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Design of ultra-wideband Vivaldi antennas

for SSPPs loaded with directors
XU Juan, WANG Wei, WANG Junlong, WANG Jianchao

(School of Cyber Science and Engineering, Qufu Normal University, Qu Fu, 273165, China)

Abstract A spoof surface plasmon polaritons (SSPPs) based ultra-wideband Vivaldi antenna integrated
with a director was proposed in this paper. To address the low gain limitation of conventional Vivaldi
antennas, a performance breakthrough was achieved through the synergistic integration of SSPPs
waveguides and director loading structures. Initially, an SSPPs waveguide structure featuring periodic
grooves was incorporated into the traditional Vivaldi antenna. By optimizing the elliptical gradient matc-
hing design, the surface SSPPs mode was effectively excited, yielding significant gain enhancement while
preserving ultra-wideband characteristics. Furthermore, a concave-shaped directional array was implemen-
ted on the SSPPs-enhanced ultra-wideband Vivaldi antenna. Through meticulous optimization of unit
dimensions and periodic arrangement, surface current distribution was precisely controlled and surface

wave suppression was achieved, resulting in a peak gain of 12. 28 dBi. radiation efficiency up to 98%, and
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an operational bandwidth spanning 14. 63~36. 54 GHz. The proposed configuration employs a low-loss
Rogers RT5880 dielectric substrate, realizing low-profile geometry, high impedance matching, and stable
end-fire radiation characteristics. Simulation results demonstrate that this design simultaneously achieves
ultra-wideband operation, high gain, and superior efficiency in millimeter-wave frequencies, providing a
novel paradigm for high-performance antenna development in next-generation millimeter-wave,

Keywords spoof surface plasmon polaritons; vivaldi antenna; director; ultra-wideband
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Tab. 1 Detailed dimensions of the antenna

1 %4 Vivaldi &#3E

Fig. 1 Initial Vivaldi structure diagram

Parameter Length/mm Parameter Length/mm Parameter Length/mm
L 27 Wop 1.2 Lp, 1. 97
L, 6.8 Wa 1.2 R, 1.8
L, 2 Lp, 1.8 R, 1.3
L, 13.6 Lp, 2.2
w 13.5 Lp, 2. 85
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Fig.2 Antenna simulation results
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Fig. 3 Antenna normalized radiation pattern
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Fig. 4 SSPPs unit Vivaldi antenna based on SSPPs
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Fig. 6 Radiation electric field distribution map of the antenna at 25 GHz
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Fig.7 Comparison of antenna gain curves

before and after improvement
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Fig. 8 Current distribution diagram of the antenna at 15. 4 GHz
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Tab. 2 Detailed dimensions of the director unit

Parameter Length/mm Parameter Length/mm Parameter Length/mm
C, 0.9 S, 0.6 h 0. 508
G, 0.3 s, 0.3
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Fig. 10 director element Fig. 11 director element S parameters
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Fig. 12 Ultra-wideband metasurface Vivaldi antenna structure based on SSPPs
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Fig. 13 Antenna parameter simulation diagram

#: (a) 20 GHz; (b) 30 GHz; () 30 GHz,
14 fE5| @ESH) SSPPs B EH Vivaldi XLKTE yoz F1H (E H)F xoy FH (H H) LMY
EHEERUMZTIBUBEA—HLEHTEE
Fig. 14 Normalized radiation pattern with main and cross polarization simulated by an ultra-wideband Vivaldi antenna

loaded with a director in the yoz plane (E-plane) and xoy plane (H-plane)
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Tab. 3 Detailed dimensions of the antenna

Parameter Length/mm Parameter Length/mm Parameter Length/mm
w 13.5 w, 1.2 R, 1.8
L 37.9 W, 1.2 R, L3
L ssppe 18.8 L, 1.8 d, 0.3
L, 6.8 Ly 2.2 dy 0.8
L, 2 L, 2.85 L 3.8
L, 13.6 L, 1.97

&l 14 25 I REAE 20,25 A1 30 GHz I E A H A& 5 7 1m0 B IE . FTLLE th, RERA RIF 4R 5T
TR, ELAR S 7 1a 4 ) s 5 ]
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P, I HORER T SRR AL AR 4 PR,
F 4 ZR3CHY SSPPs uf Bt K&k 5 E {th 3Lk SSPPs i 5 K 2% B LL

Tab. 4 Comparison of SSPPs end-firing antennas in this paper with SSPPs end-firing antennas in other literatures

Reference Size/ A2 Center frequency/GHz Impedance bandwidth/ % Peak gain/dBi
A3 3.57X1,12X0. 04 25 85.6 12. 28
[15] 20. 75X 4. 64X0. 04 23.5 89 11. 27
[16] 1. 2X1.2X0.01 6.0 34.1 9.16
[17] 4.16X2X0.017 10 100 9.13
[18] 16. 1X16.1X0. 1 60. 5 27.1 12.0
3 &g
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