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Photonic Integrated Circuits for  

Satellite Communication 

The growth of the internet and the amount of data 

collected for environmental sensing, scientific 

exploration, and military surveillance are key drivers for 

the exponential growth of satellite communication 

bandwidth. A move to higher frequencies is required, up 

to 50 GHz, i.e., the Q band, to enable gigabit-per-second 

communications. Another recent development is the 

use of multiple beams, which is a form of spatial 

multiplexing. Antennas with high directivity are required 

for this. Complex on-board switches are necessary to 

enable flexible payloads. Key metrics for the technology 

are the cost per bit and the cost of delivering such 

capacity in space. 

A recent development is to use laser-based free-space 

optical communications. This approach leads to less 

divergent beams, for longer reach, and higher capacity, 

in an otherwise unregulated part of the spectrum. This 

is, for example, implemented in the European Space 

Agency’s (ESA) Alphasat and in Facebook’s Internet.org 

project1. The low-divergence beams of optical 

communications also form an intrinsically secure link 

and can be used for stealth operations. 

 

 
Interplanetary data transmission rates have shot up 10 orders 

of magnitude in the past 50 years. Optical communication can 

extend that pace, potentially enabling high-definition broadcast 

from Jupiter2. Source data: NASA/JPL-Caltech. 

                                                      
1 https://info.internet.org/en/  
2 Powell, “Lasers boost space communications” Nature (2013) 
3 https://doi.org/10.1117/12.2304200  

The opportunity for photonic integration 

The opportunities for photonic integration are well 

described and aligned with, for example, the ESA and 

Airbus roadmaps3. These include photonic distribution 

of the radio-frequency or microwave local oscillator, 

photonic-based microwave frequency generation, 

conversion, filtering, routing and beamforming, and 

optical interconnects at 25 Gbps and 56 Gbps. 

The field of microwave photonics deals with microwave 

signal generation, processing and detection in the 

photonic realm4. This allows for larger operation 

4 

https://www.photonicssociety.org/images/files/publications/

Newsletter/Photonics_June_web2012.pdf  

Photonic Integrated Circuits (PICs) 
Also known as optical chips, PICs can contain tens to 

hundreds of optical components. While electronic ICs 

consist of transistors, capacitors and resistors, a PIC 

consists of, for example, lasers, modulators, photodetectors 

and filters, all integrated on a single substrate. These PICs 

are nowadays extensively used commercially, mainly in 

datacom and telecom. 

PIC technology has now become accessible to users 

without a cleanroom, through so-called multi-project wafer 

runs and open foundries. Indium phosphide based 

technology is commercially available through SMART 

Photonics and Heinrich Hertz Institute. Access is 

coordinated by the JePPIX platform: http://www.jeppix.eu/. 
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bandwidth, lower loss links, and more compact systems 

for selected applications. Such systems, or part thereof, 

can be integrated on a PIC, and microwave frequencies 

from below 1 GHz to well above 50 GHz can be 

supported. A particularly well-developed application is 

the use of PICs for the delay of microwave signals, as 

used in phased array antennas for (multiple) 

beamforming and beamsteering. Compact photonics-

based oscillators are already amongst the lowest noise 

microwave oscillators5, and PIC technology offers the 

opportunity for decreasing the cost, size and weight of 

such oscillators and allows for larger-scale system 

integration, including local oscillator distribution. 

For free-space-optical communications, optical phased 

arrays on a PIC are a prime candidate6. Although still 

experimental, initial feasibility studies have shown these 

can reach output powers up to 10 W. Prototypes, at 

lower output power, have been reported. 

 

 
Photonics-based beamforming antenna system for broadband 

satellite communication, consisting of two PICs to generate and 

phase tune the microwave signals. By working in the optical 

domain, a thousand to a million-fold increase in processing 

speed is expected. Source: LioniX International7. 

Technical challenges 

The PIC and overall system need to be carefully 

designed for the target application. Although the PIC 

technology platforms are mature now, they have been 

developed mostly for telecom and datacom 

applications, and applications in and requirements for 

satellite communications might require a different 

design of basic components, adding to the design cycle 

time and investment. 

                                                      
5 http://www.oewaves.com/micro-oeo  
6 https://doi.org/10.1515/nanoph-2015-0152 
7 https://www.lionix-international.com/  

Space-specific challenges such as radiation hardness, 

the operational temperature range, and the vacuum 

environment, are currently being addressed in various 

projects run by ESA and NASA. This is an ongoing effort. 

A strong body of knowledge already exists, as the PIC 

technology has strong similarities with the electronic 

integrated circuit technology, which has been space-

qualified in many implementations. 

Packaging of the PIC with electronics and, potentially, 

with fiber coupling, is also a challenge. However, 

commercial solutions, e.g., as offered by PHIX Photonics 

Assembly, Technobis IPPS and Linkra, and through the 

PIXAPP Photonic Packaging Pilot Line8, are now 

available. Again, efforts are being set up to make these 

packaging solutions space qualified, including, e.g., 

hermetic sealing, and avoiding epoxies. 

Discuss your application with us 

If you are interested to know more about the use of PIC 

technology for satellite communications, please contact 

Martijn Heck, coordinator of the PICs4All Application 

Support Center (ASC) at Aarhus University, Denmark. 

We are currently running projects in the field of 

microwave and terahertz photonics, funded by the 

Independent Research Fund Denmark DFF. A 

roadmapping effort to map the opportunities and 

requirements for PICs in space is currently underway9. 

We are set up to help you do a feasibility study for the 

use of PICs for satellite communication applications. 

The PICs4All consortium10 is funded under the Horizon 

2020 framework and brings together expertise to 

support end-users, like academia, research institutes 

and industry, with PIC technology. The ASCs can help 

you connect to the eco-system of designers, foundries, 

packaging and test services. 

Contact information 

Martijn Heck 

Associate Professor 

Aarhus University, Department of Engineering 

Finlandsgade 22, 8200, Aarhus, Denmark 

Email: mheck@eng.au.dk 

Phone: +45 21186394 

8 http://pixapp.eu/  
9 https://euimwp.eu/  
10 http://pics4all.jeppix.eu/ 
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