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Abstract— In this letter, a GaAs-based wideband spoof surface
plasmon polariton (SSPP) waveguide with super compact size is
presented at millimeter-wave regime. The periodic SSPP unit cell
consists of a longitudinal slot and a meander slot in transversal
direction, and its corresponding waveguide has good low-pass
filtering feature. The momentum of microstrip line for measure-
ment feeding to the SSPPs can be well matched without any
gradient transition structures. To apply this SSPP waveguide into
the design of bandpass filter (BPF), a row of vias is added with
a certain distance from the SSPP unit cells. For demonstration,
two on-chip examples, i.e., SSPP waveguide and SSPP-based BPF,
are fabricated operating at different frequencies. Good agreement
between simulations and measurements validates the propagation
characteristics and implementation of the proposed SSPPs.

Index Terms— Bandpass filter, millimeter-wave, on-chip
devices, spoof surface plasmon polaritons, waveguide.

I. INTRODUCTION

SURFACE plasmon polaritons (SPPs) are classic surface
electromagnetic waves in optical bands [1], which have

been widely used in sensing and modulating [2]–[4]. In 2004,
a periodic metal hole array supporting SPP-like surface mode
was proposed with strong field confinement in the lower
frequencies [5], named as designer or spoof SPPs (SSPPs).
This expands the advantages of SPPs from optical regime
to microwave or terahertz bands, therefore, SSPPs have
been developed utilizing various periodically structured arrays
from then on [6], [7]. Meanwhile, numerous SSPPs have
been applied in the design of different devices in the past
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decade [8]–[20], including bandpass filters (BPFs) [8]–[14],
antennas [15]–[17], sensors [18] and splitters [19], [20].

In order to facilitate the measurements and effectively
excite the SSPP modes, a matching transition is needed with
mode conversion from traditional guided waves to SSPPs.
For instance, in [8], a broadband BPF based on SSPPs was
proposed, with a flaring ground as the matching transition from
coplanar waveguide to SSPP waveguide. However, this method
will sacrifice a large occupation in transversal direction.
In [9], [10], a balun was utilized to match the mode conver-
sions from microstrip lines to SSPPs, but it would inevitably
increase the design complexity of the SSPP-based BPFs.
Hence, how to simplify the matching transition topologies
of the SSPP-based devices with compact sizes and highly
efficient mode conversions is still technically challenging.

On the other hand, most of the above-mentioned works
were operated in microwave frequencies using the standard
printed circuit board fabrication process. However, few works
on SSPPs were experimentally investigated at higher fre-
quencies, such as millimeter-wave and terahertz regimes,
using integrated circuit process. In [21], an on-chip BiCMOS
based SSPP transmission line in sub-terahertz regime was
presented, but only transmission characteristics of the SSPPs
was demonstrated, without any device applications. In our
previous work [22], a millimeter-wave on-chip BPF based on
SSPPs was proposed with low coupling feature, however, its
transversal size needs to be further reduced for the application
in integrated circuits.

In this letter, a new GaAs-based wideband SSPP waveguide
with super compact size is presented. The asymptotic fre-
quency of the SSPP unit cell at millimeter-wave regime can
be easily controlled. Moreover, the momentum of microstrip
line for measurement feeding to the proposed SSPPs can be
well matched without adding any gradient transition structures.
Then, the proposed SSPP waveguide can be applied into the
design of BPF, whose left and right edges of the passband can
be also adjusted. Finally, a brief conclusion is given.

II. MEANDER SLOT BASED SSPP WAVEGUIDE

A. Proposed SSPP Unit Cell

Fig. 1(a) shows the stack-up of the standard 0.15-µm GaAs
PHEMT technology. The periodic SSPP unit cell is designed
on M1 layer, which consists of a longitudinal slot and a mean-
der slot to miniaturize the circuit size in transversal direction,
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Fig. 1. (a) Stack-up of the employed 0.15-µm GaAs PHEMT technology,
where the GaAs and polymide films have the relative permittivities of
12.9 and 2.9, respectively. Two metal layers M1 and M2 are available for
circuit design, with conductivity of 4 × 107S/m. (b) Proposed SSPP unit cell
using a longitudinal slot and a meander slot in transversal direction, where
L1 = 355 µm, L2 = 690 µm, W0 = 10 µm, W1 = 2.5 µm, W2 = 5 µm,
W3 = 10 µm, and W4 = 17.5 µm.

Fig. 2. Dispersion characteristics of the proposed SSPP waveguide against
different values of L2. The parameter k in the figure is the propagation
constant.

as illustrated in Fig. 1(b). The lengths of the longitudinal slot
and meander slot are L1 and L2, and their widths are W1
and W2, respectively. The width of all metal strips is set as
W0, except the one wrapped by the meander slot and the
outermost longitudinal one, whose widths are W3 and W4,
respectively. When the length of L2 and width of W2 are
changed, the width of W3 will be tuned accordingly. The
matching from the microstrip line to SSPP waveguide can be
optimized by changing the width of the outermost longitudinal
metal strip W4, which will be analyzed in the next sub-section.

