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I. INTRODUCTION

As demand for broadband telecommunication increases, the use of the Q/V-band on the gateway link will allow some spectrum to be made free for the user links in Ka-band multispot-beam antennas. In addition more bandwidth will become available to the gateway links. A migration towards Q/V-band for gateways is therefore expected in the coming years. An example Q/V-band gateway coverage is shown in Fig. 1. In a study of the antenna accommodation required to meet this coverage, the feed design has to accommodate a minimum feed spacing of 26mm enabling smaller reflector sizes (e.g. 2m), and lower F/D ratios to be used in the antenna system architecture. The feeds would need to be adapted for different missions with mission specific filters and feed horns. Here we describe the development of such a Q/V-band feed chain EM.

II. FEED CHAIN DESIGN REQUIREMENTS

The generic Q/V-band frequency & polarisation plan and the selected filter frequency plan are shown in the tables I and II. As can be seen, some of the Receive (Rx), frequencies are assigned to the top of the Q-band adjacent to the Transmit (Tx), frequencies. The filter frequency plan was selected to cover the most challenging scenario.

The other key design targets are: an axial ratio (AR), of 0.49dB or less, polarisation isolation of 30dB or better, and an insertion loss of <1dB. Filters are expected to provide >50dB rejection between bands.

All this has to be achieved within a feed diameter of 25mm to ensure a minimum feed spacing of 26mm, and so feed architecture and complexity are a serious consideration for meeting these challenging requirements.

III. FEED ARCHITECTURE

The initial phase of the project consisted of a feed architecture design trade-off to find the most suitable architecture for development. Wideband & and dual band architectures were considered. It was found that only the wideband architecture was capable of meeting the full Q/V band frequency plan. It should be noted that a dual band Q/V feed architecture has been published [START_REF] Amyotte | A Review of Recent Antenna Developments at MDA[END_REF], but the feed did not cover the full Q/V band and could not be considered a generic design. Additionally, the design complexity of dual band architectures makes achieving a slimline feed (inside 25mm), far more challenging.

The wideband feed architecture relies on suitable wideband polarizer and OMT designs to meet the axial ratio and isolation requirements using reasonable manufacturing tolerances over the full Q/V-band, (a bandwidth ratio of at least 37%). But this simple and modular architecture is better suited to achieving a slimline feed build. These critical components were selected for a breadboard phase to de-risk the full EM feed chain development. 

IV. THE BREADBOARD PHASE

As a result of the feed trade-off activity, the following critical components for the wideband feed architecture were selected for breadboard models BBM:

• Half Wave Plate Quarter Wave Plate HWPQWP Polariser • Turnstile OMT

A. HWPQWP Polariser

Background information for this type of polariser design can be found in [START_REF] Lilie | Wide-Band Circular Polarizers Made with Quarter-Wave and Half-Wave Plates[END_REF]. In addition, this concept has been adapted for phase shifters to give a flat phase response as reported in [START_REF] Pisano | A 90-GHz Waveguide Variable Phase Shifter[END_REF] & [START_REF] Pisano | A Broadband W-Band Polarization Rotator With Very Low Cross Polarization[END_REF]. It is effectively a compensating polariser design which considerably improves the axial ratio over the bandwidth pre-defined by the individual quarter wave plate QWP element of the polariser.

The polariser element selected was a corrugated iris polariser which provides a good level of return loss and isolation (>30dB full band). The design and analysis was carried out using Computer Simulation Technology CST Microwave Studio Suite MWS. Predicted (red trace), and measured (green trace), return loss results are shown in Fig. 3 for the QWP polariser validation model. The specified drawing tolerance for critical dimensions was +/-10um. The 2 graphs show the return loss response with the input linear polarisation parallel and perpendicular to the corrugations respectively. The measured return loss agrees very closely with CST prediction. A batch of 3 QWP polariser elements were then manufactured and used to build the HWPQWP polariser BBM. The HWPQWP polariser assembly consists of 3 identical machined QWP elements (same drawing). Alignment features on the QWP element allow them to be configured as a HWP polariser followed by the QWP polariser in the correct orientation.

The excellent agreement between the measured vs predicted return loss of the HWPQWP polariser is shown in Fig. 5. The axial ratio results were better than 0.3dB over the full Q/V-band and are shown in the section under Polariser & OMT (Fig. 12).

