advantage of easy connection to wireless devices [19–21]. But with the
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explosive increase of information data in modern communication systems, the development of MICs faces
the challenges such as spatial coupling, dynamic response, and performance robustness, among which
the contradiction between miniaturization of MICs and electromagnetic compatibility is particularly
prominent [22–24]. The contradiction caused by the physical characteristics of high-frequency elements
has become one of the main obstacles to the development of MICs.

The introduction of surface plasmon polaritons (SPPs) [25–30] is expected to contribute to the
miniaturized PICs and MICs. SPPs are surface waves produced by the collective resonance of electrons
and electromagnetic waves on the interfaces of metals and dielectrics, which can strongly confine the
electromagnetic energy in the subwavelength range of the interface. The novel field of plasmonics
has recently emerged, in consideration of the progress of new materials, including topological Dirac
semimetals [31–36], two-dimensional (2D) materials [37–41], topological insulators [42, 43], and Dirac
materials [44–47]. Ref. [44] has predicted a novel undamped gapless plasmon mode in a type-II Dirac
semimetal, arising from the presence of both electron and hole pockets at the Fermi energy. Ref. [48]
has discovered that the plasmon frequency can be tuned when chemical species are adsorbed at NbAs
and TaAs surfaces, highlighting the high potential of topological Weyl semimetals plasmonic modes
in the field of sensors. SPPs have the characteristics of field enhancement, field confinement, and
slow-wave properties, which can be utilized to overcome the PIC miniaturization problem. Since the
wavelength of SPPs is shorter than the wavelength of free beam in vacuum, it can overcome diffraction
limit of traditional optics and is expected to realize miniaturized PICs [49, 26]. In microwave band,
the properties of metals are close to perfect conductors, which makes metals incapable of exciting
SPPs. This problem was not solved until 2004 when the concept of spoof SPPs was proposed by
Pendry et al. [50]. By introducing plasmonic metamaterials, the properties of SPPs can be imitated
at microwave frequencies, and adjusting the size of plasmonic metamaterials allows the manipulation
of electromagnetic waves [51–58]. In terms of mode characteristics, the inherent field confinement of
spoof SPPs has potential to resolve the contradiction between microwave devices’ miniaturization and
electromagnetic compatibility. In 2013, Shen et al. further proposed an ultrathin spoof SPP transmission
line that can transmit spoof SPPs on planar or curved surfaces [59, 60], which makes it possible to apply
spoof SPPs on planar circuits and MICs.

In this paper, we review the miniaturized PICs and MICs based on SPPs and spoof SPPs,
respectively. For PICs, SPPs enable the generation, transmission, modulation, and detection of light
at subwavelength scales, which can be applied to highly integrated interconnects, biosensing fields, and
even visible light wireless communication systems. For MICs, the research of spoof SPPs is focused on
transmission lines, the devices, and I/O interconnects. Moreover, the future tendency of SPP-based
PICs and MICs is discussed as well.

2. PICS BASED ON SPP MODES

SPPs are capable of generating, distributing, modulating, and detecting light on the subwavelength
scale [61, 62]. As a result, SPP technology has made a significant impact on developing miniaturized
PICs [63]. A number of new structures based on SPPs have been proposed, including metallic slot
waveguides [64–66], channel SPP waveguides [67], and wedge SPP waveguides [68]. Although these
waveguides can provide tight optical confinement, they suffer from considerable propagation losses,
which poses a challenge to further device integration. A three-dimensional SPP waveguide structure
was proposed in [69], whose propagation length (defined as the propagation distance through which the
amplitude of the field attenuates to 1/e; a smaller propagation length means a considerable loss of the
guided mode) is only 6µm. Hybrid plasmonic waveguides have been proposed to enable subwavelength
modes with relatively low loss [70–72], which could play a significant role in realizing deep subwavelength
scale optical interconnects. The hybrid plasmonic waveguides are designed using plasmonic waveguide
structures and high refractive index dielectric nanostructures [73]. The characteristics of the hybrid
mode can be changed from dielectric-like to SPP-like by adjusting the mix between SPP and waveguide
modes [74]. Their structures are smaller than some dielectric nanophotonic devices for the same
properties such as field enhancement and low crosstalk. Plasmonic nanolasers [75, 76] based on such
structures and various functional passive devices such as directional couplers [77, 78], Y-switches [79],
and ring resonators [77], have been intensively investigated, as shown in Fig. 1. In [73], a novel hybrid
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Figure 1. The structure of SPP waveguides. (a) Geometry of the proposed nanolaser [76]. (b)
Schematic diagram of the waveguide [77]. (c) Schematics of the directional coupler and dependence of
the coupling length L and maximum transmitted power on the separation distanced [78]. (d) Conductor-
gap-silicon plasmonic waveguide structure showing the Ey field distribution of the quasi-TM mode and
image of a fabricated Y-splitter with 2µm bending radius [79]. (e) Geometry of the proposed hybrid
waveguide [73].

