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ABSTRACT 
 

This deliverable includes the public information describing the main achievements of the 
project. 
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1. Summary of the context and overall objectives of the project  

There is a natural trade-off between spacecraft size and functionality in all current satellite 

applications, independently of orbit and mission. Therefore, advances in both miniaturization 

and integration technologies are required to increase satellites’ lifetime and performance, 

simultaneously reducing their cost. In case of the next generation of Earth Observation satellites, 

one of the key development areas is synthetic aperture radar (SAR) antennas, where expected 

progress will be to increase the operating bandwidth - requiring, for instance wideband true-

time delay (TTD) beamformers - and miniaturization, drastically reducing the mass and volume 

compared to current implementations. 

In this scenario, the use of photonic integrated circuits (PIC) technology in the beamforming 

network, in combination with an optical fibre harness, are obvious key enabling technologies for 

future SAR instruments. Optically implemented TTD beamforming structures achieve orders-of-

magnitude improvements in size and mass. Photonic technology also brings easy routing thanks 

to wavelength-division multiplexing, antenna and RF system integration due to the EMI-free 

characteristic of the optical fibre and a reduction of the risks associated with the in-orbit antenna 

deployment. Additionally, the inherent broadband characteristic of photonic technology, 

related to the transport and processing of RF signals, simplifies the beamforming network and 

signal distribution design for different frequencies, applications and missions. This is because 

the same physical media can be used, as opposed to traditional RF implementations in which 

different substrates, waveguides and components must be used for different frequencies of 

operation. 

RETINA has performed the necessary design and research to enable the development of an 

advanced reconfigurable multi-beam photonic beamformer with centralised processing. In 

particular, a very innovative SAR approach based on photonic technologies has been designed 

whose main impact is to increase the EU competitiveness in payloads for advanced SAR missions, 

bringing to TRL5-6 previous developments initiated in the previous FP7 project GAIA. The 

implementation of compact, suitable for space, broadband frequency operation multi-beam 

photonic beamformer network (BFN) has been demonstrated with centralized processing for 

Next Generation SAR improving the figures of size, mass, power consumption and bandwidth 

processing. 

The RETINA objectives have been clearly identified, individualized and described in a measurable 

manner: 

• Objective 1: Development of a multi carrier laser with space-grade specifications 

reducing the power consumption associated to the thermal cooling by a factor of 3 per 

laser. 

• Objective 2: The design of photonic integrated circuits (PIC) designs in silicon-nitride 

technology implementing a true-time delay (TTD) BFN compatible with large antennas 

requirements. 

• Objective 3: Array antenna element (AE) design at X-band, amplification section and 

opto/electronic converters for integration in the AE. 
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• Objective 4: Design and manufacturing of a TRL6 small footprint broadband beam 

optical transmitter module up to Ka-band including RF and optical amplification and 

modulation. 

• Objective 5: Design and manufacturing of a TRL6 compact antenna optical receiver in X-

band with a co-package of amplifiers, optical receiver, and AE. 

• Objective 6: Design, manufacturing, and supply of photoreceivers in the X band with 

optimized footprint and self-stabilized gain vs temperature. The photodiode within the 

photoreceiver will cover up to Ka-band to address the objective of broadband frequency 

operation. 

• Objective 7: Flexible beam-shaping and beam-switching in a PIC-based optical BFN, 

through multi-orthogonal beam synthesis. 

• Objective 8: To demonstrate the flexibility of beam-shaping and beam-switching in a 

PIC-based optical beamformer by the combination of a fixed beamformer network 

generating massive orthogonal beams with a co-integrated switching network to 

perform beam-shaping by multi-orthogonal beam synthesis. The level of flexibility 

should be comparable with a traditional beamforming network based on phase and 

amplitude control with an order of magnitude less complexity. 

As a conclusion, a multi-beam photonic beamformer with centralised processing based on a 

true-time delay photonic integrated circuit, compatible with large antennas requirements, has 

been manufactured and tested in the frame work of RETINA project.  

The strong points of the RETINA development are the TTD photonic beamforming technique, 
the PCB flat panel antenna, the X-band photoreceiver with optimized footprint and self-
stabilized gain vs temperature. and the PIC technology; these design choices offer the possible 
customer higher performances in terms of large field-of-views (FoV) and bandwidths (BW), i.e. 
range resolution. Furthermore, a light and low power unit enable the development of larger SAR 
arrays, increasing the angular resolution. Moreover, the large FoV together with the capability 
of handling multiple beams also enable the use of the antenna in the Telecom field.  