In order to investigate the propagation characteristics of
the SSPPs, the dispersion curves are simulated using the
commercial software CST Microwave Studio. Fig. 2 shows
the simulated dispersion characteristics of the proposed SSPP
waveguide against different values of parameter L2, while
maintaining other parameters unchanged except W3. Due to
the layout arrangement in Fig. 1(b), as the parameter L2 is
changed from 690 µm to 720 µm with the step of 10 µm,
the parameter W3 will be increased from 10 µm to 25 µm
with the step of 5 µm accordingly.

Seen from Fig. 2, an apparent deviation between the dis-
persion curve and light line can be observed, which indicates

Fig. 3. (a) Topology of the SSPP waveguide, and (b) its fabricated die
photograph (unit: mm).

Fig. 4. Simulated and measured S-parameters of the proposed SSPP
waveguide.

that the structure has a strong confinement ability of the
electromagnetic wave on the surface. Moreover, the asymptotic
frequency can be easily tuned by changing the length of the
meander slot. As the slot length L2 increases, larger deviation
from light line and lower asymptotic frequency occur.

B. SSPP Waveguide

Based on the above dispersion feature, a correspond-
ing SSPP waveguide consisting of seven SSPP unit cells
is designed with low-pass filtering property. As shown
in Fig. 3(a), a microstrip line is directly connected to
the proposed SSPPs for measurement feeding with ground-
signal-ground (GSG) probing pads at the input/output ports.
Therefore, the whole topology only consists of two parts,
input/output feeding part using GSG pads with a section of
microstrip line and the periodic array of the proposed SSPP
unit cells. The width of the microstrip line is set as 20 µm,
and other dimensions of SSPP waveguide are the same as
those of SSPP unit cell in Fig. 1(b). Fig. 3(b) illustrates the
die photograph of the fabricated SSPP waveguide, where the
overall size is 3.1 mm× 0.05 mm.

The momentum of microstrip line to the proposed SSPPs is
well matched even if there is no any gradient transition struc-
ture, which can be verified from the S-parameter simulations
and measurements. The on-chip SSPP waveguide is measured
via an on-wafer GSG probing with the help of a vector network
analyzer. As seen in Fig. 4, the cut-off frequency of the SSPP
waveguide is at around 54 GHz, consistent with the asymptotic
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Fig. 5. In-band impedance matching adjustment of the SSPP waveguide with
different values of W4.

Fig. 6. Topology of the proposed BPF, where H1 = 415 µm, d1 = 70 µm,
d2 = 120 µm, and L0 = 400 µm.

frequency in Fig. 2 when L2 = 690 µm. Good agreement
between the simulated and measured results has been realized,
possessing an excellent low-pass filtering performance for a
millimeter-wave on-chip device.

Although there is no gradient transition structure from the
microstrip line to SSPPs, the in-band impedance matching
is still maintained in a good level. Moreover, it can be
also slightly optimized by tuning the width of the outermost
longitudinal metal strip W4, as illustrated in Fig. 5.

III. MILLIMETER-WAVE BPF APPLICATION

Furthermore, the proposed SSPP waveguide can be applied
in the design of BPF through adding a row of vias with a
certain distance from the SSPP unit cells, as shown in Fig. 6.
Except the via structure, the unit cell topology is similar to
that of SSPP unit cell in Fig. 1(b), but their dimensions are
different. To realize a higher cut-off frequency (i.e., right edge)
of the passband, a larger asymptotic frequency of SSPPs is
needed. Herein, the dimensions of the proposed SSPP unit
cells are set as L1 = 284 µm, L2 = 516 µm, W0 = 18 µm,
W1 = 10 µm, W2 = 12 µm, W3 = 18 µm. The remaining
dimensions of the microstrip feeding and via distance can be
seen in the caption of Fig. 6.

For this BPF, the left and right edges of the passband
can be tuned by the parameters H1 and L2, as shown in
Fig. 7(a) and 7(b), respectively. Thus, the center frequency
and bandwidth of the BPF can be controlled accordingly.
Note that there is a trade-off between the bandwidth and the
circuit size in transversal direction, since the bandwidth will
be broadened as the parameter H1 increases, at the expense
of the transversal size of the BPF circuit.

Fig. 7. Simulated passband adjustment with different values of (a) H1
and (b) L2.

Fig. 8. Simulated and the measured results of the BPF.

Fig. 9. Fabricated die photograph (unit: mm).

Fig. 8 shows the simulated and measured S-parameters of
the proposed BPF, where the center frequency is at 65 GHz
with 3-dB fractional bandwidth of 50.5% (48.6 ∼ 81.4 GHz).
The simulation and measurement results agree reasonably well
with each other. The measured insertion losses are at the range
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between 1.4 and 2.0 dB within the passband, and the measured
return losses are better than 11 dB. The fabricated die photo
of the millimeter-wave BPF is shown in Fig. 9, whose size is
2.5 mm× 0.47 mm.

IV. CONCLUSION

A super compact GaAs-based wideband SSPP waveguide
is presented, whose asymptotic frequency at millimeter-wave
regime is easily manipulated by the meander slot. A direct
connection of the SSPP waveguide with microstrip line for
measurement is realized, which simplifies the design. To apply
the proposed SSPPs into the design of BPF, a row of vias is
employed. Consequently, a millimeter-wave on-chip BPF is
implemented with tunable center frequency and bandwidth.
Good agreements between the simulated and measured results
validate the proposed idea.
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