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High power GaSb-based 2.6 pm room-temperature laser diodes
with InGaAsSb/AlGaAsSb type I quantum-wells
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Abstract: GaSb-based InGaAsSb/AlGaAsSb type-I quantum-wells ( QWs) laser diodes have been successfully

fabricated. The wavelength is expanded to 2. 6 pm with high output power. The device structures were grown by

molecular beam epitaxy. Under the optimized QWs growth temperature of 500C , the compressive strain of the
QWs are defined to 1.3% for better optical quality. With a ridge width of 100pm and cavity length of 1.5 mm,

the maximum output power of single facet without coating has reached up to 328 mW under continuous wave (CW)

operation at room temperature and 700 mW under pulse condition. The threshold current density is 402 A/ cm’.
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Introduction

High power laser diodes emitting in the mid-infra-
red (MIR) spectral range, which contains strong ab-
sorption lines of many important gases''! | are of great
demand for a number of applications such as atmospher-
ic pollution monitoring, infrared countermeasures and
laser surgery'”’. GaSb-based type-I quantum-wells la-
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sers are competitive in the 2 ~3 pm range due to the
higher power and working temperature compared with
InP-based material system'*. 2.6 pm lasers with single
longitudinal mode selection part such as DFB are de-
sired for H,S gas sensing in petroleum industry'*®’.
With the potential of low-cost and high-volume produc-
tion capability, the GaSb material platform offers advan-
tages in the high differential gain and low voltage due to
the great material quality of lattice matched growth of
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AlGaAsSb in QWs.

Limitation arises from the increasing indium concen-
tration in the QWs as the wavelength move forwards be-
cause of the strong degradation of hole confinement'**'.
Domestic researches have extended the wavelength to
2.4 um with 28 mW output power’’. To extend the
wavelength further to 2. 6 um, compressive strain in
QWs was introduced in epitaxial growth to suppress hole
leakage by the hole confinement, meanwhile the crystal
lattice defect should be avoided to ensure the material
quality. In this paper, we will present the optimization of
both the growth temperature and compressive strain of the
InGaAsSb/AlGaAsSh quantum-wells ( QWs) and show
the fabrication of 2. 6 wm single emitter diode laser de-
vice with 100 wm-wide and 1.5 mm-long cavity. High
optical output power of 328 mW operating at continuous
wave (CW) mode and 700 mW at pulse condition at
room-temperature ( RT) were obtained from the device.

1 Experiments

The laser diodes were grown by solid source Gen-I1
molecular-beam epitaxy (MBE) on 2-inch Te doped n-
GaSb substrates. Figure 1 schematically depicts the epi-
taxial structure and the energy bands of the diode laser.
500-nm thick heavily Te doped GaSb buffer layer was
firstly deposited on the substrate to improve the flatness
of the substrate and electroconductivity. The active re-
gion consists of three 10-nm thick compressive strained
Ing ,,Ga, g Asy s Sby ss QWs spaced by 20-nm thick lat-
tice matched Al ,, Ga, ;; As, 4, Sb, ¢ barrier layers. Two
300-nm thick undoped Al ,, Ga, ;; Asg o, Sb, o5 separated
confined layers (SCLs), which surround the active re-
gion, were chosen to improve the optical confinement of
the laser. The 0.7 pum waveguide core that includes the
active region and SCLs is sandwiched between two 2 pm
wide Al sGa, 45Asy osSb, o5 cladding layers. The n-clad-

ding layer is Te doped to 5 x 10" em”, and the p-clad-
ding layer is Be doped to 2 x 10" cm™ which is the same

as the doping level of p-GaSh cap layer.

Fig.1 Epitaxial structure and energy band of the laser devices
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The growth temperature of the QWs is the vital pa-

rameter in the MBE epitaxy of the laser''. At low
growth temperature, the mobility of In and Ga atoms de-
creases, which causes the formation of islands, thus re-
sults in the poor lattice quality'"’. While the atoms
would exchange at the interface between QWs and barri-
ers which deteriorates the quality of QWs if the growth
temperature is too high'"?’. To find the compromised
growth temperature of the QWs, photoluminescence
(PL) measurements at 77 K were carried out on three
QWs samples with the growth temperature at 480°C,
500°C and 520°C, respectively. All the PL spectra were
obtained with a Fourier transform infrared spectrometer
(FTIR) by detecting the PL signals excited by a 500
mW 628 nm diode laser. The QWs samples were cooled
to 77 K by liquid nitrogen to avoid thermal effects
brought by phonon disturbance. Figure 2 presents the PL
spectra of the three samples. The peak intensity and full
wave at half maximum ( FWHM) of the PL spectrum
were extracted to indicate the optical quality of QWs. It
is obvious that the sample grown at 500°C has the best
optical quality among the three samples so that the growth
temperature of QWs was optimized to 500°C.