plasmonic waveguide consisting of high refractive index nanowires placed on a triangular metallic
wedge substrate has been proposed, and its propagation constant can reach 40µm. The strong
coupling between wedge-shaped plasmonic excitations and dielectric nanowire modes leads to ultra-
tight confinement and low transmission loss.

The metal-based plasmonic waveguides that can be used as transmission lines for optical and
electrical signals exhibit low-crosstalk transmissions and can be fabricated with complementary metal
oxide semiconductor (CMOS) techniques [80]. Ref. [81] has investigated a plasmonic demultiplexer
structure based on Metal-Insulator-Metal waveguides and circular ring resonators, and the mean
value of crosstalk is estimated −26.95 dB. In Fig. 2, a variety of plasmonic devices are introduced,
including emitters [82, 83], detectors [84, 85], and modulators [86, 87]. Plasmonic devices can integrate
with photonic silicon substrates [88] by using modern micro-nano processing technology and chip
manufacturing process. They have the advantages of being ultra-compact and cost saving, but the
disadvantage is that they are not conducive to the manufacture of 3D structures. Ref. [84] has
demonstrated an entirely new method to achieve bright visible light emission in ‘bulk-sized’ silicon
coupled with plasmon nanocavities at room temperature, from non-thermalized carrier recombination.
Ref. [86] has demonstrated a compact high-speed phase modulator, and its modulation frequency
response is flat up to 65GHz and beyond. A silicon nanoplasmonic electrooptic modulator has been
designed in [87]. Ref. [89] has presented a gold/silicon based monolithic integrated circuit consisting of
a gold film plasmonic waveguide. It is demonstrated that SPPs can be used as a coherent carrier in a
circuit, capable of providing highly integrated optical interconnects for data processing applications.

The metal structures based on surface plasmon excitations have attracted significant attention due
to their apparent advantages in high-density optical integration and can constitute a powerful detection
and analysis tool in the form of optical sensors [90–93]. Sensors using SPP metal structures have
enormous field enhancement benefits. But the conventional SPP sensors must work at the resonant
wavelengths to maintain high sensitivities, thus they have fixed or narrow bandwidth, which limits their
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Figure 2. On-chip SPP devices. (a) Schematic of a plasmonic nanocavity-coupled silicon nanowire
device [83]. (b) Metal-semiconductor-metal SPP detector [84]. (c) Schematic of the plasmonic phase
modulator [86]. (d) Three-dimensional schematic of the proposed Si nanoplasmonic modulator [87]. (e)
Integrated device fabrication process flow [89].

spectral capabilities and practical applications in sensing greatly. For instance, Ref. [94] has reported
the plasmonic detection of single molecules in real time. Photothermal microscopy relies on the change
in intensity of a detection beam (693 nm) caused by a time-dependent thermal lens. This thermal lens
is created by a modulated heating beam (785 nm) that is absorbed by the nanorod. This problem can
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Figure 3. On-chip SPP sensing and communication components. (a) Schematic and geometric
parameters of the double-slit structure on a metal film [96]. (b) Schematic representation of the
nanoscale wireless communication system [99].

