NEABLE WAVEGUIDE AHRAY
AUIATION & SCATTERING EXPERIMENTS

Introduction Design

Waveguides

* Guide the propagation of electromagnetic waves [1]

 All-metal construction = low loss & high efficiency and high-power handling capacity [2,3]

* Planar waveguide array is compact, reduced manufacturing complexity compared to parabolic
reflectors [4,5]

* Plate support made from
Acrylonitrile Butadiene 30 mm
Styrene

* Design frequency: 9.5GHz

e Within cut-off frequency of

Reflectarray/Periodic Scatterer propagation mode TE,, and
* Reflecting elements in array introduce phase shifts or time-delays to steer beam via principle of TE,, Figure 1: Unit Cell Wall Figure 2: Plate Support
superposition [6,7] Phase Distribution of Reflection Coefficient (Unwrapped)
* Reconfigurable array with height adjustable reflecting elements c | /m\2 n\ 2 = 95 GHz
* Advantages: cheaper option than phased array with lossy & expensive parts [6,8-12] fe = EV (E) + (3) 400
Our Research g 500
e Utilising additive manufacturing, fused filament fabrication for 8 heights corresponding to * afeedhornis attached at the g 200
reflection phases of 0°, 45°, 90°, 135°, 180°, 225°, 270°, 315° front for radiating cases % 100
* Benefits: cheap, light, accurate high dimensions [10] :E 0
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Figure 3: Phase vs depth of unit cell

Simulate unit cell on CST Microwave i Model waveguide array in AutoCAD
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* Phase-shift required by each cell of the array is calculated via the following equation:
@, (xy) = k|—(x, cos@; + y,, sin ¢;) sin 8; — (x,, cos ¢ + y sin @) sin 6,

Due to facility limitations, a monostatic radar cross-section is captured.
* Major peaks agree fairly well with simulated peaks
* Angular offset — manual alignment of setup and rotation arm

o difficult to capture positions of nulls accurately

‘ Radiation Case - Normalised Farfield Realised Gain Abs (Phi = 0)

L Figure 4: Waveguide Array and Stand Figure 5: Feedhorn

Figure 6: Experiment Set-up (w/o feedhorn)

* Feedhorn placed 0.26 m away from waveguide array (F/D=1.22) for edge taper of -10dB to reduce 0 - Simulated (Quantised) - Line e Label
edge diffractions [13] Inci .
. . . . ncident: 10
* Phase-shift required by each cell of the array to steer beam is calculated via: b; = 0° —
. . i~ 0
¢ y) = kld; = (xy 05 @y + yp sin ;) sin 6, ] 0, =—30° 3B \
e Shape of main beam in good agreement with simulated results b =30
* Differences in sidelobes shape — coarse tuning of rotatable arm supporting the receiver Scattered: % -40
* Flat surface of lens slightly tilted by 2° from the vertical ¢s = 0° o 50
0, = 45°
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Figure 7: Simulated & Measured RCS Figure 9: Simulated & Measured monostatic RCS

L Conclusion | | References B

[1] Britannica, T. Editors of Encyclopaedia (2011, May 27). waveguide. Encyclopedia Britannica. https://www.britannica.com/technology/waveguide [8] S. Gao, Y. J. Guo, S. A. Safavi-Naeini, W. Hong and X. -X. Yang, "Guest Editorial Low-Cost Wide-Angle Beam-Scanning Antennas," in IEEE