Fig.2 PL spectra measured at 77 K of three QWs sam-
ples with growth temperature at 480°C, 500C and
520C, respectively
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Compressive strain was introduced in the QWs to
improve the laser differential gain, but the compressive
strain of QWSs is limited by the deterioration of lattice
quality as the strain increases ™', Four QWs samples
with compressive strain of 0. 7%, 1.0% , 1. 3% and
1.5% , respectively, were grown by changing the As
contents of the QWs. The PL and high resolution X-ray
diffraction (HR-XRD) measurements were performed to
assess the optical quality and lattice quality, respective-
ly. Figure 3 shows the PL spectra and XRD profiles of
the four samples. As the compressive strain increased
from 0.7% to 1.3% , the PL intensity increased sequen-
tially thanks to the improvement of valence band offset.
As we can see from the XRD measurement in Fig. 3, the
material quality of the sample with 1. 5% compressive
strain began to deteriorate so that the PL intensity of this
sample decreased compared with the sample with 1. 3%
compressive strain. So the compressive stain of QWs was
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optimized to 1. 3% in comprehensive consideration of
both the differential gain and lattice quality.

Fig.3 PL spectra at 77 K and XRD profiles of four QWs
samples with compressive strain of 0. 7% , 1.0% , 1.3% ,
1.5% , respectively
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The grown epitaxial wafers were processed into di-
ode lasers with a ridge waveguide of 100 pm wide,
1.5 mm long and 2.2 pum deep using contact optical li-
thography followed by inductively coupled plasma (ICP)
dry etching. Then 90 pm wide, 1.4 mm-long electrode
aperture was opened using ICP etching on the 200 nm
Si0, insulation layer deposited by PECVD. Afier that the
p-side Ti/Pt/Au electrode was formed by magnetism
sputter system. Figure 4 shows the scanning electron mi-
croscope (SEM) cross-section image of the laser. The n-
side Ohm contacts were realized by fast-annealing the e-
vaporated AuGeNi/Au film after the wafers were thinned
to 180 pwm. Finally the wafers were cleaved into single e-
mitters, and all the laser devices were mounted p-side
down on copper heat sinks with indium solder.

¢ Icp etching
*Wdepth: 2.2 um

h: 22

p-cladding layer:2 pm

active region! SCLs, QOW/s and barriers

n-cladding layer 2 pm

n-GaSh substrate

Fig.4 SEM image of the cross-section of the laser di-
ode
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2 Results and discussion

All the laser performance was measured without fac-
et coating at room temperature (20°C). The measure-
ments of lasers output power were done by a pyroelectric
detector and the emission spectra were scanned using a
Fourier transform infrared spectroscopy ( FTIR) system.
Figure 5 shows the laser optical power-current-voltage
(P-1-V) curve, wall plug efficiency ( WPE) and corre-
sponding emission spectrum (at2 A injection current) in
CW regime. The central wavelength was up to 2. 6 pm
with a low threshold current density of J, =402 A/cm’
and a slope efficiency of 0. 137 W/A. Output power
reached up to 328 mW at the injection current of 3.8 A,
then as the current increased further the output power
was limited for the reason of heat accumulation. The
maximum value of WPE is 7.24% at 1.5 A, and there is
still room for improvement through the reduction of series
resistances (R,) which was 0.28 Q by now. By reduc-
ing Al composition of the cladding layers and extra pro-
cession after the polishing of n-side substrate ,the Rs will
be reduced further to improve the WPE'"'. Figure 6
shows the output power characteristic of the device oper-
ating in pulse condition (100 s current pulses at a
1 kHz repetition rate). The laser emitted as high as 700
mW optical power occurred at 7.5 A from both facets in
pulse mode which is high enough for gas sensing applica-
tion.

Fig.5 P-I-V and WPE characteristics of the laser emit-
ting at / =2 A in the CW mode at RT with uncoated facets
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The emission spectra and central wavelength against
current ( A-I) characteristics are depicted in Fig. 7.
From the A-I curve we can clearly figure out that the
wavelength shifted linearly towards the longer wavelength
as the driving current increased. The slope of the curve
was fitted to be 22 nm/A. The central wavelength red-
shifted from 2.613 6 pm to 2. 626 8 um when the injec-
tion current raised from 1.7 A to 2.3 A mainly due to the
thermal effect which brought about the elongating cavity
and decreasing bandgap''®’ .
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Fig. 6 Output power of laser diode operation
in the pulse mode
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Fig.7 Emission spectra of laser device with increasing
injection current

K7 OGS T B O S A Y O FR i 2k LR
INALLp AL

3 Conclusions

In conclusion, we have achieved the 2.6 pm GaSh-
based type-I quantum-well laser operating at RT through
the optimization of the growth temperature and compres-
sive strain of QWs. The uncoated facet single-emitter la-
ser devices which had 100pm-wide and 1. 5 mm-long
cavity with threshold current density of 402 A/cm’ and
series resistances of 0.28 () were fabricated. The central
emission wavelength was 2. 627 um at 2.3 A driving cur-
rent. High output power of 328 mW in CW and 700 mW
in the pulse condition (100ws pulses at 1kHz) were ob-
tained.
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