 

2. Work performed  

During the first period the main activities were focused on the identification of the application 
scenarios (suitable missions) and its top level requirements, the system definition and the design 
of the subsystems integrating the multi-beam photonic beamformer.  

Different application scenarios were identified which are suitable to apply the photonic 
technology developed in RETINA for SAR antenna beamforming; the baseline scenarios include 
one related to big platforms, one to small platforms and one to satellites in formation, in order 
to cover as many applications as possible. Several high-level requirements were defined 
covering such scenarios, most of them applicable not only to the Antenna system, but also at 
full payload level. Moreover, it was also defined the antenna conception incorporating an 
advanced broadband multi-beam photonic beam-former.  

The design of the different subsystems was initiated in the first period, which included important 
parts of the system as the photonic integrated circuit (PIC) as part of the Beam Former network 
(BFN), the photoreceivers & the array antenna element as part of the Antenna optical X-band 
Receiver (AOR), a laser array module and the Beam optical X-band Transmitter (BOT). In parallel 
to the PIC design, important advances in the photonic manufacturing process were made as well 
as in the photonic packaging design. 
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During the second period, the main activities were focused on the detailed design and 
manufacturing of the different modules/devices which were designed to be representative of a 
full-scale system according with the application scenarios and specifications identified during 
the first Period. In parallel, the required PCB and the surrounding mechanics, RF electronics and 
control and bias circuits were designed and fabricated to achieve a functional demonstrator. 
Photonic integrated switches were tested as well as the photonic building blocks of the PIC 
beamformer.  

The multi-beam, multi-antenna element TTD Optical Beamformer Network (OBFN) 
demonstrator with fiber-optic distribution harness was constructed and tested in the laboratory. 
More specifically, the demonstrator included: 

• A planar DRA antenna panel, composed of 4 1x8 sub-array building blocks (AAE) at X-
band.  

• 4 T/R modules (implementing only the Transmit (Tx) building blocks for X-band), 
converting the optical signals coming from the optical Beam Forming Network (OBFN) 
into the RF signals feeding the DRA modules. Each module included the RF circuitry to 
feed one (V or H) polarization port of the AAE. 

• An OBFN providing the signals driving the active antenna modules with proper true time 
delay relationships in order to generate prescribed scanned beams. The TTD optical BFN 
is capable to control up to 8 beams, providing 64 true-time delays (beam squint free), 
i.e, 8 pointing angles form 20o to -20o. 

• An EGSE including a DC power unit and TC/TM interface, providing power supply and 
digital controls to both the T/R modules and optical BFN.    

The antenna demonstrator has been tested in passive configuration. The radiation pattern has 
been calculated from the measured delay profiles, showing the expected performance. 

 

Figure 1. 1x8 sub-array building blocks antenna array element at X-band. 

 

Figure 2. 4x8 DRA antenna panel 
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Figure 3: Integrated Photoreceiver 

 

Figure 4: PIC OBFN 

2.1. Overview of the results 

 RETINA main achievements have been: 

• Design, fabrication and test of a 1x8 sub-array EQM model and a 4x8 BB model at X-
band, achieving TRL7 and TRL 6, respectively. 

• Design, fabrication, packaging and test of a TRL4 X-band photoreceiver with optimized 
footprint and self-stabilized gain vs temperature.  

• Design, fabrication, packaging and test of a Beamforming Network PIC based on Si3N4 
(ultra-low-loss optical waveguides, < 0.1 dB/cm) which is capable to control 8 beams, 
providing 64 true-time delays (beam squint free), i.e, 8 pointing angles form 20o to -20o. 
The PIC includes a calibration input for system phase calibration and low loss grating 
couplers. 

• Design and validation of an efficient fibre array-to-chip assembly process with a high 
number of input/output ports. 

• Design and manufacturing of a TRL6 small footprint broadband beam optical transmitter 
(BOT) module up to Ka-band including RF and optical amplification and modulation. 

• Demonstration at bread-board level of a multi carrier laser based on spectral slicing of 
a mode-locked laser. Estimated reduction in power consumption by a factor of 3.3 
comparing with stand-alone BOTs with DFB CW lasers. 

