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Micro- and nanolasers offer a rich spectrum of exciting physics at the crossroads between nanophotonics and 

quantum optics. Due to their low mode volume, they operate in the regime of cavity quantum electrodynamics, 

which allows one to approach the ultimate limit of a thresholdless single emitter laser. Up until now, studies of such 

lasers have been focused almost exclusively on the properties of the lasers themselves without considering their 

interaction with other passive or active optical elements and devices. This is quite amazing since external control and 

coupling of lasers is well known to address many fascinating effects of non-linear dynamics, such as zero-lag 

synchronization of mutually coupled microlasers or the possibility of implementing neuromorphic reservoir 

computing in networks of coupled lasers [1].    

Here, we present different aspects of externally controlled and mutually coupled quantum dot micropillar lasers. The 

electrically driven microlasers feature pronounced light-matter interaxtion, high spontaneous emission coupling 

factors, and lasing maintained by the gain contribution of only a few tens of quantum dots. These characteristics 

make them particularly interesting for the study of non-linear dynamics in an ultra-low power regime with strongly 

enhanced spontaneous emission noise and with less than about 100 photons in the laser mode. In this regime, we 

perform experiments on time delayed self-feedback [2], injection locking and mutual coupling of high- microlasers 

at light powers well below 1 µW. These studies reveal intriguing phenomena such as partial injection locking [3], 

which are unknown for conventional lasers. Most interesting is the mutual coupling and synchronization of 

microlasers (cf. Fig. 1), which targets the question is synchronization exists in quantum systems [3].                 
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Fig. 1: (a) Schematic view of two mutually coupled electrically driven quantum dot microlasers. In experiment, the microlasers 

are located in different cryostats and small temperature changes of a few K are used to perform precise resonance tuning of the 

two emission frequencies. (b) Mutual coupling and frequency locking of two microlasers. The relative frequency of the lasers is 

plotted vs the frequency detuning of the two lasers. White traces indicated the frequency dependence of the uncoupled modes 

while black dotted traced indicate the frequency dependence of the coupled system. Strong frequency entrainment and a tendency 

towards frequency locking is observed in a detuning range of about ± 1 GHz, which indicates mutual coupling. 
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