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Fig. 1. (a) Rectangular-shaped SSPP unit cell; (b) I-shaped SSPP unit cell; (¢) halberd-shaped SSPP unit cell; (d) comparison of

dispersion curves.
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Fig. 2. Schematic of broadband bandpass filter: (a) Top

view; (b) bottom view.
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Fig. 3. (a) Schematic of broadband bandpass filter (N = 1,
2, 3, 4); (b) S-parameters of broadband bandpass filters
with different SSPP element numbers.
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Fig. 4. Simulated zcomponent electric field distributions of
the broadband bandpass filter at (a) 0.5 GHz, (b) 3.0 GHz,
and (c) 7.0 GHz.
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Fig. 5. (a) Equivalent LC circuit of broadband bandpass
filter; (b) comparison of electromagnetic simulation and
equivalent LC circuit S-parameters.
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Fig. 6. (a) Dispersion curves of halberd-shaped SSPP at different depth of halberd grooves; (b) transmission coefficient (S;;) of

broadband bandpass filter at different depth of halberd grooves.
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Fig. 7. (a) Dispersion curves of halberd-shaped SSPP at different slotline widths; (b) transmission coefficients (S;;) of broadband

bandpass filters at different slotline widths.
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band bandpass filter; (c) comparison of simulated and

measured S-parameters.
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R R O ELR 3 R AR A RE.

# 1 S5ZECHRPI ISR TEREXS . (FBW, 2340 9E)

Table 1.  Comparison of our proposed bandpass filters with bandpass filters in references (FBW, fractional bandwidth).
L% 30k R FBW/% I R (A )
8] 7.3—11.2 42.2 40 dB@11.8—19.8 GHz 2.85x0.67
[15] 1.18—6.18 135.8 -31 dB@6.9—18.0 GHz 1.83x0.46
[17] 8—16 67.0 -7 dB@16.2—17.0 GHz 2.64x0.29
(18] 8.0—13.5 51.0 -40 dB@14.0—19.5 GHz 1.87x0.63
[19] 2.1-8.0 16.8 -30 dB@8.9—20.0 GHz 1.47x0.42
[20] 1.1—7.3 147.6 -30 dB@7.5—20.0 GHz 2.95%0.89
AL 1.0—4.7 130.0 ~40 dB@5.6—20.0 GHz 1.08x0.39
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Fig. 10. Simulated S-parameters (S5; and Sj;) of wideband
bandpass filters on different dielectric substrates.
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Abstract

In this paper, a compact broadband bandpass filter with wide out-of-band rejection characteristics based on
halberd-shaped spoof surface plasmon polariton (SSPP) is proposed. The filtering structure is achieved by
etching a periodic halberd-shaped groove at the bottom of the substrate and a microstrip-to-slot line transition
with a crescent-shaped patch at the top. Compared with the traditional dumbbell-shaped SSPP, the halberd-
shaped SSPP has good slow-wave property, and the designed bandpass filter based on halberd-shaped SSPP can
achieve a more compact size. The upper cutoff frequency and lower cutoff frequency of the passband can be
adjusted by regulating the SSPP structure and the transition structure from microstrip-to-slot line, respectively.
The simulation results show that the center frequency of broadband bandpass filter is 2.85 GHz, with the
relative bandwidth of 130%, and the return loss in the passband is better than —10 dB, and the extreme strong
out-of-band rejection of —40 dB from 5.6 GHz to 20.0 GHz. The size of the broadband bandpass filter is
compact, only 1.08A, x 0.39),, where A, is the wavelength at the center frequency. In order to verify the
effectiveness of the wideband bandpass filter, the traditional printed circuit board technology is used to
fabricate the wideband bandpass filter. The measurement results are in good agreement with the simulation
results, verifying the feasibility of the design. The proposed broadband bandpass filter shows promising

prospects for developing SSPP functional devices and circuits at microwave frequencies.

Keywords: spoof surface plasmon polariton, broadband bandpass filter, microstrip-to-slotline transition

structure
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