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The understanding and functionality of the majority of the currently available and commercialized electronic and optoelec-
tronic devices are based on traditional solid state physics, which describes the motion of electrons and phonons (lattice vi-
brations) as well as their interaction with light (photons) by a semi-classical continuum approach. Although the reduction of 
motion in one dimension was already introduced in the nineteen seventies, e.g., in lasers to utilize the quantum size effect, 
only recently within the last decade first optoelectronic devices became available on the market, which utilizes three-dimen-
sional confinement, e.g., quantum dot lasers.  

 
However, with the three-dimensional structural control of solid state materials one opens new degrees of freedom for the 
optimization of the device performance as well as for the generation of novel device functionalities.  
 
A brief overview will be given about the impact of nanoscale physics on the performance of optoelectronic devices and on 
new functionalities. The main focus of the talk will be on state-of-the-art specifically designed quantum dot materials for 
different functionalities, like temperature insensitivity of static [1] (see Fig. 1) and dynamic laser characteristics [2], strong 
linewidth reduction of laser emission [3], the dislocation hardness in hybrid material systems, such as III-V optoelectronics 
monolithically integrated on silicon [4 - 6] (see Fig. 2). Also, nanoscale photonic structures embedded in conventional opto-
electronic devices enable new functionalities beyond conventional approaches. As an example, vertically emitting phased 
laser arrays will be briefly introduced [7]. Beyond those examples, which are near to commercialization, also an example 
will be shown, which addresses the ultra-fast dynamics of light-matter interaction in quantum dot semiconductor optical 
amplifiers, which may bridge in future real optoelectronic device functionalities (e.g., electrically driven room temperature 
operating devices, see Fig. 3) with quantum processing features (e.g., coherent light-matter interaction on the fs time scale). 

 

 

 
 

 

 

Fig. 1. Highly temperature-stable 1.55 µm 
QD RWG laser operated in pulsed mode up 
to 150 °C [1]. 

Fig. 2. Threading dislocation (TD) going 
through a QD laser active region grown on 
silicon [4]. 

Fig. 3. Pump-probe scheme for fs-resolution quantum 
process control in QD-SOA device operated at room 
temperature [7]. 
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