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Abstract.  Superluminescent diodes based on AlGaInAs/InP sepa-
rate-confinement double heterostructures with strain-compen-
sated quantum wells are investigated. The influence of elastic 
strains in the active region on the output characteristics of the 
devices is analysed. It is shown that such a design of a superlu-
minescent diode allows an optical power of more than 5 mW, a 
radiation spectrum width of more than 60 nm, a degree of output 
radiation polarisation up to 30 dB to be obtained at the output of 
a single-mode fibre, and has a great potential for further 
improvement.

Keywords: superluminescent diode, quantum well, elastic strain 
compensation, AlGaInAs/InP.

1. Introduction 

At present, superluminescent diodes (SLDs), semiconductor 
sources  of  low-coherence  radiation  with  increased  bright-
ness  and a wide  spectral  line,  are  finding wider  and wider 
use. For a number of practical applications, in addition to a 
high output power, SLDs are required to operate at elevated 
temperatures  and  often  have  an  increased  width  of  their 
spectrum.  A  particular  difficulty  is  the  creation  of  such 
devices with a radiation wavelength of 1.4 – 1.6 mm, since, in 
contrast  to  the  near-IR  range  (0.8 – 1.0  mm),  this  spectral 
range  is  characterised  by  an  increased  intensity  of  Auger 
recombination.  The  latter  worsens  the  external  quantum 
efficiency, reduces the  level of a maximum achievable out-
put power and causes a strong temperature dependence of 
the output characteristics of the SLDs. The negative role of 
the Auger process was noted by many researchers develop-
ing laser diodes (LDs) in this spectral range [1 – 5]. A charac-
teristic feature of SLDs is high concentration of charge car-
riers in the active region, especially in the extreme operation 
modes  that  make  Auger  recombination  processes  more 
probable. 

Traditionally, SLDs in the spectral range of 1.5 – 1.6 mm 
are  based  on  GaInAsP/InP  separate-confinement  double 
heterostructures with a bulk layer [6 – 8] or quantum wells 
(QWs)  in  the  active  region  [9 – 11].  Variations  in  the  QW 
parameters make it possible to obtain a wide spectral line of 
radiation (100 – 200 nm) [12, 13]. At the same time, there is a 
need  for devices with an  increased output power,  increased 
operating temperature, and high degree of radiation polarisa-
tion. Such parameters can be achieved using heterostructures 
based on AlGaInAs/InP, which proved themselves well in the 
fabrication of LDs in the spectral range of 1.3 – 1.55 mm with 
an  increased  power  and  temperature  stability.  Thus,  by 
improving the electronic confinement in the AlGaInAs QW, 
it was possible to increase the quantum efficiency and the lim-
iting operating temperature of the LD [1, 14, 15]. The use of a 
strained active region in an LD of this type allows reducing 
the effect of Auger  recombination processes and  improving 
the output characteristics [16 – 18]. Generation of misfit dislo-
cations is a natural limitation of the value of admissible elastic 
strains.  It  is possible  to shift  the boundary of crystal defect 
formation by using strain-compensated quantum wells, when 
elastic strains in the QW layer are compensated for by strains 
of the opposite sign in the barrier layer [19, 20]. LDs based on 
strain-compensated QWs have demonstrated  improved per-
formance [21 – 23]. It should be noted that the possibility of 
forming a strain-compensated active  region  largely depends 
not  only  on  the  parameters  (thickness  and  composition)  of 
the  layers, but  also on  the growth  conditions. This work  is 
devoted to the use of AlGaInAs/InP heterostructures with a 
strain-compensated  active  region  for  making  SLDs  in  the 
spectral range of 1.5 – 1.6 mm. 

2. Experimental

SLDs  were  fabricated  based  on  AlGaInAs/InP  separate-
confinement  double  heterostructures  by  MOVPE.  The 
AlGaInAs/InP heterostructure contained an active region 
with several QWs. The geometry of  the active region was 
chosen so that the maximum emission was in the spectral 
range of 1.5 – 1.6 mm. The level of introduced elastic strains 
of the opposite sign in the QW (compressive strain, eQW = 
+ 1.4 %) and the barrier (tensile strain, ebar = – 0.4 %) was 
calculated to increase the optical gain while maintaining a 
high  crystal  perfection,  which  was  confirmed  by  the 
achievement of  the maximum  intensity of  the photolumi-
nescence signal of the samples. Schematic diagrams of the 
conduction band of  the active region of  the SLD and the 
periods  of  the  crystal  lattice  of  its  constituent  layers  are 
shown in Fig. 1.
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For  low-coherence  radiation  sources,  it  is  critical  to 
obtain a minimum level of parasitic modulation of the out-
put  signal by Fabry – Perot  resonances, which  requires  the 
maximum possible suppression of positive optical feedback. 
To this end, we used an SLD design close to that described 
in Ref.  [10],  including a straight active channel  inclined  to 
the facet, antireflection coatings of the facets, and a wedge-
shaped radiation absorber at the inoperative end of the crys-
tal. The manufactured chips were mounted p-side up on a 
copper heat sink, which, in turn, was installed in a standard 
DBUT case with a Peltier thermoelement. The SLD radia-
tion  was  introduced  into  a  Panda-type  single-mode  fibre 
using an end microlens. All measurements were carried out 
in continuous mode at various temperatures using a Maiman 
SF8150 driver. 