be solved by using array structures at the expense of large volumes (double-hole array with a 800 nm
periodicity [95]), which make them difficult to be applied in integrated circuits. Fig. 3 exhibits several
methods to overcome the problem of narrow band and large volume. SPP interferometry has been
considered as a feasible method to overcome this massive structure. In [96], a high-contrast and broad-
band on-chip sensor based on the SPP interference in a metallic double-slit structure has been presented.
The propagation loss of SPPs is compensated by adjusting the position of the spot of p-polarized light
on the double-slit structure, and the interfering SPPs from both slits have almost equal intensity. This
high contrast, broadband, and high sensitivity plasmon sensor fabricated on a subwavelength plasmonic
waveguide can be easily integrated with chips. Visible light can be used for system miniaturization
as well. The utilization of SPPs could enable modern on-chip wireless communication systems at
visible wavelengths, reducing losses and promising miniaturization of communication systems [97, 98].
A nanoscale wireless communication system that operates at visible wavelengths via in-plane information
transmission (at bandwidths in the Hz and MHz ranges) has been reported [99].

To meet the challenges of parallelism and high data rates, next-generation optical communication
networks will require the joint integration of electronics and photonics, as shown in Fig. 4. When
electronics and photonics are integrated, heterogeneous integration is usually used. Unfortunately, the
direct modulation sources using heterogeneous integration methods are limited by bandwidth, which
makes it difficult to achieve higher data rates. So far, heterogeneous transmitters in a bondwire assembly
have shown the highest symbol rates of 222GBd with plasmonics [100]. However, parasitic growth at the
interface of mismatched bonding lines ultimately constitutes a speed bottleneck. Monolithic integration
can overcome this bottleneck and achieve higher symbol rates using ultra-short direct connections (called
on-chip vias). CMOS technology enables the efficient monolithic integration of electrons and photons.
In particular, a full photonic library running on a CMOS platform with a 10GBd data link [101] and
40GB/s modulation [102] have been demonstrated. However, the limited bandwidth of standard CMOS
technology does not allow for the symbol rates of high-speed heterogeneous demonstrations. Therefore,
alternative monolithic solution relying on bipolar CMOS (BiCMOS) technology is of interest. BiCMOS
technology may be of particular value as it offers high speed electronics and is compatible with CMOS.
Meanwhile, SPP technology is an ideal counterpart to photonic technology [103] and compatibility
with a variety of substrate materials. In [104], a monolithically integrated electro-optical transmitter
based on SPPs is reported to achieve the combination of advanced BiCMOS with silicon plasmonic
electronics through the co-design of an electronic and plasmonic electronics layer. Among them, the
electronic layer provides BiCMOS circuitry designed to meet data centre standards and performs 4 : 1
power multiplexing to pass the on-off key control signal to the plasmonic layer above; the plasmonic
layer consists of a compact, high bandwidth plasmonic Mach-Zendel modulator, and the electronic and
plasmonic layers are interconnected by vias. Overall, the introduction of SPPs provides an effective way
to break the speed limitations of current miniaturized transceiver systems.
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Figure 4. (a) The schematic of transmitter [100]. (b) Monolithic electronic-photonic platform in
65-nm bulk CMOS [101]. (c) Monolithic electronic-plasmonic high-speed transmitter. High-speed
SiGeBiCMOS electronic layers (blue) with a top plasmonic layer (red) monolithically integrated on
a common substrate (black) and connected through on-chip vias (cylinders) [104].

In summary, the miniaturized PICs based on SPPs have been widely studied. The SPP
waveguides, including hybrid wedge plasmonic waveguide and gold film plasmonic waveguide, have been
extensively investigated. The SPP structures can constitute highly integrated optical sensors that find
important applications in environmental monitoring, biomedical and chemical research. In addition,
the introduction of SPPs can miniaturize modern on-chip wireless communication systems at visible
wavelengths.

3. MICS BASED ON SPOOF SPP MODES

In microwave band, both bulk spoof SPP metamaterials [105] and ultrathin spoof SPP transmission lines
are utilized to transmit waves with tight confinement, as shown in Fig. 5. Considering the processing
technology of ICs, ultrathin spoof SPP transmission lines are preferred on MICs.

