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Molecular beam epitaxial growth of InAs quantum dots on GaAs for high
characteristics temperature lasers
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Abstract: GaAs-based 1.3 pwm InAs quantum dot laser have been grown by MBE system. Under the optimized
InAs quantum dots growth temperature of 520 C, and the methods of Be-doping in the active region are adopted
for better device performance. With a ridge width of 100 wm and cavity length of 2 mm, the maximum output
power of single facet without coating has reached up to 1008 mW under continuous wave (CW) operation at room
temperature, and the threshold current density is 110 A/cm®. The QD lasers can still operate at continuous waves
(CW) up to 80 C, and the characteristic temperature below 50 C is as high as 405 K.
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Introduction

In recent years, 1.3 wm quantum dot (QD) laser

has become an important light source for optical commu-
nication. "' *'Compared with traditional quantum well la-
ser, quantum dot laser have more advantages, such as
lower threshold current, lower temperature dependence
and higher WPE. “/Continuous high-power operation will
cause obvious laser heating, which will worsen the perfor-
mance of the device. Thus, the thermal effect has gar-
nered much attention and needs to be further opti-
mized ™. The effect of thermal efficiency on the perfor-
mance of quantum dot laser has made people pay special
attention to taking various methods to eliminate the heat
generation or reduce the sensitivity of devices to tempera-
ture when improving the performance of quantum dot la-
ser. "*The device characteristics of semiconductor quan-
tum dot laser have been improved with progress in active
layer structures. “'The growth of active layer (InAs QDs
on GaAs) has a tendency to form islands due to the large
lattice mismatch, almost 7. 16%, which results in Strans-
ki-Krastanow (S-K) growth mode, epitaxial growth chang-
es from 2D to 3D, which is suitable here for the proposed
heterojunction material system with a mismatch in lattice
constants but a low interfacial energy. "' The growth qual-
ity (density and size uniformity) of QDs is a vital index of
the growth quality of active region. """ To obtain high
quality quantum dots, various researches have been car-
ried out to optimize the parameters of quantum dots'*",
As we know, the characteristic temperature of the semi-
conductor laser is the core physical parameter to measure
the temperature characteristics. ''*'The characteristic tem-
perature of 1.3 wm quantum dot laser reported by Kim of
Stanford University has reached 210 K. In their re-
search, the active region of the laser is undoped. " How-
ever, the latest research indicates that p-doping in the ac-
tive region is beneficial to further improve the tempera-
ture characteristics and the threshold current of the de-
vice. '*
The device characteristics of quantum dot laser are
mainly limited by the growth conditions of the active re-
gion. To obtain better performance quantum dot laser,
the growth temperature of the active region was opti-
mized, and Be-doping in the active region was intro-
duced for better temperature characteristics. We will
show the fabrication of high characteristic temperature
with low threshold current density single emitter diode la-
ser device with 100 pm-wide and 2 mm-long cavity. The
peak power of quantum dot laser reached 1008 mW. The
threshold current density is 110 A/ecm®, and the charac-
teristic temperature below 50 °C is 405 K by fitting the
curve between threshold current and temperature.

1 Structure characterization and fabrica-
tion

The quantum dot laser structure shown in the Fig. 1
was grown on N-type GaAs "™ substrates exploiting a
Gen 930 solid-source Molecular beam epitaxy (MBE) sys-
tem from Veeco Instruments equipped with in-situ reflec-

tive high-energy electron diffractometer (RHEED) cali-
brating the growth temperature by the GaAs reconstruc-
tion. "' A 500 nm Si-doped buffer layer was firstly depos-
ited on a 2-inch N-type GaAs'"*” substrate for better flat-
ness of the substrate. The active region consists of five
loops of the QDs layers, and each QDs layers contains
1.5 nm Be-doping (p: 5e17) GaAs and 2.5 monolayer
(ML) InAs capped by a 5nm In, ,;Ga, As strain-reduc-
ing layer and a 40 nm GaAs layer. Two 70 nm thick non-
doped GaAs waveguide layers, which surround the active
region, were chosen to improve the optical confinement.
The 0.4 pwm waveguide core that includes the active re-
gion and the waveguide layer is sandwiched between two
1.4 pm Al Ga,;;As cladding layers. The n-cladding
layer is Si doped to 2x10"em”, and the p-cladding layer
is Be doped to 2x10"™em™. The whole structure was final-
ly capped by 200 nm GaAs ohmic contact layer which is
Be doped to 310" em™.

