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By the reduction of semiconductor structure dimensionality, from bulk to quantum-well and finally to quantum-dots (QDs), 
one gains in control over the energetic distribution of carriers and their interaction with light. While in bulk material many 
electron states, which are distributed in energy and momentum, have to be occupied,  only a few states near the bandgap can 
contribute to the optical gain in lasers. In the ideal case of atom-like QDs with a delta function-like density of state function, 
all the carriers in the ground state contribute to optical amplification. However, for quite some time, the ideal case was in 
far-reach due to the inhomogeneous broadening caused by size fluctuations in QDs grown in the Stranski-Krastanov mode. 
Only recently, the size fluctuations of QDs grown on (001) InP substrates was strongly improved [1], and this has a large 
impact in the static and dynamic properties of semiconductor QD lasers. 
 
In this paper, a brief overview is given about the most recent achievements in 1.55 µm QD lasers addressing static and dy-
namic properties, which fits also well with the current understanding based on rate-equation models [2 - 4].  Due to the 
atom-like discretized optical transitions, the temperature stability of the threshold current and external differential efficiency 
is very much improved in comparison to comparable 1.55 µm QW lasers, as illustrated in Fig. 1. In Fig. 2, the modulation 
response of a 340 µm long QD laser with 6 QD layers as active structure are shown, exhibiting a record value in small-sig-
nal bandwidth of 17.5 GHz [5] and an open-eye diagram in large-signal modulation of 30 GBit/s. A maximum digital modu-
lation rate of 35 GBit/s was obtained for 230 µm long lasers [6]. Due to the high temperature stability in threshold current 
and external differential quantum efficiency, also modulation at 26 GBit/s was demonstrated at 80 °C [7, 8] (see Fig. 3). 
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Fig. 1. Highly temperature-stable 1.55 µm 
QD RWG laser operated in pulsed mode up 
to 160 °C exhibiting a T0 value of 140 K and 
T1 of more than 900 K [8]. 

Fig. 2. Small signal modulation curves for dif-
ferent bias currents showing a max. -3dB 
bandwidth of 17.5 GHz [5, 8]. 

Fig. 3. Eye diagram of a large-signal modulated QD la-
ser  (26 GBit/s, non-return to zero) at a heat-sink tem-
perature of 80 °C [8]. 
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