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Abstract: GaSb-based AlGaAsSb/InGaSb type-I quantum-wells (QW) 2 um laser diodes (LDs) have been
grown by MBE system. Stripe-type waveguide LDs with facets uncoated were fabricated and characterized. For
single LD device, the maximum output power was 1.058 W under continuous wave ( CW) operation at working
temperature of 20°C. The maximum wall plug efficiency (WPE) was 20.2% and peak wavelength was 1.977 pm
with injection current 0.5 A. The output power under pulse mode of 1000 Hz in 5% duty cycles was 2.278 W.
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Introduction

High power diode lasers emitting between 1900 nm
to 4000 nm are important light sources for applications
such as tunable diode laser absorption spectroscopy (TD-
LAS), medical diagnostics, free-space optical communi-
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cations and missile countermeasures''’. The ( AlGaln)
(AsSb) materials system is well suited for the fabrication
of quantum well ( QW) based semiconductor lasers to
cover this specific range'®’. Over the last couple of
years, lots of excellent works have been reported either
increasing the light power or expanding the wavelength.
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sity Montpellier etc. have made a large number of amaz-
ing works in this field ™). For example, diode lasers
with a type-I QW active region operating at room temper-
ature (RT) has been up to 3. 44 pm in CW regime'®’
and 3.73 um in pulsed mode''”’. The maximum output
power of a2 um diode laser has reached to 1.9 W under
CW mode at 18°C'""!. We have also made some progress
over the last two years either increasing the 2 pum lasers
diodes’ light power”") or expanding the lasing spec-
trum to longer wavelength range' "', Seeking for lower
threshold current density, we attempted to decrease di-
rectly the number of quantum wells from 2" to 1, the
detail theoretical analysis can be found in Ref. [16].
And we also increased Al component from 0. 3 and
0.5 10 0.35 and 0.6 in the waveguide layer and con-
finement layer, respectively, for higher lasing power and
energy efficiency, which would be contributed by a stron-
ger carrier and optical confinement. Consequently, we
remarkably decreased the threshold current density, in-
creased the lasing power and energy efficiency of the LD

devices compared with Ref. [11] and Ref. [12] which

will be introduced in this paper.
1 Device desigh and fabrication

The laser structure, as shown in Fig. 1, was grown
on (100) -oriented 2-inch GaSh: GaTe substrates using a
solid source Gen-1I MBE system. A n-type Al, 4 Ga, 4
Asg 0, Sb o5 cladding layer with a thickness of 2 um was
grown after a buffer layer. Then a 10 nm wide InGaSh
QW was centrally inserted into a 540 nm non-doped
Al 55Gay ¢sAsg 0, Shy o5 waveguide layer. After that, an-
other p-type Al ¢ Gagy 49 Asg 4o Sby o5 cladding layer with
a thickness of 2 um was added symmetrically to form an
optical confinement structure. The entire structure en-
ded with a 250 nm thick high p-doped GaSb layer for
ohmic contact, as well as for separating Al-rich cladding
layer from air''”). The ternary compound InGaSb in the
QWs was about 2% compressive strained with Ga 0. 82
and In 0. 18 concentrations according to the targeted
2 wm central wavelength'"®'. The lattice constants of
the quaternary compounds Al ;5 Ga, 5 Asy oo Sby o3 and
Al 0 Gag 40ASp. 025bg o5 in the waveguide layer and clad-
ding layer, respectively, were well matched to GaSh
substrate.

After the epitaxy, a 2 mm length cavity, 100 pm
wide and 2.3 pm deep ridge was fabricated using stand-
ard contact optical lithography in combination with induc-
tively coupled plasma (ICP) etching techniques. A 250
nm thick SiO, insulation layer was deposited using plas-
ma enhanced chemical vapor deposition (PECVD). Af-
ter that, a 90 pm wide, 1.9 mm length injection window
was opened with dry-etching. We sputtered 500/500/
10000 A Ti/Pt/Au as the contact electrode after that.
Backside processing started with substrate mechanical
thinning and mechano- chemical polishing followed by
the deposition of n-contact metallization and annealing.
The wafer was processed into 1-cm-wide bars having a
20% fill-factor. One bar was chipped into single laser e-
mitters. Single devices were mounted junction side down
using indium solder on copper heat sinks (C-mount).
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Fig.1 Epitaxial structure with a single QW, high Al compo-
nents and non-doped waveguide layer
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2 Laser performances

