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Fig. 1. Reconfigurable filter structure.
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Fig. 2. Equivalent circuit model of SIR structure loaded DC bias networks: (a) PIN diodes are on state; (b) PIN diodes are off state.
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Table 1. Structural parameters of the reconfigurable filter (unit: mm).
wo w1 wo ws wy ws Iy la I3 lg ls lg
0.78 0.30 0.50 0.60 0.60 0.85 0.07 0.07 0.80 0.80 0.40 0.20
ni n2 n3 ng S0 S1 wj gi 9p lg r
1.60 0.20 1.50 0.50 0.10 0.05 0.10 0.10 0.10 0.35 0.10
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Fig. 3. S-parameters curve of reconfigurable filter structure.
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Fig. 4. Millimetre wave frequency reconfigurable antenna three dimensional (3D) view: (a) Top view; (b) side view; (c) bottom view;

(d) 3D exploded view.
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Table 2.

Structural parameters of the Vivaldi antenna (unit: mm).
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Fig. 5. Double-layer Vivaldi antenna and its electric field distribution before and after loaded the metallised via: (a) Antenna struc-

ture; (b) unloaded metallised via; (c) loaded metallised via.
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Fig. 6. 3D view of antenna loaded metal cavity: (a) Top view; (b) side view; (c¢) 3D exploded view.
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Fig. 7. Effect of loaded metal cavity and metal column on antenna reflection coefficient: (a) PIN diodes are on state; (b) PIN di-

odes are off state.
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diodes are on state, H-plane pattern at 27 GHz; (c¢) PIN diodes are off state, E-plane pattern at 35 GHz; (d) PIN diodes are off
state, H-plane pattern at 35 GHz.
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Fig. 9. Photographs of the fabricated antenna: (a) Vivaldi
antenna and the reconfigurable filter; (b) the antenna

(a) Vivaldi K Z& I vl 14 I8 )

loaded metal cavity.
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Fig. 10. Frequency reconfigurable antenna simulated and measured reflection coefficient S1; curves: (a) PIN diodes are on state;

(b) PIN diodes are off state.
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Fig. 11. Frequency reconfigurable antenna simulated and measured Gain curves: (a) PIN diodes are on state; (b) PIN diodes are off
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Fig. 12. Effect of parasitic parameters of the PIN diode on the antenna reflection coefficient Si1: (a) Frequency response of Cj ;

(b) frequency response of Lo .
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Fig. 13. Frequency reconfigurable antenna at 27 GHz simulated and measured radiation pattern: (a) E-plane pattern; (b) H-plane

pattern.

018401-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 1 (2025) 018401

330°

270°

Or

—10}

—20 F

—30 F

0° —40Ff

—30 F

—20}

—10 F

oL

270°

—=— co-polarization, measured —e— Cross-polarization, measured

—— co-polarization, simulated

Cross-polarization, simulated

P 14 WA R 2R 35 GHz {5 A5 S5 AR S5 19 18 (a) BT A &L (b) H 7 s 5]
Fig. 14. Frequency reconfigurable antenna at 35 GHz simulated and measured radiation pattern: (a) E-plane pattern; (b) H-plane
pattern.
# 3 HHAM Ka BT BRI R L
Table 3.  Comparison with other frequency reconfigurable antennas in the Ka-band range.
Kk RERA AR/ GHz RS L CIEApE. FFR K R %% /dBi
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Abstract

To solve the problem of small frequency turning ratio of the frequency-reconfigurable antenna operating in
the millimeter-wave band, a millimeter-wave dual-band frequency-reconfigurable filtering antenna is proposed in
this work. The proposed filtering antenna consists of a reconfigurable bandpass filter and an ultra-wideband
double layer Vivaldi antenna. The reconfigurable bandpass filter is comprised of several components, including
parallel coupled lines, stepped impedance resonator (SIR), PIN diodes, U-shaped branches, and bias network.
The reconfigurable filter is integrated in the feedline of the Vivaldi antenna, which provides a simple structure
and possesses flexibility for further expansion. The reconfigurable characteristic is realized by controlling the
electrical length of the open circuit stepped impedance resonator through two PIN diodes, which not only acts
as a switch but also affects the impedance matching within the millimeter wave band. Firstly, the equivalent
circuit model of the SIR loaded with PIN diode and bias network is analyzed and simulated to achieve dual-
band reconfigurability in the Ka-band. The bias network consists of fan-shaped branches and high-impedance
microstrip lines, which suppresses the flow of RF signals. Two notches are introduced by the two U-shaped
branches, which are arranged beside the parallel coupling line without affecting the performance of the
reconfigurable filter. The realized two notches are located in the non-operating frequency band between the two
reconfigurable bands, which enhances the out-of band performances of the reconfigurable filter. Then, to
suppress the unnecessary coupling effect and concentrate the energy on the feedline of the Vivaldi antenna,
some metallized vias are loaded on the two sides of the feedline. Finally, a metal cavity is introduced to isolate
the radiation from filtering components, and some metal columns are loaded inside the cavity for improving the
self-resonance of the metal cavity, which effectively improves the cross-polarization level of the filtering antenna.
The measured results show that the proposed antenna operates in a range from 25.9 to 28.6 GHz with a
maximum gain of 8.83 dBi when the PIN diodes are in the on state, and in a range from 32.6 to 35.9 GHz with
a maximum gain of 9.97 dBi when the PIN diodes are in the off state. The center frequency ratio between two
reconfigurable frequency bands reaches 1:1.26, and the cross-polarization levels are all less than —20 dB in both

operating bands.
Keywords: millimeter-wave antenna, filtering antenna, frequency reconfigurable, PIN diode
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