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Fig.1 The model of Vivaldi antenna. (a) The front view and
(b) back view.
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Fig.2 (a) The waveguide model and (b) the diagram of the

planar array.
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Fig.3 The equivalent circuit of the tightly coupling antenna (a) without and (b) with metal floor
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Fig.4 The surface current distribution of the antenna. (a) f
=2GHz, d = 0.13 A. (b) f = 15 GHz, d = 1.03 .

&G R MR BT A ], AR B
REFHTTE T TR KR AR S g AT B0t JERA
Floquet iy H A1 32 A 122 7 2% A 4D, T BR K A 855
HE T 78 Vivaldiok 28 75 % & 5058 1 BE B 3R 85 T 1)
PEACARFME. R B2, SREBCRE RIS BT
i, N Floquetiis 18 £ R & L. K5z 1
KL )47 AR Y Ko W B 3% LU (Voltage  Standing
Wave Ratio, VSWR)HEE. 415 (a)Fiow, EAZH
B INPIAN VivaldiFf 76 SR A FE SR, Rt S
Bl G 2 R 3d i 4 S AT AT . thAb, &R AERR



65 & K X ¥ Wk 1

T HERIE R AN, SRS T R BUR AR B0 3% BEAEVivaldiFE 51 R .
BOER, w5 (b)Fis.

N T BE— DR FURE A BT, X B 5

R AN 51 o i) R 2R B PR EAT 20 i, _ T Wihout metal post 4

= With metal post

E6fi~. HE6 (a)f1E6 (b)) LLEH, BA KL
fi N BELA7C FR) SE 308 R 30 A R AR AR AL AROR, B
TEHRARFIE. T 7E S IR B R G LR, BT S
fE4:1 (2-8 GHz) [ 58 N 33 T4 e HAZIE50 €,
BEL 70 K 3R 3 30 T-0; Fi N BELATL 1 SIS R R s T
5%, AT fE 88 75 550 56 1) A5 BV [ Py S B BE T DT

1 2

s g
Mii. ESRG GHZBA BT TE e B, (H IR R AN Tl 38 45 Frequency /GHz
(7, TR A S e 0 5 i 81 AR 948 784 fg L @ ®)

Fokr k. (H M s 25 35 5] @(6 (C))J:ﬁf eI YN El5 (a) Floquetfﬁﬁ?ﬁ‘]fﬁﬁf}";ﬂ (b)ﬁﬂﬁééﬁﬁﬁﬂ‘ﬁ’\]VSWR
TR 24 i N\ BEL 1 2 2 1 I S e, (Voltage Standing Wave Ratio).

. L 2E b L 1y e S T Fig.5 (a) The simulated model using Floquet mode. (b)
)\BETJ‘L %@E% ﬁﬁ?ujﬂpm%'ﬁ:‘{ AT e85 345 51 5 The Voltage Standing Wave Ratio (VSWR) with and
E,:J Bﬂjﬁﬁﬁ'ﬁ, ZZD @6 (d)Fﬁﬂ?, ﬁm'ﬁ'&{)ﬂbTLﬁ%%l%ﬁE without a metal post.

200 150

= = =Single antenna = = =Single antenna
Y = Antenna with periodic array = Antenna with periodic boundary

5 3 4 5 6 7 8 9 2 3 4 5 6 71 8 09
Frequency/GHz Frequency/GHz
(a) (b)

= = «Single antenna
== Antenna with period boundary

0 = = =Single antenna
w \ s Anitenna with period boundary 4
= —_—
-
]
=
o-10F
=]
]
=}
=
151
] 201
)
[
-30
1 2 3 4 ) 6 @ 8 9
Frequency/GHz

6 BRMEEH RN () CERABSL, (b) BEAMMATT, (c) Smithl# M (d) k4T R

Fig.6 (a) The real part input impedance, (b) the imaginary part input impedance, (c) Smith chart and (d) the reflection

coefficient of the single antenna and the antenna with periodic boundary.
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Fig.7 The effect of parameter L on the (a) real part and (b) imaginary part of the input impedance
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Fig.10 The simulated and measured normalized radiation patterns of the antenna array at 4 GHz. (a) 0°, (b) E-45°, and (c)
H-45°.

-45 1

= = Simulated == Simulated

o .

- -60 : . - : ”

90 -60 -30 0 30 60 90 90 -60 -30 0 30 60 90 90 -60 -30 0 30 60 90
0/° 0/° 5
0/
(@) (b) (©)

B 11 6 GHzfi EAMRA— RS 77 EL (a) 0°, (b) EM45°, (c) HM45°.

Fig.11 The simulated and measured normalized radiation patterns of the antenna array at 6 GHz. (a) 0°, (b) E-45°, and (c)
H-45°.
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Table 1 The tested records of the antenna lobe
Frequency/GHz Scan angle HPBW® in azimuth/° HPBW in elevation/° SLL"/dB Gain /dB
Azimuth  Elevation
0° 45.12 41.05 —13.35 —13.65 12.55
2 E-45° 46.15 51.13 —12.95 —-13.09 11.22
H-45° 55.26 46.23 —12.15 —13.16 10.92
0° 19.12 21.35 —-13.3 —13.94 18.09
4 E-45° 25.08 26.85 —13.09 —12.08 16.48
H-45° 24.79 27.94 —12.25 —16.21 16.68
0° 13.61 15.2 —13.09 —-12.09 21.33
6 E-45° 18.26 21.34 —13.39 —11.39 20.19
H-45° 19.38 20.91 —12.49 —12.63 19.84
0° 10.33 11.55 —12.67 —11.58 2417
8 E-45° 14.02 15.88 —13.45 —10.77 22.56
H-45° 12.28 15.05 —8.06 —12.75 22.81

*HPBW: half-power beam-width; "SLL: level of sidelobe.
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Broadband Dual-polarization Vivaldi Feed Design for QTT
110 m Radio Telescope

LIU Hai-wen! QI Huan-huan®! ZHANG Xiao-lin?> MA Jun®

(1 School of Information and Communication Engineering, Xi’an Jiaotong University, Xi’an 710049)
(2 East China Research Institute of Electronic Engineering, Hefer 230088)
(8 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)

AsstracT Radio telescopes usually conduct continuous observation across a wide frequency range, but
traditional phased array antenna designs struggle to meet the requirements of both wide band and large
scanning volume. The development of tightly coupled antennas offers a novel approach for addressing these
challenges. Accordingly, a wideband dual-polarized Vivaldi phased array feed has been designed. Firstly,
a theoretical analysis of the tightly coupled principle is conducted, incorporating Wheeler’s concept of
continuous current and equivalent circuit. It reveals that the strong coupling between the antenna elements
effectively expands the operational bandwidth of the Vivaldi phased array. Based on this, a wideband
Vivaldi phased array feed composed of 8 x9 Vivaldi antenna elements with a operational frequency ranging
from 2 to 8 GHz is designed. Furthermore, the phased array enables £45° scanning characteristics in
both E-plane and H-plane. Finally, a prototype of the phased array is fabricated and measured. The
measurement results are in good agreement with the simulated ones.

Key words instrumentation, telescopes, techniques: radio astronomy, techniques: Vivaldi antenna
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