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Abstract. High-power semiconductor lasers based on AlGaInAs/
InP heterostructures and emitting in the spectral range 1.9 – 2.0 mm 
are developed. Strain compensation in the active region makes it 
possible to use InGaAs quantum wells with a compressive strain of 
about 2.0 % – 2.5 %. The operation of a laser with an ultra-narrow 
waveguide at wavelengths increasing from 1.4 – 1.6 to 2.0 mm is 
studied. At room temperature, the semiconductor lasers with a 
stripe contact width of 100 mm demonstrates a cw output optical 
power of 1.0 W with a wavelength of 1.91 mm at a pump current of 
6.5 A and with a wavelength of 1.98 mm at a pump current of 7.2 A.

Keywords: semiconductor laser, heterostructure, AlGaInAs/InP, 
ultra-narrow waveguide, 2-mm spectral region.

1. Introduction

At present, much attention is paid to the development of 
semiconductor lasers emitting at wavelengths longer than 
1.8 mm. These lasers find application in molecular spectros-
copy, medicine, lidars, for optical pumping of laser media, 
and in other fields [1 – 4]. Lasers of this spectral region are 
often designed using heterostructures with different types of 
heterojunctions based on semiconductor antimony-contain-
ing solid solutions, which are grown mainly by molecular 
beam epitaxy [2, 4 – 6]. Another approach implies the use of 
heterostructures with strongly strained In(Ga)As quantum 
wells [7 – 10] or with InAs quantum dots [11]. These hetero-
structures do not contain antimony and are grown on InP 
substrates mainly by MOVPE. In this case, an increase in the 
laser emission wavelength is accompanied by an increase in 
elastic strains in InGaAs quantum wells, which, when exceed-
ing critical values, may lead to the appearance of misfit dislo-
cations and thus to deteriorate the radiative characteristics. 

The boundary wavelength corresponding to the formation of 
crystalline defects can be increased by using strain-compen-
sated quantum wells (elastic strains in the quantum well layer 
are compensated by strains of the opposite sign in the barrier 
layer [12, 13]). In addition, the use of strain-compensated 
InGaAs quantum wells, required to achieve a desired emis-
sion wavelength, weakens the Auger recombination, which is 
one of the most important processes negatively affecting the 
working characteristics of semiconductor lasers of this spec-
tral region [14 – 16].

In our previous works [8, 17] we reported on the develop-
ment of high-power 1.8-mm semiconductor lasers based on 
InGaAs/AlGaInAs and InGaAs/GaInAsP quantum-well het-
erostructures with a broadened asymmetric waveguide. A 
decrease in the internal optical losses allowed us to achieve an 
output power of 2.0 – 2.5 W in a cw operation regime. At the 
same time, it was shown in [18, 19] that the replacement of a 
broadened waveguide for an ultra-narrow one in laser of the 
1.4 – 1.6-mm spectral range leads to an increase in the output 
power due to a slower growth of internal optical losses on 
charge carriers ejected in the waveguide with increasing pump 
current, as well as due to a decrease in the series and thermal 
resistances.

The present work is devoted to the study of applicability 
of InGaAs/AlGaInAs/InP heterostructures with an ultra-nar-
row waveguide for development of high-power semiconduc-
tor lasers emitting near 2.0 mm.

2. Experiment

The InGaAs/AlInGaAs/InP laser heterostructures were 
grown by MOVPE. The heterostructure contained an active 
region consisted of two strain-compensated InGaAs quantum 
wells positioned in the centre of an AlGaInAs waveguide 
0.1 mm thick. The waveguide was sandwiched between InP 
emitter layers. To decrease leakage, we introduced a strained 
AlInAs barrier layer, whose band gap exceeded the band gap 
of the matched barrier [20], at the waveguide –p-emitter inter-
face. The schematic band diagram of the active region is 
shown in Fig. 1. We studied two types of heterostructures dif-
fering by quantum wells. The parameters of InGaAs quan-
tum wells and AlGaInAs barriers were chosen so that the 
lasers of the first (A) and second (B) types emitted in the 
regions of 1.9 and 2.0 mm, respectively.

The obtained heterostructures were used to fabricate 
semiconductor lasers with a stripe contact width of 100 mm 
and a cavity length of 2000 mm. The crystals were mounted on 
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a copper heat sink with the p-side down using indium solder; 
their output characteristics were studied in a cw operation 
regime at a heat sink temperature of 25 °C.

3. Results and discussion

The idea of using ultra-narrow waveguides [18, 19] was suc-
cessfully used for developing high-power semiconductor 
InGaAs/AlGaInAs/InP lasers emitting at wavelengths of 
1.4 – 1.6 mm. An increase in the band gap of the AlInAs bar-
rier layer at the waveguide – p-emitter interface leads to an 
increase in the output power [20]. These approaches were 
used in the present work to create lasers emitting at a longer 
wavelength. The active region was formed by InGaAs quan-
tum wells with a calculated compressive strain from + 2.0 % to 
+ 2.5 % and AlGaInAs barrier layers with a calculated tensile 
strain from – 0.5 % to – 0.4 %. It is important to note that, 
despite the advantages of ultra-narrow waveguides, these 
lasers are characterised by increased internal optical losses, 
which may turn out to be crucial for operation at wavelengths 
closer to 2.0 mm.

The light – current characteristics of the studied lasers are 
presented in Fig. 2. One can see that, although the lasers of 
both types demonstrated an output power of 1 W, the slope 
efficiency of the long-wavelength samples of type B is expect-

edly lower. These lasers are also characterised by an increased 
threshold current (0.75 A) in comparison with 0.60 A for the 
samples of type A. In addition, one can note a stronger satu-
ration of the output power of lasers of type B with increasing 
pump current, especially at currents exceeding 6 A.

The spectral characteristics of samples are presented in 
Fig. 3. The wavelength of lasers of type A was about 1.91 mm, 
while the lasers of type B, as expected, demonstrated a longer 
wavelength, in the region of 1.98 mm.

Thus, the use of MOVPE-grown InGaAs/AlGaInAs/InP 
heterostructures with strain-compensated quantum wells and 
an ultra-narrow waveguide allows one to create semiconduc-
tor lasers with a cw output power of 1 W in the spectral range 
1.9 – 2.0 mm. To determine the maximum achievable power of 
these lasers and the specific features of their operation, it is 
necessary to perform additional investigations.
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Figure 1. Schematic of the conduction band Ec of the active region of 
InGaAs/AlGaInAs/InP laser heterostructures (signs ‘+’ and ‘–’ indicate 
layers with compressive and tensile strains, respectively).

0 2 4 6 8
Pump current/A

0.2

0.4

0.6

0.8

1.0

1.2

P
o

w
er

/W

1
2

Figure 2. Light – current characteristics of InGaAs/AlGaInAs/InP 
semiconductor lasers with ultra-narrow waveguides of types ( 1) A and 
( 2 ) B in the cw regime.
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Figure 3. Spectral characteristics of InGaAs/AlGaInAs/InP semicon-
ductor lasers with ultra-narrow waveguides of types ( 1, injection cur-
rent 1.3 A) A and ( 2, injection current 1.2 A) B.
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