In terms of transmission line, the most fundamental component in MICs, there is a low impedance
path between metal layer and lossy substrate in the typical CMOS process, resulting in narrow band and
high loss [106]. As the representatives of traditional planar microwave transmission lines, the microstrip
and coplanar waveguide (CPW) have fixed space wave modes, and the transmission of electromagnetic
wave is mainly distributed in the surrounding space or medium. However, in the high-density integrated
circuit with a multi-layer structure that contains a large number of parallel transmission lines, the
reduction of line spacing caused by miniaturization will lead to the enhancement of mutual coupling
between neighbors, which will affect the overall performance of the system. Hence, the width of metal
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Figure 5. The spoof SPP structure of different dimensions. (a) Three dimensional spoof SPP
structure [105]. (b) Flexible ultra-thin spoof SPP transmission line [59].

transmission line and the distance between the lines should not be too narrow in order to avoid ohmic
loss and electromagnetic coupling caused by the skin effect at high frequencies which is contrary to
the requirements of chip miniaturization. In 2015, Liang et al. firstly proposed an on-chip spoof SPP
transmission line in the microwave frequency. By introducing a periodic subwavelength structure on
the metal transmission line, spoof SPPs are excited and transmit signals through strong local surface
waves, which can achieve a transmission line with high integration, low loss, and low crosstalk [107].

As shown in Fig. 6, two coupled spoof SPP transmission lines and two coupled quasi-TEM
transmission lines are fabricated on the chip, each with a spacing of 2.4µm, using standard 65 nm
CMOS technology [107]. The measured results show that the spoof SPP transmission line achieves a
wideband reflection coefficient of less than 14 dB and a cross checker ratio of better than 24 dB, ranging
from 220GHz to 325GHz, with an average of 19 dB lower than the conventional transmission line. When
multiple interconnects are placed together at high operating frequencies, cross talk can seriously distort
the signal integrity. Compact and broadband spoof SPP transmission lines have the potential to replace
the traditional on-chip transmission lines to meet the stringent requirements of dense interconnection at
high operating frequencies for future high-performance computer servers. The compact and wideband
spoof SPP transmission lines demonstrate great potentials in implementing the high-density on-chip
sub-terahertz communications in CMOS.

For CMOS THz I/O links (shown in Fig. 7) which control transmitter side surface wave radiation,
efficient conversion from TEM waves to surface waves is required. In the absence of mode conversion,
large transmission losses can occur. The transmission of SSP coupler proposed in [108] has over 3 dB
loss at around 300GHz without mode conversion. However, designing a terahertz mode converter in
CMOS is not easy. The high refractive index silicon substrate reduces the space field limitation of spoof
SPP and makes conversion difficult. The converter design reported in [109–111] is only validated at
the PCB level, requires huge ground geometry (mm order of magnitude), but is not feasible for chip
level designs in CMOS. Ref. [112] reports a low loss, high integration on-chip CMOS sub-terahertz
spoof SPPs converter designed and manufactured in a standard 65 nm CMOS process. A novel and
compact planar gradient groove with underlying grounding is developed for on-chip mode conversion in
CMOS. In order to match the impedance, a mode converter structure with a smooth bridge between
50Ω ground coplanar waveguide (GCPW) and spoof SPP transmission line is proposed. The compact
wideband spoof SPP transmission lines with mode converters show great potential to replace existing
transmission lines as future on-chip terahertz interconnects.

The traditional TEM-based I/O communication (via PCB traces or free space) has significant path
loss and electromagnetic interference, which is challenging to be used for low-power and dense I/O
interface interconnections for data servers [113]. Recently, optical [114], RF (radio frequency) [115], and
baseband [116] I/O transceivers have been proposed. Although optical interconnects have shown great
potential to replace electrical interconnects with high data throughput, their signal source transmission
and detection are difficult to be implemented in silicon. All the blocks of RF interconnects can be
implemented in CMOS operating at frequencies up to the millimeter wave region, but CMOS back-end
lines are typically very thin, leading to high losses and significant electromagnetic crosstalk. In contrast,
broadband high-speed interconnects with conventional transmission lines in CMOS suffer from severe
electromagnetic crosstalk between narrow silicon channels compared to RF interconnects. The spoof
SPP interconnect is supposed to be an up-and-coming option for future inter-chip terahertz-level data
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Figure 6. On-chip spoof SPP/conventional transmission line [107]. (a) The layout and E-field
distribution of the on-chip spoof SPP/conventional transmission line in lossy substrate environment.
(b) Die micrograph of the spoof SPP-based coupler in 65 nm CMOS for Terahertzes applications. (c)
Measured and fitting S parameter results.

