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High-precision building block for communications via photonic integration 

Emails, text messages, phone calls. These are just some of the daily tasks our modern society cannot 
live without anymore. To face the drastic uprising of information sharing and the increasing 
demands for communications networks, new communication technologies are being developed.  
The PhD research of Dan Zhao focused on a technology called Photonic Integration, which is based 
on the design of optical devices “integrating” multiple photonic functions. Specifically, Zhao 
developed a high-precision building block these optical devices which offers new possibilities for 
communications and that is now worldwide available.  

Photonic Integration is based on the development of photonic integrated circuits (PICs) or, in other 
words, optical devices which consist of at least two different blocks with different functions. Similarly 
to Lego blocks, different blocks with different topologies and functions can be assembled together to 
realize bigger structures. Nowadays, PICs are considered to be responsible for the commercial success 
of optical communication namely the transmission of information at a distance via light and optical 
chips. One of the key elements of PICs is the so-called distributed Bragg reflector (DBR), a structure 
constituted by multiple layers of alternating materials with varying refractive index, each of them 
causing partial reflection of light. To date, the precision of DBRs is limited by the accuracy of fabrication 
and characterization methods.   

In her research, Zhao was the first  in the world to realize a high-precision DBR via deep-
ultraviolet lithography technology, a printing method which enables mass-production of structures 
with feature sizes down to 100 nanometer (approximately 100 times smaller than a human hair). Also, 
to evaluate the performance of the newly developed DBR, Zhao designed an accurate testing method 
based on Optical Frequency Domain Reflectometry (OFDR), which allows the measurement of the 
precise location over the entire length of an optical cable where light reflection occurs. Importantly, 
once the high-precision performance of the DBR was proved, Zhao added her DBR to libraries which 
are accessible worldwide by users of the photonic integration technology.  

The methods developed in this research might be applied by others in the future to design and 
test other optical elements. The research described in this PhD project represents another important 
step towards more precise, easily accessible and cheaper photonic integration technology. 
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