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Optical Silicon Chip Breaks All Records  
KIT Researchers Reach Four Times the so Far Highest Speed in International Cooperation – Publi-

cation in Photonics Nature 

 

 

 

 

 

 

 
New dimensions in communication are opened up by an ultrafast chip now developed 

by researchers. (Photo by: Luca Alloatti) 

 

An international team of researchers has developed a 
chip that is four times more powerful than the previ-
ous record holder. It promises a faster internet at 
lower costs and the processing of larger quantities of 
image data. The scientists, including four research-
ers from the Karlsruhe Institute of Technology (KIT), 
combined organic chemistry with silicon technology. 
Their success was published in the April issue of 
Photonics Nature. 
 

The group has “combined the best of two worlds”, out-
lines Professor Jürg Leuthold from the Institute for Pho-
tonics and Quantum Electronics (IPQ). The scientists de-
veloped an organic material that combines in a so far un-
precedented manner a high optical quality with the capa-
bility of transmitting light signals. The international team 
headed by Leuthold and Professor Wolfgang Freude 
from Karlsruhe found a technical solution for integrating 
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this material in silicon chip technology, such that it can be 
used in optical telecommunication systems. Their per-
formance is enhanced enormously: “The chip can pro-
cess the data of 2.6 million telephone callers”, says 
Leuthold. 
 
In an experiment, the researchers demonstrated the 
functionality of ultrafast data processing. By means of the 
chip, an optical data signal of 170.8 gigabits per second 
was transcribed into four data flows of 42.7 gigabits per 
second. Then, these flows were further processed elec-
tronically. According to Leuthold, “the speed limits 
caused by electronics can now be exceeded by a factor 
of four – and even more -, since the chip processes the 
data in an optical manner”.  
 
It has been known for years that data can be processed 
far more rapidly with optical means than electronically. 
But so far, nobody has succeeded in demonstrating that 
bit rates far above the sound limit of 100 gigabits per se-
cond can be reached with inexpensive silicon. For sever-
al years, researchers all over the world have been busy 
in developing silicon technology. Only recently, Intel an-
nounced first optical signal processing of 40 gigabits per 
second. 
 
The team of Leuthold and Freude have now exceeded 
this record by a factor of four due to their new approach: 
In contrast to light-conducting waveguides made by com-
petitors, the light-guiding tracks on their silicon chip have 
a fine gap in the center. It has a width of just 100 na-
nometers – a human hair is seven hundred times thicker 
in comparison. This gap was filled with a novel organic 
molecule which provided the optical waveguide with ultra-
fast features. For this purpose, the material was heated 
up to the vapor phase, in which it was put down onto the 
silicon structure. Then, the material assumed a homoge-
neous solid state. In this way, the molecules fill the gap 
completely and homogeneously and prevent losses due 
to scattering: “This was the breakthrough”, underlines 
Leuthold. 
 
According to the researcher from Karlsruhe, the probabil-
ity is high “that we can continue to use silicon also at 
highest bit rates”. The success story of silicon that started 
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61 years ago with the development of the first transistor 
might be continued: “By modifying silicon in the coming 
years such that optical signals can be processed at rates 
beyond the limits feasible with electronics”. 
 
The Karlsruhe Institute of Technology (KIT) is the merger of the 
Forschungszentrum Karlsruhe, member of the Helmholtz Asso-
ciation, and the Universität Karlsruhe. This merger will give rise 
to an institution of internationally excellent research and teach-
ing in natural and engineering sciences. In total, the KIT has 
8000 employees and an annual budget of 700 million Euros. The 
KIT focuses on the knowledge triangle of research – teaching – 
innovation. 
  
The Karlsruhe institution is a leading European energy research 
center and plays a visible role in nanosciences worldwide. KIT 
sets new standards in teaching and promotion of young scien-
tists and attracts top scientists from all over the world. Moreo-
ver, KIT is a leading innovation partner of industry.  
 
This press release is available on the internet under 
www.kit.edu. 
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