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Fig. 1. The phase distribution of an 18 X 18 transmitarray: (a) Continuous phase distribution;

(b) 1-bit phase quantization phase distribution.
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N1, BHR g 45, TRV, FIHEARENERLHRA, T HEIATT
SRR AT R LR RE, B H 2 BISH 0 Bocide . TARFIRIN S R, I AYihs

ASCAT AT BT R B RS e R RE RS . (FEL AT RN TS A R
1 ASE JE AT 640% 640 BETH

Table 1. Different element period with same aperture size of 180 mm X 180 mm (649%640)

Opt. oo Max. Do Min. Dy ADg Ave. Do
(deg) (dB) (dB) (dB) (dB)

AR ookl FEocsH

_ p=0.6740 9x9 110 22.1 19.6 2.5 212
%;%;g g P00 12x12 134 22.6 21.1 1.5 22.0
p=0.3340 18x18 155 229 21.7 1.2 224
p=0.6710 9x9
BEMAL p=0.5040 12x12 — 24.7 24.7 0 24.7
p=0.3340 18x18

2 A JE IR 1820X 1820 MM
Table 2. Different element period with same aperture size of 540 mm X 540 mm (1849 X 1840)

Opt.po  Max. Dg  Min. Dy ADy Ave. Dy
(deg) (dB) (dB) (dB) (dB)

MM oY MRk

_ p=0.67) 27x27 135 30.9 30.2 0.7 30.5
%{lgﬁt . p=0.5010 36x36 142 31.8 31.2 0.6 31.5
p=0.33) 54x54 143 32.1 31.6 0.5 31.9
p=0.67A 27x27
HESAEAL p=0.5070 36%36 — 34.3 34.3 0 34.3
p=0.33) 54x54

3 ANIE AR T B 1840 X 1820 FETHI LB 5014 I R M RE X Ll
Table 3 Performance comparison of 50° scanning beams realized by 1810%181¢ array apertures
composed of elements with different periods

Opt. po  Max. Dg  Min. Dy ADg Ave. Do
(deg) (dB) (dB) (dB) (dB)

AR ookl FEoosH

_ p=0.6710 27x27 146 26.1 25.5 0.6 25.8
%{1%;; . p=0.5010 36%36 143 28.7 28.3 0.4 28.5
p=0.3310 54x54 174 29.6 29.4 0.2 29.5
p=0.6710 27x27
LML p=0.5040 36x36 — 32.0 32.0 0 32.0
p=0.3310 54x54

A4 TH] 9 AT B G S X 3 S B AR o PR RE IO SE I, 40 K6 6A0% 64011 1820% 1840
PR A2 RS A3 S B AT 50 o MUK F B HH2R0.67 20, 0.50407110.33 40 1 34 .
JCARE, ISR R 2RI R AR R R R B R SRR TR 2R
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Fig. 2. The calculated Dy as a function of ¢,.

Fig. 3. The normalized radiation patterns with different element periods and phase types.
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Fig. 4. Three-dimensional radiation patterns in the uv-plane for variable conditions: (a) p=0.67Ao
with 1-bit phase quantization; (b) p=0.50% with 1-bit phase quantization; (c) p=0.33Ao with 1-bit
phase quantization; (d) Continuous phase distribution.
x4 FYIMALRZE MR AERE

Table 4. Average/Standard deviation of phase errors for Case 1

Opt. o9 Max. Dy Max. SLL Ave. PE PEo

VKR TR o
FARA oo FEocdH (deg) (dB) (dB) (deg) (deg)

. p=0.6710 9x9 110 22.1 -12.0 61.4 43.8

%ﬁlﬁt i =0.5010 12x12 134 22.6 -15.0 52.6 34.5
p=0.3310 18x18 155 22.9 -18.7 47.0 29.6
p=0.6710 9x9 -28.0

LA p=0.5040 12x12 — 24.7 -28.4 0 0
p=0.3310 18x18 28.7
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Fig. 5. Analysis of phase quantization error within the region of 0.6710x0.674¢: (a) Element with a
period of 0.674¢; (b) Element with a period of 0.334.
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(12)
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Bl 6 ANE O ARZE S FE XS B () ANOARIESIEE; (b) K OfEIE G E
Fig. 6. Analysis and comparison of transmitarrays with different apertures: (a) Small-aperture

transmitarray; (b) Large-aperture transmitarray.
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s G R i C

LIRS

--../
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Fig. 7. The conceptual illustration of the design process of miniaturized element: (a) Element 1;

(b) Element 2; (c) Element 3.
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Fig. 8. The simulated transmission performance of elements: (a) Element 1; (b) Element 2; (c)

