Design of Low-Profile Broadband Dual-Polarized Integrated Patch Sub-Array for X-band SAR Payload on Small Satellite
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[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Abstract A practical low-profile broadband dual-polarized patch sub-array is designed for highly integrated X-band SAR payload on small satellite with enhanced isolation, suppressed cross-polarization and reduced side-lobe level. The proposed sub-array is lightweight with low profile (due to its tile structure realized by multi-layer PCB process). The proposed sub-array has 14-dB operating bandwidths of 0.7 GHz for both H- and V-pol radiations with isolation above 40 dB. It achieves the realized gain of 15 dBi. The side lobe levels are below -20 dB. The cross-to-co polarization ratios are lower than -40 dB at the bore-sight maximum-gain direction.
1.	INTRODUCTION
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK15][bookmark: OLE_LINK16]   Space-borne Synthetic Aperture Radar (SAR) has entered into a golden age [1]. Dozens of SAR sensors have been deployed in space and more will be launched in the next few years. However, most of the deployed space-borne SAR payloads are based on big satellites with heavy weight and very high cost. Recently, with the fast development of microwave technologies and processing units, there is a trend toward designing highly integrated detection systems. This advance offers researchers an opportunity to design highly integrated SAR payloads on small satellites with compact size, light weight and low cost [2].  
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK12]   In order to build a feasible integrated SAR payload, a proper array antenna must be designed to satisfy the system requirements. Several slotted waveguide array antennas have been designed for space-borne SAR payloads [2]-[4], but these bulky waveguide antennas are heavy, very expensive, complex to manufacture and not suitable for dual-polarization applications. Several researchers have suggested that the patch array antenna may be installed in a space-borne SAR system due to its advantages of low profile, low cost, ease of installation and suitability for dual-polarization applications [5], [6]. However, the dual-polarized patch antenna array in [6] utilizes SMA connectors and cables to link the T/R module (which is cumbersome and incurs additional power loss). Recently, other researchers have proposed that the compact patch arrays could be designed using the multi-layer Printed Circuit Board (PCB) process [7], [8]; however, the designed arrays in these papers achieve only single polarization. 
   In this paper, we present a practical low-profile broadband dual-polarized patch sub-array for use in a highly integrated X-band SAR payload on a small satellite. The proposed sub-array consists of 1×8 patch-type radiation elements and corresponding power distribution network with a thickness of 4 mm. Its compact size is due to the multi-layer tile structure with a standard multi-layer PCB process. Other advantages of our antenna design are broadened bandwidth, enhanced isolation, suppressed cross-polarization and reduced side-lobe level. A double-layer patch structure is utilized to broaden the bandwidth. A differential feed technique is introduced to enhance isolation and suppress cross-polarization. Finally, an amplitude-tapering feed network is used to realize the Taylor synthesis for the array antenna and suppress the side-lobe level.
2.	ANTENNA DESIGN AND RESULTS 
[bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK23][bookmark: OLE_LINK24]   The commercial EM simulation software HFSS Ver. 2014 is used to develop the proposed sub-array. According to the design specifications, the whole array antenna consists of 16 dual-polarized sub-arrays arranged side by side. Each of the sub-arrays is driven by a dual-polarization T/R-module via commercial SMP connectors. The interval between two adjacent sub-arrays is set at 22 mm, allowing for a sufficient beam scan range with elevation of ± 20o. 
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[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Figure 1: Schematic of proposed integrated sub-array: (a) top view, and (b) side view.
	Sub
	Material
	εr
	Thickness,mm

	Sub #1
	Roger 5880
	2.2
	0.787

	Sub #2
	Rohacell 51HF
	1.07
	2

	Sub #3
	Roger 5880
	2.2
	0.381

	Sub #4
	Roger 5880
	2.2
	0.508


Table 1: Layer parameters
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK47][bookmark: OLE_LINK48]   The schematic of the proposed sub-array is shown in Figure 1. The sub-array has a volume of 150 mm × 24 mm × 4 mm (including both the patches and the power distribution network). The patches and feed network on different layers are linked through conductive via holes. The driven patch has an area of 10 mm × 9.6 mm and the parasitic one has an area of 9.4 mm × 9.4 mm. A 180o differential feed is utilized to excite the patch radiator and produces the horizontal-polarized radiation pattern, whereas a simple probe feed is used to produce the vertical- polarized pattern. The layer configurations of the multi-layer substrate for the sub-array are listed in Table 1. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK46]   The S-parameters of the sub-array are plotted in Figure 2 which shows that the antenna has 14-dB return-loss operating bands from 9.35 GHz to 10.1 GHz (0.75 GHz, 7.8%) for H-pol and from 9.3 GHz to 9.96 GHz (0.74 GHz, 7.7%) for V-pol — fully covering the desired operating bandwidth. The port-to-port isolation remains above 40 dB over the whole band; this is 22 dB higher than the original one without differential feeding.
[image: ]
Figure 2: S-parameters of proposed antenna.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]   The radiation patterns of the sub-array at 9.65 GHz are plotted in Figure 3. Both H-pol and V-pol radiation patterns have realized gains of 15 dBi over the entire operating band. The side-lobe levels are suppressed to -25 dB for the H-pol radiation pattern and -20 dB for the V-pol radiation pattern, which are more than 10 dB lower than the original one with equal feed network. The cross-to-co polarization levels are -40 dB at the boresight maximum-gain direction for both polarizations, which are 20 dB lower than the original one. The key performance parameters are summarized in Table 2.
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Figure 3: Radiation patterns of antenna at 9.65 GHz (a) H-pol, and (b) V-pol.


	Parameters
	H-pol
	V-pol

	Central freq
	[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK39][bookmark: OLE_LINK40]X-band, 9.65 GHz

	Bandwidth
(14 dB)
	0.75 GHz, 7.8%
	0.74 GHz, 7.7%

	Isolation
	> 41 dB

	Realized gain
	15.1 dBi
	14.8 dBi

	Side lobe level
	[bookmark: OLE_LINK53][bookmark: OLE_LINK54]< -25 dB
	< -20 dB

	Cross-to-co
pol ratio 
	[bookmark: OLE_LINK55][bookmark: OLE_LINK56]< -30 dB
	< -30 dB

	Scan range
	[bookmark: OLE_LINK57][bookmark: OLE_LINK58]± 20o


Table 2: Key performance parameters of sub-array
3.	CONCLUSIONS
A commercial low-profile broadband dual-polarized patch sub-array is proposed in this paper for a space-borne X-band (centred at 9.65 GHz) SAR payload. The proposed sub-array consists of patch-type radiation elements and feed network with compact volume which is realized by a multi-layer tile structure with standard low-cost and high-reliability multi-layer PCB process. Additionally, the sub-array antenna achieves broadened bandwidth, enhanced isolation, suppressed cross-polarization and reduced side-lobe level. The designed sub-patch array with the above-mentioned advantages is a suitable choice for our desired X-band SAR payload on a small satellite.
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