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Abstract

quantum light sources, etc.) due to their atom-like discrete energy levels, which can trap electrons/holes in all three

Epitaxial quantum dots (QDs) are a promising candidate for opto-electronic devices (lasers,

dimensions. The performance of the devices strongly depends on the quality of the QD material and the effective
interaction between the light field and the QD dipole. In this paper, we will start from the growth of high
performance InAs/GaAs QDs using molecular beam epitaxy, and then the QD lasers applied in optical
communication and on-chip optical interconnection, as well as high-quality QD based quantum light sources for
photonic quantum information, will be further discussed.
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Fig. 1

The density distribution of high density InAs/GaAs quantum dots (QDs) grown on 3-inch GaAs substrate. (a) 3-inch wafer geo-

metric structure: crystallographic directions of [110] and [1-10], diagonal 1 and diagonal 2; 0 represents the geometric center of

the wafer, the arrow direction represents the positive direction, respectively. (b) Representative atomic force microscope (AFM)

results of InAs quantum dots in [110] crystallographic direction: (1)-(14) from left to right with 5 mm interval distance. (c) The

density of QDs as a function of substrate temperature with red error bars. (d) Density distribution of the four directions of sam-

ple A of the whole wafer, black line represents [110], red line represents [1-10], green line represents diagonal 1, blue line rep-

resents diagonal 2, respectively. (e) wafer-scale temperature distribution of 3-inch wafer with inset graphics shows small fluctu-

ation of temperature from —2 to 2 cm'"”’
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Fig.2 The height optimization of self-asssembled InAs quatnum dots (QDs). (a)Schematic process of the high density InAs/GaAsQDs

growth; (b)Photoluminescence spectra of InAs QDs under different indium flushing conditions; (¢)FWHM values of PL spec-

tra under different indium flushing conditions
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Fig. 3 Material properties of InAs/GaAs QD lasers. (a) Cross-sectional scanning electron microscope (SEM) image of layer stack of

the epi-wafer. The inset is the transmission electron microscope (TEM) image of the five QD layers. (b) Photoluminescence

spectrum of the QD active layers on GaAs. The inset shows the atomic force microscope (AFM) image of an uncapped QD lay-

er. (c) Light—current—voltage (L—/—V) characteristics of the fabricated laser with a length of 2000 um and its temperature depen-

dence under continuous-wave (CW) condition ranging from 25°C to 115°C. The inset shows the natural logarithm of threshold

current versus stage temperature. The dashed line represents linear fitting to the experimental data
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Fig. 4 quantum dot DFB laser using amorphous silicon laterially coupled grating. (a) Schematic diagram of amorphous silicon lateri-

ally coupled grating structure, (b) SEM top view of amorphous silicon grating, (c) IPV curve of a laser with a ridge width of 2.1

um and a cavity length of 1.5 mm, (d) Spectrum of LWDM laser array under 100 mA injection current at room temperature,

(e) Relative intensity noise curves of lasers under different injection currents at room temperature; (f) relation curves between

relative intensity noise at 5 GHz frequency and feedback intensity under different injection currents; insets show spectral

changes under different feedback intensities when the injection current is 4 times the threshold"
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Fig. 5 Ultra-low threshold, continue wave, optical pumped quantum dot min-BIC laser. (a) Schematic of a mini-BIC cavity (region A)

encircled by a boundary of photonic bandgap (region B) to form a photonic heterostructure. (b) The calculated band diagrams
of infinite photonic crystal (PhC) slabs: the continuous band (TE A, represented by the black dashed line) of an infinitely large
PhC splits into a series of discrete modes above the light line and located in the bandgap of region B (TE B, represented by the
blue solid line). (c) Scanning electron microscopy (SEM) images of the mini-BIC laser with a = 495 nm and N, = 13. (d) The
collected emission intensity and the linewidth of the lasing M 11 peak at 1303 nm as a function of pumping power, indicating a
lasing threshold of 52 pW (227 W/em®). The inset is a Lorentzian curve fitting of the spectra just below the threshold, which in-
dicates a linewidth of ~0.48 nm and therefore a cavity Q factor of 2715. (¢) Measured emission spectra under various pumping
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panel is the first excited energy diagram and corresponding electron/hole wavefunctions where x=0, 0.4 and 1. (c) The opti-
mized FSS value of InAs QD, which obtained from the amplitude of a sine fitting of the relative emission energy as a function
of polarization angles. (d) Photoluminescence spectra of the biexciton-exciton cascade and a suppressed two-photon resonant

excitation laser, together with the damped Rabi oscillations and the second-order autocorrelation measurement!”
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