B. Turnstile OMT

It is known that a turnstile OMT is a good option for wideband performance [START_REF] Tribak | Octave Bandwidth Compact Turnstile-Based Orthomode Transducer[END_REF], and that designs have been implemented in very small geometries at around 100GHz [START_REF] Pisano | A Broadband WR10 Turnstile Junction Orthomode Transducer[END_REF]. The challenge here is to fit turnstile OMT geometry into an axially confined space rather than the short and wide designs which are a natural outcome of this type of OMT. This has been achieved by forming the OMT out of a series of machined layers and keeping the geometry centered about the turnstile junction. Also included in the design are loads at the difference ports of magic tees used to combine the arms of the OMT. The waveguide ports at the input of the OMT are symmetrically placed about the centre line and have the same orientation so that the triplexers can then be stacked behind it to maintain the slimline geometry.

The CST MWS Model of the turnstile OMT is shown in Fig. 6. The design was carried out by breaking down the OMT into its component parts and bringing them together using CST Design Studio DS. Once the design had been optimised a full CST MWS model was used to verify the performance.

The OMT assembly is formed out of 7 machined blocks with 4 bolts from either end screwed into the central block to hold it together. Dowels are used for precision alignment of the machined blocks. Again, the specified drawing tolerance for critical dimensions was +/-10um.

A photo of the OMT parts prior to assembly is shown in Fig. 7. The assembled OMT is shown in Fig. 8 with and without test adapters fitted. 

C. Polariser & OMT

The HWPQWP polariser was assembled with the turnstile OMT for test. The response was also measured with the circular load gated out and showed excellent agreement to the CST MWS prediction. The measured gated vs predicted ports isolation is shown here in Fig. 11. The measured performance has an axial ratio of 0.3dB or better (Fig. 12), despite the polariser elements being manufactured about 60um oversized by mistake. The noisy response just around 48GHz was from the calibration. The original design prediction is also shown. The polariser & OMT builds are being upgraded to EM build standard mainly by applying an alocrom finish to all the machined parts and tidying up the fasteners. The mechanical model of the complete Q/V-band feed system EM is shown in Fig. 13. This complete EM Feed assembly will be RF tested for Sparameters and radiation patterns to complete the activity. The predicted S-parameter performance of this 6 port feed system has been calculated using CST DS (Fig. 14). 

VI. CONCLUSIONS

A Q/V band feed system EM has been designed to cover the full Q/V-band spectrum. It is a modular design with a generic wideband polariser network at its core producing both hands of circular polarisation in both Q & V band to meet an axial ratio of 0.49dB or less. The wideband polariser & OMT BBM has a measured axial ratio of <0.3dB over the full Q/V band. The most challenging filter frequency plan has been considered for the development to prove the design for the most demanding scenario. The feed system is predicted to achieve a polarisation isolation of >30dB, rejections of >50dB, and a typical return loss of 20dB. The feed is designed to fit with horn spacing down to 26mm.
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 9 Fig. 9. QV Polariser & OMT (+ test adapters)Return loss into a circular waveguide load is shown below for the 2 OMT ports:
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 11 Fig. 11. Polariser & OMT BBM Measured (Gated) vs Predicted Isolation.
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 12 Fig. 12. QV Polariser & OMT Measured Axial Ratio.
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 13 Fig. 13. Q/V Band Feed System EM 3D Model.
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 14 Fig. 14. Q/V Band 6 Port Feed System CST DS Prediction.

TABLE I

 I 

	.	FREQUENCY & POLARIZATION PLAN FOR GENERIC FEED
	Service		Frequency Range (GHz)	Polarizations
	Uplink (Q-Band Rx)	42.50 -43.50	RHCP & LHCP
	Uplink (V-Band Rx)	47.20 -51.40	RHCP & LHCP
	Downlink (Q-Band Tx)	37.50 -42.50	RHCP & LHCP

TABLE II .

 II 

FILTER FREQUENCY PLAN Service Frequency Range (GHz) Uplink (Q-Band Rx) Uplink (V-Band Rx) 42.50 -43.50 47.20 -51.40 Downlink (Q-Band Tx) 37.50 -40.50
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