transmission.
A CMOS sub-terahertz spoof SPP interconnect has been proposed [113] using the spoof SPP

transmission lines, mode converters, sources, and modulators. The spoof SPP transmission lines are able
to confine the electromagnetic waves to periodic trenches and strongly suppress the mutual crosstalk
between channels as shown in Fig. 8. It can significantly reduce the power and area. The results
demonstrate the proposed CMOS sub-THz surface-wave interconnects for future data servers with
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Figure 7. The structure of a CMOS THz communication I/O link [112]. (a) A CMOS THz
communication I/O link, which is fed by THz spoof SPP THz transmission lines. (b) Metal configuration
of back-end-of-line (BEOL) in standard 65 nm CMOS technology. (c) Simulated dispersion diagram
considering the high index substrate effect.

high-density integration of memory and cores. Ref. [117] investigates the theoretical limits of the
information transfer capability of spoof SPP interconnects. In the spoof SPP-based communication
networks, there is a geometrically relevant trade-off between the crosstalk limited bandwidth density
and information traveling length. As shown in Fig. 9, examples are given to demonstrate that the
spoof SPP communication networks with a bandwidth density of 1Gbps/µm can transmit 300Gbps of
information per channel with nominal crosstalk [117]. We observe the advantage of miniaturization of
the spoof SPP interconnects compared to other interconnects with the same crosstalk capability.

A compact millimeter-wave broadband bandpass filter (BPF) based on spoof SPP using the slotted
half-mode substrate integrated waveguides (HMSIW) has been presented in [118], as shown in Fig. 10(a).
Due to the ability of strong field confinement, the proposed on-chip spoof SPP structure has lower
coupling characteristics to dense transmission line circuits than conventional HMSIW structures. The
coupling between the proposed spoof SPP structure and microstrip line is obviously weaker than its
counterpart HMSIW case within the passband frequency range of 55.6 ∼ 79.4GHz. The maximum
improvement of coupling suppression is observed at 70GHz reaching up to 30 dB. It is helpful for reducing
inter-circuit interference on the chip and in turn allows for miniaturized circuits. However, it should
also be noted that its lateral dimensions can be further reduced for application in integrated circuits.
In [119], a GaAs-based wideband spoof SPP waveguide with super compact size has been presented
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Figure 8. Spoof SPP transmission line and converter [113]. (a) The structure of spoof SPP transmission
line and converter. (b) Spoof SPP modulator. (c) Spoof SPP resonator. (d) Architecture of 140-GHz
fundamental surface-wave oscillator.

at millimeter-wave regime. Spoof SPP unit cells consist of a longitudinal slot and a meander slot in
transverse direction, and their corresponding waveguide has good low-pass filtering features. Microstrip
lines can be well matched in terms of momentum for supplying the spoof SPPs with measurement signals.
Thus, the millimeter-wave on-chip BPFs with tunable center frequency and bandwidth are expected
to be used in compact integrated circuits or 5G communication systems because of their broadband
filtering characteristics and low coupling characteristics [118, 119].

In the conventional inductor resonators, high Q value and miniaturization cannot be achieved
simultaneously [120–122]. With significant capacitive loading, the switching power amplifier modulation
speed is low and occupies a large silicon area. In [123], a spoof SPP D-band signal source has been
implemented, as shown in Fig. 11. A set of metal slots perpendicular to the current direction was
drilled into the split-ring resonator (SRR) lanes. As a result, field-constrained slow waves are excited
throughout the stacked SRR. This leads to a shorter physical length of the in-phase power synthesis,
resulting in a higher quality factor and a smaller area. The four oscillator units are magnetically
synchronized by the spoof SPP transmission line to form a novel coupled oscillator network (CON). The
measurements show that the modulator achieves 3 dB insertion loss in the on state and 43 dB isolation
in the off state, producing a 40 dB extinction ratio at 125GHz in an area of only 40µm ∗ 67upmum.