Figure 2 shows the CW [-V-P characteristics of a
single laser diode without facets coated. For a single LD
(single emitter) device, the maximum output power un-
der CW operation is 1. 058 W under working temperature
of 20 °C with a slope efficiency 311. 96 mW/A. The
maximum wall plug efficiency (WPE) is 20.9% at 0.7
A injected current. WPE decreases as we increase the
injection current, which means the proportion of light
power decreases and the thermal increases. The WPE is
still more than 7% at the maximum light power. The
peak wavelength is 1 977.7 nm when injection current is

0.5 A, as indicated in Fig. 3.
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Fig.2 The CW I-V-P and I-WPE curve of a single emitter
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The threshold current density was decreased remark-
ably from 150 A/cm” of Ref. [11] and 143 A/cm’ of
Ref. [12] to 88 A/cm’. A large Al component differ-
ence between waveguide layer and confinement layer
forms a large index difference and bandage offset, which
provide a strong optical and carrier confinement, and it is
helpful to obtain a low threshold current and large slope
efficiency. The quantum well number of one, instead of
two, is also contributed to this result. The increasing of
Al component from 0.3 to 0. 35 in the waveguide layer
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(or barrier) will not change the lasing wavelength sensi-
tively anyway.

On the other hand, a longer resonant cavity of 2000
pm provided a higher lasing power but would not in-
crease the voltage consuming at all.
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Fig.3 The laer spectrum at an injection current of 0.5 A
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The laser peaks at 1 977.7 nm and the full width at
half maximum (FWHM) is about 7.9 nm when injected
current is 0.5 A, as shown in Fig. 3.
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Fig.4 Red-shifts of the lasing wavelength as injected
current varying from 0.2 A to 0.4 A, the inset shows
the normalized lasing spectrum with different currents
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The laser spectrum peaks at 1969.4 nm with 0.2 A
and 1975.4 nm with 0.4 A, which is mainly caused by
the self-heating effect'”®’. In addition, mode hopping in-
duced by increasing the injected current may also con-
tributes to the red-shift of the central wavelength, which
is determined by the multi-mode characteristics of the la-
ser diode'™’. The current coefficient of the wavelength,
i. e., the dependence of the wavelength on the injection
current, as shown in Fig. 4, is about 30 nm/A.

Figure 5 shows that the maximum output power un-
der pulse mode of 1 000 Hz in 5% duty cycles is 2. 278
W whit inject current as 9.5 A. The P-I curve of the
pulsed regime is the same as that in the CW model at low
injected current when I <2 A. Then it begins to diverge
with the increase of current, which can be explained by

Fig.5 The P-I features in two operating models

5

ARFLE PR AR B i i — 2 A i 2k ]

the thermal effect of the device.
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Fig.6 The variation of light power with the current.
The inset show the lasing spectra at different work
temperatures

FL6 B PFAEAN R AR RE T A - D) 3R, 4
PR AEA ] TARMREE T S8 0F A3 PR3

We measured the light power under different work-
ing temperatures, as shown in Fig. 6. The maximum las-
ing power descended with the increase of the operating
temperature from 20°C to 35°C, and 65°C at last. Light
power began to decrease around 4 A and 3 A under 35°C
and 65°C , respectively. That was mainly caused by the
thermal effect in the active area and lasing facet, which
induced the device degradation'”" | and finally reduced
the lasing power and energy efficiency. On the other
hand, the lasing spectrums, as shown in the inset, had
an obvious red-shift as temperature changing from 20°C
to 65°C , and the FWHM had also increased, that can be
explained by self-heating effect and multi-mode charac-
teristics''”). We can improve the thermal stability of the
diodes by facets coating and improving the bonding con-
dition using a sub-heat sink and so on. These will be our
next works.

3 Conclusion
In conclusion, we got 1. 058 W CW output power

from a single device emitting around 2000 nm under
20°C operating temperature with facets uncoated and the
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maximum WPE was 20.2% . The threshold current den-
sity was 88. 1 A/cm’ and slope efficiency was 311. 96
mW/A. The output power was 2. 278 W under pulse
mode of 1 000 Hz in 5% duty cycles. At last, we dis-
cussed the thermal stability of the devices. Self-heating
effect can cause diodes degradation and reduce energy ef-
ficiency. We can improve this situation by facets coating
and improve the heat dissipation condition and so on.
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