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CONCLUSIONS: 

The advances in design and fabrica#on of a miniaturised photonic front-end for the next genera#on of space SAR applica#ons has been reported which incorporates new features such as, 

centralised signal processing and a truly broadband frequency opera#on approach thanks to the mul#-beam TTD reconfigurable beamforming architecture. 
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Introduc!on: 

There is a natural trade-off between spacecra% size and func#onality in all current satellite applica#ons. In case of the next genera#on of Earth Observa#on satellites, one of the key devel-

opment areas is synthe#c aperture radar (SAR) antennas, where expected progress will be to increase the opera#ng bandwidth and miniaturiza#on. In this scenario, the use of photonic in-

tegrated circuits (PIC) technology in the beamforming network, in combina#on with an op#cal fibre harness, are obvious key enabling technologies for future SAR instruments.  

Op#cally implemented true #me delay (TTD) beamforming structures achieve orders-of-magnitude improvements in size and mass, provides easy rou#ng thanks to wavelength-division 

mul#plexing, antenna and RF system integra#on due to the EMI-free characteris#c of the op#cal fibre and a reduc#on of the risks associated with the in-orbit antenna deployment. Addi-

#onally, the inherent broadband characteris#c of photonic technology, related to the transport and processing of RF signals, simplifies the beamforming network and signal distribu#on 

design for different frequencies, applica#ons and missions.  

1. Applica!on scenario 

Three missions that that could benefit from the proposed technology have been iden#fied 

which are based on reduc#on of mass and volume achievable with PIC TTD technology.  

 

2. Architecture descrip!on 

Mul#-beam photonic beamformer sub-populated demonstrator sufficient to assess the 

main technical func#onali#es: 
 

3. Photonic integrated circuit implemen!ng TTD lines 

The proposed op#cal beamforming network with TTD characteris#c is constructed by ag-

grega#ng elementary PIC-based 8x8 beamforming network which can control the delay 

of up to eight signals simultaneously and to route and combine them to a specific beam-

forming port . 
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Figure 3. 3D aggrega#on of elementary 8x8 beamforming network PICs to construct the complete SAR beamformer 

4. Sub-array antenna element  

An antenna array module in X band, whose electrical requirements will be sa#sfied over 

the whole opera#ng frequency range, has been designed. 

Figure 1.  Scheme of the photonic beamformer. RF elements are 

shown in blue, op#cal in red. 

Figure 2.  Prototype of the X-band photoreceiver module   

Figure 4. Measured transmission vs waveguide length (at wavelength of 1550nm). Fi"ed line, red, has a 

slope of 9 dB/m (propaga#on losses). The intercept with the y-axis yields a loss of 5.2 dB per fiber-chip cou-

pler. Inset:  Ultra-low loss photonic waveguide cross-sec#on   

Table2. Antenna requirements  

Table1. Reference requirements for the proposed applica#on scenario missions.  

Figure 5. 3D sketch of the sub-array 

antenna element 

Figure 6. Simulated radia#on pa"erns (direc#vity) of the AES shown in Figure 5 at 9.6 GHz in the hori-

zontal plane, port H excited. Inset: 3D views of the radia#on pa"erns.  

· RF to op#cal (E/O) conversion  

· A PIC implemen#ng TTD 

· Op#cal to RF (O/E) conversion 

· Associated op#cal distribu#on  

· Antenna elements 

· Designed and validated a PIC manufacturing 

process based on low loss Si3N4 technology. 

· An efficient fibre-to-chip assembly process, 

required for a high number of input/output 

ports, has been developed.  

· The different photonic integrated building 

blocks (BB) required to implement the ele-

mentary PIC have been designed.  