. * [2] G. -L. Huang, S. -G. Zhou, C. -Y. -D. Sim, T. -H. Chio and T. Yuan, "Lightweight Perforated Waveguide Structure Realized by 3-D Printing for RF Transactions on Antennas and Propagation, vol. 70, no. 9, pp. 7378-7383, Sept. 2022, doi: 10.1109/TAP.2022.3208790.
R e C O n fl g u ra b le Wavegu I d e a r ra y Applications," in IEEE Transactions on Antennas and Propagation, vol. 65, no. 8, pp. 3897-3904, Aug. 2017, doi: 10.1109/TAP.2017.2715360. [9] Pini, A., [Art Pini]. (2019, August 28). The Fundamentals of RF Power Dividers and Combiners. DigiKey. Retrieved December 28, 2023, from
[3]). Tak, A. Kantemur, Y. Sharma and H. Xin, "A 3-D-Printed W-Band Slotted Waveguide Array Antenna Optimized Using Machine Learning," in IEEE https://www.digikey.com/en/articles/the-fundamentals-of-rf-power-dividers-and-
M M ° Antennas and Wireless Propagation Letters, vol. 17, no. 11, pp. 2008-2012, Nov. 2018, doi: 10.1109/LAWP.2018.2857807. combiners#:~:text=Its%20major%20disadvantage%20is%20power%20loss%20via%20the,the%20resistive%20power%20divider%20use%20rel /
\/ L I g ht \/ C O St- effe Ct Ive X Te d I O u S [4] ). Huang and J. A. Encinar, Reflectarray Antennas, by Institute of Electrical and Electronics Engineers, John Wiley & Sons, 2008. atively%20low%20power :

[5] M. Zhang, J. Hirokawa and M. Ando, "A Four-Way Divider for Partially-Corporate Feed in an Alternating-Phase Fed Single-Layer Slotted Waveguide [10] Polo-Lépez L, Masa-Campos JL, Ruiz-Cruz JA. Reconfigurable H-plane waveguide phase shifters prototyping with additive manufacturing at K-
Array," in IEEE Transactions on Antennas and Propagation, vol. 56, no. 6, pp. 1790-1794, June 2008, doi: 10.1109/TAP.2008.923313. band. Int J RF Microw Comput Aided Eng. 2019; 29:e21980. https://doi-org.libproxy1.nus.edu.sg/10.1002/mmce.21980

S ugge Ste d i m p rove m e nt [6]S. M. A. Momeni Hasan Abadi, K. Ghaemi and N. Behdad, "Ultra-Wideband, True-Time-Delay Reflectarray Antennas Using Ground-Plane-Backed, [11]C. Liu, F. Yang, S. Xu and M. Li, "An E-Band Reconfigurable Reflectarray Antenna Using p-i-n Diodes for Millimeter-Wave Communications," in IEEE
Miniaturized-Element Frequency Selective Surfaces," in IEEE Transactions on Antennas and Propagation, vol. 63, no. 2, pp. 534-542, Feb. 2015, doi:  Transactions on Antennas and Propagation, vol. 71, no. 8, pp. 6924-6929, Aug. 2023, doi: 10.1109/TAP.2023.3291087.
. . . . 10.1109/TAP.2014.2381231. [12] F. Venneri, S. Costanzo and G. Di Massa, "Design and Validation of a Reconfigurable Single Varactor-Tuned Reflectarray," in IEEE Transactions on
® E le Ct rO = m e C h a n IC a l Syste m | n Ste a d Of m a n u a l_ re C O nflgu ratl O n [7] Cadence System Analysis. (n.d.-a). Phased Array Antennas: Principles, Advantages, and Types. Cadence. Retrieved December 28, 2023, from Antennas and Propagation, vol. 61, no. 2, pp. 635-645, Feb. 2013, doi: 10.1109/TAP.2012.2226229.
https://resources.system-analysis.cadence.com/blog/msa2021phased-array-antennas-principles-advantages-and-types [13] Nayeri, P, Yang, F., & Elsherbeni, A. Z. (2018). Reflectarray antennas [Wiley Online Library]. John Wiley & Sons Ltd.

https://doi.org/10.1002/9781118846728

% __
oM r 7 .
1111l A1111 1
EEREER R EEEE o

Young Defence Scientists Programme
T =em———— DSTA

Defence Science &
Technology Agency