The growth temperature of the QD is the vital param-
eter in the MBE epitaxy of the laser. At lower tempera-
ture, the density of quantum dots is the highest, but the
uniformity is not enough, and it is easy to form large dot
defects. The uniformity of quantum dots is better at high-
er growth temperature, but the high growth temperature
will lead to the desorption of InAs quantum dots, which
will lead to the decrease of the quantum dots density. To
find the optimized growth temperature of the QDs, photo-
luminescence (PL) spectrum and atomic force microscope
(AFM) were carried out on three QDs samples with the
growth temperature of 510 °C, 520 °C and 530 °C. All the
PL spectra shown in Fig. 2 were obtained with a Fourier
transform infrared spectroscopy (FTIR) by detecting the
PL signals excited by a 500 mW 628 nm diode laser, and
it is obvious that the sample grown at 520 °C has the best
optical quality among the three samples. As indicated in
Fig. 3, the sample grown at 510 °C has several large dots
defects which will deteriorate the performance of the de-
vice, and the density of quantum dots of the sample
grown at 530 °C is the lowest which led to lower optical
quality. The growth temperature was finally optimized to
520 °C, and the full width at half maximum (FWHM) is
35 nm and the density of the QDs is 5. 010" cm™.

The grown epitaxial wafers were processed into di-
ode laser with a ridge waveguide of 100 pm wide, 2 mm
long and 1.5 pwm deep using contact optical lithography

GaAs conduct layer 200nm(Be:3E19)

40nm GaAs

Snm In0.15Ga0.85As

GaAs buffer 500nm(Si:2E18)

Be-doping GaAs

Fig. 1 The structure of the QD laser and the structure of the ac-
tive region
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Fig. 2 PL spectrum of the three QDs samples with growth tem-
perature of 510°C,520°C and 530°C
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Fig.3 Atomic force microscope (AFM)image of the three QDs
samples (a)510 °C, (b)520 °C, and (¢)530 °C)
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followed by inductively coupled plasma (ICP) dry etch-
ing. Then 90 pm wide, 1. 9mm-long electrode aperture
was open using ICP etching on the 200 nm SiO, insula-
tion layer deposited by PECVD. After that, the p-side Ti/
Pt/Au electrode was formed by magnetism sputter sys-
tem. The n-side Ohm contacts were realized by fast-an-
nealing the evaporated AuGeNi/Au film after the wafers
were thinned to 150 wm. Finally, the wafers were
cleaved into single emitter, and all the laser devices were
mounted p-side down on copper heat sinks with Indium
solder.

2 Laser performance and discussion

All the laser performance was measured without fac-
et coating. The measurements of lasers output power
were done by a pyroelectric detector and the emission
spectra were scanned using a Fourier transform infrared
spectroscopy (FTIR) system. The Continuous wave pow-
er-current-Voltage (P-I-V) characteristics and wall plug
efficiency(WPE) at RT is shown in Fig. 4, and the maxi-
mal output power reaches 1 008 mW at the injection cur-
rent of 3.6 A, then as the current increased further the
output power was limited for the reason of heat accumula-
tion. The threshold current density is 110 A/ecm® and the
WPE is 29%. The central wavelength of the lasing spec-
trum is 1. 3 wm shown in Fig. 5. Due to p-doping in the
active region, the impurity atoms provide a lot of extra

holes to fill the valence band energy level of the quantum
dots, which makes the valence band energy level always
in the state of filling. It is difficult for the ground state
holes to escape from the heat, which improves the proba-
bility of the ground state carrier occupation of the valence
band, and thus improves the characteristic temperature
of the quantum dot laser. ""*'To study the thermal stability
of the device, the power-current curve was measured at 5
~80 °C in Fig. 6. The QD laser device is still continuous-
wave working at 80°C, and the threshold current is insen-
sitive to temperature. The characteristic temperature of
the device is 405 K by fitting the curve between threshold
current and temperature, which is owing to the optimiza-
tion of epitaxy and p-doping in the active region.
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Fig. 4 P-I-V and WPE characteristics of the laser at CW mode
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Fig. 5 Lasing spectrum at RT (The central wavelength is 1. 3 um)
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3 Conclusion

In conclusion, we obtained 1. 3 wm QD laser operat-
ing at room temperature with high characteristic tempera-
ture based on the optimization of the growth temperature
and proper Be-doping in the active region. The uncoated
facet single-emitter laser devices which had 100 pm-
wide and 2 mm-long cavity with threshold current density
of 110 A/em® were fabricated. For each single quantum
dots layer, the threshold current density is as low as 22
Alem®. The peak power of quantum dot laser reached
1008 mW at the injection current of 3.6 A. The highest
continuous wave operating temperature is 80 “C, and the
characteristic temperature is 405 K by fitting the curve
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Fig.6 The power-current (P-/) characteristics in different tem-
perature (5~80°C ) and the fitting curve between threshold cur-
rent and temperature
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