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For high power or the high seas: Innovative sensor de-
signs made possible by glass-integrated waveguides 

Waveguides, integrated in glass, have the potential to significantly boost the 
measuring accuracy of sensors in science and industry. In the “3DGlassGuard“ 
project, a consortium including Fraunhofer IZM is working on a sensor for 
measuring the density of seawater that can potentially help generate more 
consistent climate models. The researchers are also planning to create sensors 
in glass for power electronics, using innovative optical 3D microstructures and 
AI design processes.  

Sensors tasked with electrical measurements are increasingly reaching the limits of 
what they can do - especially when used in sensitive environments such as in large en-
ergy parks or underwater. Established sensor concepts then face problems like power 
loss and costly production processes. One possible solution could be a sensor concept 
based on waveguides integrated into glass. A large consortium of major industry and 
science players is working on this in the “3DGlassGuard“ project, funded by the Ger-
man Ministry of Education and Research. Their idea is to create three-dimensionally 
structured glass layers that are built right into the circuit boards. These glass-core sub-
strates can open the gates for novel sensor and data transmission applications.  
 
The researchers at the Fraunhofer Institute for Reliability and Microintegration IZM are 
cooperating with their project partners on innovative sensors that will be attractive for 
applications in many fields, ranging from energy and infrastructure to environmental 
science or marine research. Conventional sensor solutions tend to use fiber-based or 
electrical connections. “3DGlassGuard“ is set to change this with a glass layer, struc-
tured three-dimensionally by ion exchange and Selective Laser Etching (SLE) and inte-
grated directly into the circuit board. 
 
Applications for science and industry 
In the project sensor concepts are being developed for two application scenarios. In co-
operation with Siemens, the sensor specialists are building an optical current sensor for 
power electronic applications, such as currents measurements in high-power electron-
ics. The innovative sensor breaks with the current design orthodoxy of using a circuit of 
optical fibers, which needs a lot of space on the circuit board and requires extremely 
careful alignment to work properly. Instead, the sensor uses waveguides integrated in a 
3D glass layer on the circuit board. This integrated layer avoids the problem of interfer-
ence, as the waveguides are galvanically isolated and completely encased in the glass.  
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Integrated optical waveguides are characterized by low propagation losses and at the 
same time allow light to be guided with different wavelengths and states, such as a de-
fined polarization. This makes it possible to measure and transmit much more infor-
mation than by purely electrical means. 
 
Another sensor is being built in cooperation with Sea & Sun Technology. It will measure 
the density of seawater, using the interferometer principle of measuring how light 
waves are superimposed on each other. Current density sensors rely on measuring the 
electrical conductivity of their medium, which can give an indication of its density. 
However, this process relies on different reference values worldwide. A more immedi-
ate, purely optical measurement with the new sensor design brings a far better resolu-
tion and standardization of the measurements, potentially paving the way for more 
consistent climate models. 
 
The researchers are currently working on a set of working demonstrator units that the 
industry partners on the project can subject to functionality tests. One particular chal-
lenge is the miniaturization of the new sensor concepts in order to accommodate them 
on a circuit board. However, using planar glass offers far more ways to integrate wave-
guides or other functional features. While work on the sensors is continuing, the re-
searchers are also cooperating with their partners at TU Berlin on AI-driven simulation 
tools that can help make individual optical components of the sensors smaller and 
more efficient than a human developer could make them.  
 
The “3DGlassGuard“ project started on 15 May 2024 and will conclude on 14 May 
2027. 69.3% of the total funding of EUR 4.6 million come from the German Federal 
Ministry of Education and Research as part of the Quantum Systems funding program 
(funding ID 13N16852). The project is coordinated by Siemens AG and includes Fraun-
hofer IZM, Contag AG, LightFab GmbH, Sea & Sun Technology GmbH, the Technical 
University of Berlin, and Schott AG as associate partners.  
 
(Text: Steffen Schindler) 
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A power electronics measuring and testing station. 
Ill.: Siemens AG | Picture in color and print quality: 
www.izm.fraunhofer.de/pics 
 
 
 

 
Simulation pictures* from work in the „3DGlassGuard“ project. 
Picture: Fraunhofer IZM, generated with Ansys Lumerical | Picture in color and 
print quality: www.izm.fraunhofer.de/pics 
 
 
 

 
*Left: A multi mode interference coupler (MMI) for splitting of light to different integrated wave-
guides 
Right: A taper, that widens or tightens the integrated waveguide to simplify the coupling to an 
optical fiber  

https://www.izm.fraunhofer.de/en/news_events/pics.html
https://www.izm.fraunhofer.de/en/news_events/pics.html
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The Fraunhofer-Gesellschaft, headquartered Germany, is the world’s leading applied research organization. 

With its focus on developing key technologies that are vital for the future and enabling the commercial exploi-

tation of this work by business and industry, Fraunhofer plays a central now and in the future. Founded in 1949, 

the Fraunhofer-Gesellschaft currently operates 76 institutes and research institutions throughout Germany. The 

majority of the organization’s 32,000 employees are qualified scientists and engineers, who work with an an-

nual research budget of 3.4 billion euros. Of this sum, 3.0 billion euros are generated through contract research. 

 

Highly integrated microelectronics are omnipresent and yet often evade the eye. With 4 central technology 

clusters, Fraunhofer IZM covers a wide range of areas in quantum, as well as medical, communications and 

high-frequency technology. With our world-leading expertise, we offer our customers cost-effective develop-

ment and reliability assessment of electronic packaging technologies, as well as custom-tailored system integra-

tion technologies at wafer, chip and board level. For over 30 years and at 3 locations, we have been supporting 

start-ups as well as medium-sized and large international companies (with knowledge transfer) and researching 

key technologies for intelligent electronic systems of the future. 

 