Element 3; (d) Element 4.
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Fig. 9. The operating mechanism of decoupling structure: (a) The miniaturized element; (b) The
miniaturized decoupling element.
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B 11 PR, AR e R e BT A R AR

10 FETEPE 05 5 R (a) AEREE: (b) L&EEE
Fig. 10. Comparative simulation models of rectangular waveguide: (a) With metallic back cavity;

(b) Without metallic back cavity.
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Fig. 11. Port coupling coefficients of the rectangular waveguide.
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i, BRI I o bR A B TR FIR AT T AR, AR NG T BT R

B, R BT IR R B

(b)
K12 BB EER () ARREE: Ob) L&REE

Fig. 12. Waveguide excitation simulation model: (a) Metallic back cavity equipped; (b) Metallic

back cavity absent.
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Fig. 13. Current distribution of waveguide-excited model: (a) With metallic back cavity; (b)
Without metallic back cavity.
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Table 5. Parameters of the proposed miniaturized element

¥

w / I w1 L w2 2] w3

{ (mm) 7.8 7.5 4.7 2 1.6 4.2 1.4 1.8
ZH I Wa 1 ) 3 hi h p
{E (mm) 235 06 06 08 04 0.1 152 10
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Fig. 16. The fabricated samples and measurement with WR90 waveguide.
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Fig. 18. The measurement in microwave anechoic chamber:

(a) The fabricated compact reconfigurable transmitarray antenna; (b) The measurement of antenna.
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Table 6 Measured scanning beam in E-plane and H-plane at 10 GHz
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Fig. 19. The simulated and measured far-field radiation patterns for different scan angles at 10 GHz:
(a) In E-plane. (b) In H-plane.
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Table 7 Comparison of the proposed antenna with some literature
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[19] 9.80 2 0.50x0.50  >7.1 10x10 16.0 - @A40°
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[23] 13.5 2 0.54x0.54  >7.0 8.6x8.6 14.7 3.6 dBB@60°
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Effect Mechanism of Element Period on Radiation
Performance of Transmitarray and Its Application in Antenna

Design’

+
GUO Zexu, YANG Huanhuan ., LI Sijia, LI Tong, ZHOU Yulong, CONG Lili, and CAO Xiangyu
(Information and Navigation College of Air Force Engineering University,
Xi'an, Shaanxi, 710077, China)

Abstract

Spatially fed scanning antennas combine the advantages of optic theory

and antenna array technology, exhibiting the capabilities of real-time

beam manipulation, flexible structural configuration and low cost.

According to the placement of the feeding source, the spatially fed

scanning antennas can be categorized into reconfigurable reflectarray

antenna (RRA) and reconfigurable transmitarray antenna (RTA). In

oeneral, designing RTAs is more challenging due to the simultaneous

requirements of low-loss transmission and tunable transmission phase.

Despite such design difficulties, RTAs are more applicable to practical

engineering application owing to the elimination of feed blockage. In

recent years, extensive research has been conducted on various RTAs for a

wide range of engineering applications. Nevertheless, existing studies

predominantly adopt half-wavelength periodic elements for RTA design,

while the potential effects of element period on the radiation performance

of RTAs remain rarely explored. This paper investigates the influences

and underlying mechanisms of element period on RTA radiation

performance under continuous phase compensation and 1-bit quantized

phase compensation conditions. The simulated results demonstrate that

variations in element period exert negligible effects on the directivity of

RTAs adopting continuous phase compensation. In contrast, for RTAs

with 1-bit quantized phase compensation, element period reduction can

effectively mitigate aperture phase errors. and enhance antenna directivity,

and this enhancement effect is particularly significant for small-aperture

RTAs. Guided by the above conclusions, a miniaturized 1-bit

reconfigurable transmitarray element with a period of 0.331, is proposed

through four design procedures, including initial design, period reduction,
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element decoupling and bias network simplification. Based on a

comprehensive analysis of element performance, a rectangular waveguide

is utilized to measure and validate the fabricated prototype of the

miniaturized element. On the basis of element analysis, a compact RTA is

designed with 16x16 miniaturized elements and a planar feed. The overall
profile height of the RTA is only 80 mm, equivalent to 2.7/, at 10 GHz.
Measured results show that the RTA achieves a realized gain of 18.6 dBi
and an aperture efficiency of 20.3% at 10.0 GHz, realizing high aperture

efficiency with a small aperture size. In addition, the RTA realizes

wide-angle beam scanning from 0° to 60° in both the E-plane and H-plane.

When the beam is scanned to 60° in the E-plane, the gain degradation is
merely 3.1 dB. Compared with the existing RTAs, the proposed RTA
possesses the advantages of compact structure, bias simplification, and

favorable radiation performance.
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