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InAs quantum dot lasers epitaxially grown on Si have drawn much attention as a promising light 
source for photonic integrated circuits [1]. Recently, the epitaxially-grown quantum dot lasers have been 
migrated from intentional offcut Si to on-axis exact Si to be fully CMOS compatible. However, the GaAs 
template grown on an on-axis (001) Si substrate possessed a relatively high threading dislocation density 
(TDD) and high surface roughness, which resulted in considerably degraded performance in terms of 
threshold and power. To fully employ the benefits of quantum dot for laser active region, we have 
improved the GaAs template quality by reducing the TDD by a factor 40.  

Thermal cycle annealing and InGaAs/GaAs dislocation filter layers were grown first on Si to reduce 
the TDD to 7.2×106 cm-2. Then five layers of quantum dots were grown in graded-index separate 
confinement heterostructure. Figure 1 shows a very low continuous-wave threshold current of 4.8 mA at 
20 °C from a 2.5×1174 μm2 narrow ridge-waveguide laser. We have measured the transparency current 
and amplified spontaneous emission (ASE) spectra to calculate the optical modal gain of a laser. 
Knowing the transparency current of the device, we extracted a modal gain of 13.6 cm-1 and optical loss 
of 5.1 cm-1 from the ASE measurement. In addition, a high injection efficiency of 87% has been achieved 
based on a single-side slope efficiency of 24.3% of the laser. The low threshold and high injection 
efficiency also enable superior reliability with a device lifetime more than a million hours, demonstrating 
strong insensitivity to threading dislocations. Another advantage of quantum dot laser for silicon 
photonics is reduced reflection sensitivity. We have achieved a very small linewidth enhancement factor 
(alpha factor) of ~0.5 just below the laser threshold. This enabled nearly 20 dB reduced sensitivity to 
optical feedback compared to the conventional quantum well laser bonded on Si. [2] 

 

Figure (1) CW light-current curve at 20 °C from a quantum dot laser epitaxially grown on on-axis (001) 
Si with one facet high-reflection coating. (2) Net modal gain vs. injection current from a 3×1341 μm2 
laser. Inset shows net modal gain vs. wavelength.  
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