3. Results and discussion 

Typical  current – voltage  and  light – current  characteristics 
of  fabricated  SLDs  based  on  AlGaInAs/InP  heterostruc-
tures  with  strain-compensated  quantum  wells  at  different 
stabilisation temperatures are shown in Fig. 2. The operat-
ing voltage was, as a rule, 1.5 – 1.8 V. The optical power was 
measured at the output of a single-mode fibre. At room tem-
perature,  the devices  emit up  to 5 mW of power, which  is 
sufficient  for  various  practical  applications  [24].  With  an 
increase in temperature, the quantum efficiency and the out-
put power of  the  emitter decrease. Nevertheless,  at  a  tem-
perature of 45 °С the output power approaches 2 mW, which 
makes it possible to use SLDs for solving many tasks with-
out  using  forced  thermal  stabilisation.  Thus,  in  [25],  it  is 
noted that SLDs with a power of ~0.1 mW at the output of 
a  single-mode  fibre are  in demand  for  light-emitting mod-
ules operating in a wide temperature range without thermal 
stabilisation.

Figure 3 shows the evolution of the SLD emission spec-
trum with an increase in the injection level. An increase in the 
current density leads to an insignificant shift of the maximum 
and an increase in the emission spectrum width at the level of 
0.5,  which  should  be  taken  into  account  when  designing 
devices with a given emission spectrum at a certain optical or 

consumed power. The change in the spectrum at different sta-
bilisation temperatures is shown in more detail in Fig. 4. It 
is  seen  that  at  injection  currents  above  200 mA  the wave-
length  of  the maximum of  the  emission  spectrum  changes 
little, while its half-width continues to increase and reaches 
60 – 70 nm. 
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Figure 1. Schematic representation of (a) the conduction band Ес and 
(b) the period of the crystal lattice a0 of the active region of the SLD 
(d is the thickness of the active region).
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Figure 2. (a) Current – voltage and (b) light – current characteristics of 
SLDs measured at different stabilisation temperatures.
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Figure 3. Evolution of the spectral characteristic of SLDs as a function 
of the injection current density.
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The measures taken to suppress optical feedback made 
it possible to reduce the amplitude of the parasitic modula-
tion of the emission spectrum to a level of 0.15 dB over the 
entire  range  of  operating  injection  currents.  Part  of  the 
spectral  curve  near  the  intensity maximum,  taken with  a 
high resolution to estimate the modulation depth, is shown 
in Fig. 5. 

Analysis  of  the  temperature  dependences  of  the  output 
parameters shows the possibility of using the developed SLDs 
in  cases  without  a  Peltier  element  at  an  output  radiation 
power of ~100 mW. SLDs with such characteristics can be in 
demand, for example, in the production of miniature optical 
gyroscopes, where small size and low cost of the final product 
are important while ensuring the required power and stability 
of the source wavelength. 

The degree of polarisation of radiation output from the 
single-mode  fibre  was  measured  using  a  Santec  PEM-330 
polarisation extinction meter. It is known that the transition 
from  a  bulk  active  region  to  a  quantum-well  one  pro-
motes an increase in the polarisation extinction of radia-
tion (TE/TM) due to the separation of light and heavy holes 
[9]. The typical value of this parameter for SLD based on the 
QW of the considered spectral range is 10 – 20 dB. A decrease 
in the level of elastic strains in quantum wells, for example, 
by introducing barriers (or using QWs) with strains of oppo-
site  signs,  helps  reduce  this  ratio  and  obtain  polarisation-
independent  SLDs  and  semiconductor  optical  amplifiers 
[26 – 28]. In this work, on the contrary, the elastic strains in 
the  quantum wells were  increased  so  that  the  polarisation 
extinction  of  the  radiation  increased  and  amounted  to 
25 – 30 dB. 

4. Conclusions 

The output characteristics of SLDs based on the AlGaInAs/
InP heterostructure are studied. It is shown that the use of 
strain-compensated  quantum  wells  in  the  active  region 
makes  it possible  to  fabricate SLDs with a power of more 
than 5 mW at  the output of a  single-mode optical  fibre, a 
spectral half-width of 50 – 70 nm, and a degree of polarisa-
tion of the output radiation of 25 – 30 dB. It  is shown that 
the use of such heterostructures allows SLDs to be produced 
with a favourable set of operational characteristics for vari-
ous practical applications. Further research will be devoted 
to studying the reliability of the developed SLD. It is also of 
interest  to study SLDs based on an AlGaInAs/InP hetero-
structure with an active region consisting of QWs of various 
thicknesses and compositions, which should make it possi-
ble  to  increase  the  width  of  the  emission  spectrum  (see 
Ref.  [29]).
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