
Graphene Photonics for Ultrafast Optical Communication  

The backbone of today’s communication infrastructure is made from optical 
fiber links that carry massive amount of data in and between datacenters as well as 
within metro networks. The question whether or not a device technology can keep 
pace with the exponentially increasing demand for data can be reduced to three 
parameters: first maximum data rate and closely related the energy per transferred 
data and third cost per data rate. Breakthrough performance improvement regarding 
these major figures of merit can be expected from monolithic integration of electronic 
and photonic circuits on one chip. The unique properties of graphene, particularly the 
integration on virtually any substrate and the one-of-a-kind optical performance, 
render it most attractive as active material in efficient and ultrafast photonic circuits. 
In this talk I will give an introduction to graphene photonics, discuss latest results on 
wafer scale fabrication and I will provide an outline on future developments including 
why graphene is of such interest for application in future optical communication 
devices. 
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Ultrafast machine vision with 2D semiconductor photodiode arraysT h o m a s  M u e l l e r ,  V i e n n a  U n i v e r s i t y  o f  T e c h n o l o g y 

Machine vision technology has taken huge leaps in recent years, and is now becoming an integral 
part of various intelligent systems, including autonomous vehicles and robotics. Usually, visual 
information is captured by a frame-based camera, converted into a digital format and processed 
afterwards using a machine-learning algorithm such as an artificial neural network (ANN). The large 
amount of (mostly redundant) data passed through the entire signal chain, however, results in low 
frame rates and high power consumption. Various visual data preprocessing techniques have thus 
been developed to increase the efficiency of the subsequent signal processing in an ANN. In this talk I 
will demonstrate that an image sensor can itself constitute an ANN that can simultaneously sense 
and process optical images without latency. The device is based on a reconfigurable two-dimensional 
(2D) semiconductor photodiode array with the synaptic weights of the network being stored in a 
continuously tunable photoresponsivity matrix. I will discuss both supervised and unsupervised 
learning and demonstrate that the sensor can be trained to classify and encode images that are 
optically projected onto the chip with a throughput of 20 million bins per second - 6 orders of 
magnitude higher than state-of-the-art. 
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