Although some applications in chip miniaturization utilizing the crosstalk suppression property of
spoof SPPs have emerged, the potential of spoof SPP-based MICs is yet to be explored. According
to some latest research on SPPs using the PCB technology, several possible future tendencies of MICs
based on spoof SPPs can be predicted. The first possible tendency is the further miniaturization of
transmission line structures. In [124], the contradiction between the strong field confinement and the
geometric miniaturization of spoof SPP transmission lines is revealed, and zigzag grooves can be utilized
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Figure 9. The spoof SPP channels [117]. (a) An inter-chip communication network employing spoof
SPP channels. (b) Illustration of two different kind of modes that can be supported in spoof SPP
interconnects.

to reduce the total size of the spoof SPP transmission lines. Since the reported works of on-chip spoof
SPPs are mainly based on typical structures with straight slot, further miniaturization of spoof SPP
transmission line structures is obviously practicable. The second tendency is the digitization of MICs
based on digital spoof SPPs. Ref. [125] reported a dynamic dispersion tunable based conformal from
primitives such as super surface design and implementation, as shown in Fig. 12(b). This research
makes an important step for the realization of subwavelength integrated circuits. The third tendency
is the systematization of spoof SPP-based MICs. Spoof SPPs make it possible to break down barrier
to sub-diffraction-limit signal communication at both device and system levels. In [126], a compact
planar wireless communication system with integrated spoof SPP channels can be combined with CMOS
integrated circuit technology.
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Figure 10. The spoof SPP on-chip BPFs. (a) Topology of the proposed broadband on-chip BPF [125].
(b) A GaAs-based wideband spoof SPP waveguide with super compact size [119].

(a)

(b)

(c)

Figure 11. The spoof SPP on-chip CON [123]. (a) Proposed four-way power-combined CON loaded
by the proposed slow-wave resonator and spoof SPP transmission line network. (b) Die photograph of
the proposed on-chip D-band modulator. (c) CON die photograph and D-band measurement setup.
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Figure 12. The new spoof SPP transmission lines and devices. (a) The detailed geometric configuration
of the new spoof SPP TL and conventional spoof SPP transmission lines [124]. (b) A schematic diagram
of the prototype of the digital SPP waveguide [125]. (c) Schematic representation of the system [126].

In general, the emergence of these studies, such as spoof SPP-TLs, I/O interconnects, bandpass
filters, and coupled oscillators, is conducive to resolving the contradiction between electromagnetic
compatibility and miniaturization of MICs. The research on on-chip spoof SPPs is still in its infancy
although some exciting results have emerged, and the ability to strongly attenuate electromagnetic
crosstalk in densely integrated environments through on-chip spoof SPP has not been well revealed
or explored at high frequencies. Meanwhile, the spoof SPPs based on the PCB technology has
paved the future way of the on-chip spoof SPPs including further miniaturization, digitization, and
systematization.

4. CONCLUSION

This paper reviews the applications of SPPs in PIC and spoof SPPs in MIC miniaturizations. For PICs
based on SPPs, the SPP waveguide, including hybrid wedge plasmon polariton waveguide and gold
film plasmonic waveguide, allows for small dimensions with the same other properties, which in turn
promises highly integrated optical interconnects. SPPs can constitute highly integrated optical sensors
that find important applications in environmental monitoring, biomedical and chemical research. In
addition, the introduction of SPPs enables modern on-chip wireless communication systems at visible
wavelengths, reduces losses and the number of waveguides required, and realizes miniaturization of
communication systems. For MICs based on spoof SPPs, some results have been yielded, such as spoof
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SPP-TLs, I/O interconnects, bandpass filters, and coupled oscillators, solving the paradoxical problem
between miniaturization and electromagnetic compatibility of MICs at high frequencies. Moreover, the
latest theoretical research on SPPs indicates the possible future tendency of spoof SPP-based MICs
including further miniaturization, digitization, and systematization.
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