• Design and manufacturing of a TRL4 compact antenna optical receiver in X-band with a 
co-package of amplifiers, optical receiver and antenna arrays elements. 
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• Development and functional validation of a demonstrator representative of a full-scale 
system confirming the multibeam capability and the suitability of the TTD OBFN for SAR 
Applications. 

 

2.2. Dissemination and Exploitation 

The dissemination and communication of RETINA results has been an important objective to 
ensure that the innovations of the project will be properly transferred, and their benefits 
exploited industrially and academically by partners upon the project completion. In order to 
achieve this goal, the dissemination and communication objectives and procedures were 
established during the 1st reporting period. As a result, several communications actions have 
been carried out during the project: 

- Dissemination material, such as the project logo and templates for presentations, was 
created.  

- Project results have been reported in 12 events, including two conferences and a journal 
publication. 

-  The website of the project has been created (http://www.retinah2020.eu/) and several 
communication channels (Linkedin, Twitter and Research Gate) have been established 
to reach the widest audience possible and maximize the awareness of the project 
impacts. The website has received a total of 24.007 visits and 8741 visitors during the 
project execution. 
 

The project exploitation strategy includes a commonly agreed approach within the consortium 
to use the RETINA project results and development plan towards the final product. 

The partners will exploit the results of the project by directly selling components and providing 
services. The proposers also have a strong interest in developing income from licensing and 
royalties from companies outside the current partnership.  
Indeed Beam Forming Network (BFN) is a signal processing technique that can be used for many 
types of antenna arrays in transmission or reception: to change the directionality of the array in 
transmission, a BFN controls the phase and relative amplitudes at each transmitter in order to 
create the prescribed pattern; in reception, the signal from each element array is controlled with 
different weight coefficients in order to achieve a desired pattern; i.e. control the beam width, 
the side lobe level and the position of the nulls. Therefore, the potential market is huge and 
growing, taking into account both EO and SATCOM. 

 
 

3. Progress beyond the state of the art and potential impacts 

The photonic technology developed in RETINA will have application to Earth Observation (EO) 
but also to much greater market of SATCOM, as well as in other sectors, such as antenna 
remoting or wideband receivers for spectral monitoring, SAR or Beamforming and LO signal 
distribution in large installations in the ground segment e.g. for radiotelescopes (such as SKA), 
ground stations or protection of critical infrastructures. 

The evolution of future generation of SAR has shown a clear trend towards systems with higher 
performance resulting on higher complexity (larger antennas, operating bandwidth and/or 
different frequencies) at lower cost, less mass, size and power consumption. The current 
competition in the SAR field is showing sensors with everyday more accurate resolution (down 
to 0.2m) underlining the importance of a unit that enables large range and angular resolutions. 
This trend imposes strong requirements in the today’s RF and antenna technology since larger 

http://www.retinah2020.eu/
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antennas means complex, bulky, difficult to route RF harness to transport the signal from/to the 
beamforming to/from antenna, and strong mechanical and thermal requirements, especially 
when in-orbit deployable antenna structures are required. On the other hand, larger bandwidths 
associated with larger antennas and scanning angles requires True-Time-Delay beamforming, 
resulting in bulky and complex solutions (and very limited for lower frequencies – larger delays) 
impacting directly in the size, mass and integration cost.  

The expected impact of EO in the EU society is major, through jobs creation and by impacting in 
many ways in the citizens’ life, by exploiting the vast amount, pervasive and diverse data 
obtained from EO satellites. RETINA will contribute to this scenario by providing a very flexible 
high-performance SAR antenna for EO that will allow the optimisation of missions and satellite 
payloads, thanks to the technological features and SWaP reduction, which has a direct impact 
to EO satellites usability and duration.  

The strong points of the RETINA development are the TTD photonic beamforming technique, 
the PCB flat panel antenna, the X-band photoreceiver with optimized footprint and self-
stabilized gain vs temperature. and the PIC technology; these design choices offer the possible 
customer higher performances in terms of large field-of-views (FoV) and bandwidths (BW), i.e. 
range resolution. Furthermore, a light and low power unit enable the development of larger SAR 
arrays, increasing the angular resolution. Moreover, the large FoV together with the capability 
of handling multiple beams also enable the use of the antenna in the Telecom field.  

4. Address (URL) of the project's public website 

http://www.retinah2020.eu/ 
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