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Abstract. This work presents the results of the investigation of optical properties of long-wavelength (~5 
µm at 300 K) InAs/InAsSb/InAsSbP LED heterostructures. These heterostructures are used in various ap-
plications in mid-wavelength infrared range, such as environmental monitoring, etc. Electroluminescence 
was used to study the optical characteristics of the structures in the temperature range 4.2–300 K. Various 
radiative recombination channels in LED heterostructures were considered, including those associated with 
the InAs substrate and those related to the active layer, the latter competing depending on the temperature. 
The obtained results can be useful when designing optoelectronic devices with weak temperature depend-
ence of the emission wavelength. 

 
1. INTRODUCTION 

InAsSb solid solution is an indispensable material for 
the fabrication of optoelectronic devices that work in 
the technologically important mid-wavelength infra-
red (MWIR) spectral range (2–6 μm). MWIR light-
emitting diodes (LEDs) are used in, e.g., environmen-
tal monitoring, industry and medical diagnostics [1,2]. 
In principle, by using InAs1–ySby solid solution, one 
can cover a very wide spectral range, from 3.4 up to 
11.0 µm [3,4]. An increase in the InSb mole fraction in 
the solution, however, which is necessary for moving 
to the longer-wavelength part of the MWIR range 
(λ > 5 µm), leads to a strong increase in the mismatch 
in the lattice parameters of the InAsSb epitaxial layer 
and a substrate (typically made of InAs, though GaSb 
substrates are also often used). This may lead to the 
appearance of numerous channels of radiative recom-
bination, which may, in fact, be useful in relation to the 
operation of the LEDs [5], and thus, requires detailed 
investigations. In this paper, we present the results of 
the investigation of radiative recombination channels 
in n-InAs/n-InAsSb/p-InAsSbP LED heterostructures 

with the mole fraction y of InSb in the InAsSb active 
layer ranging from 0.075 to 0.16. The studies were car-
ried out in the wide temperature range T = 4.2–300 K. 

2. SAMPLES UNDER STUDY 

The heterostructures were fabricated by metal-organic 
vapor-phase epitaxy (MOVPE) on undoped InAs(001) 
substrates with an electron concentration, caused by the 
presence of residual impurities, n = 3×1016 cm–3 
(T = 300 K). The epitaxial deposition of InAsSb active 
layers and InAsSbP barrier layers was performed in a hor-
izontal reactor with resistive heating under atmospheric 
pressure. The details of the growth of the heterostructures 
were reported elsewhere [6]. The thickness of the InAsSb 
active layers was ~3 μm, and that of the InAs0.4Sb0.2P0.4 
barrier layers ~1.2 μm. The material of the active region 
was undoped. Zinc was used as the acceptor dopant for 
the barrier layer. Heterostructure A had 0.075 InSb molar 
fraction in the active area; heterostructure B – 0.09; het-
erostructure C – 0.16. 

The heterostructures were processed into LED 
chips, which were fabricated as 400×400 μm mesa 
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structures. The chips were mounted on TO-18 holders. 
For the studies, we recorded electroluminescence (EL) 
spectra under pulsed excitation at a frequency of 1 kHz 
and a pulse width of 2 μs with the use of MDR-23 grat-
ing monochromator. An InSb photodiode and a 
HgCdTe photoconductor served as detectors. Two to 
three LED chips from each heterostructure were sub-
jected to investigations. All samples of the same type 
showed similar properties with slight variations. 

3. RESULTS AND DISCUSSION 

Figure 1 shows EL spectra for two of the studied het-
erostructures. The spectra were recorded at liquid he-
lium temperature (T = 4.2 K) at various injection cur-
rents. As can be seen, both sets of spectra contain two 
major spectral lines. For spectrum of sample B one spec-
tral line has the energy 0.32 eV, and the other one, 
0.40 eV. The shape of the low-energy part of the 
0.32 eV spectral lines in Fig. 1a is distorted with 

absorption line of CO2 gas present in the atmosphere. 
The values of full-width at half-maximum (FWHM) of 
these lines are about ~25 meV. These lines can be at-
tributed to radiative recombination transitions related to 
the active layer of the heterostructure. The high-energy 
lines in the spectra are, most likely, associated with re-
combination in the InAs substrate, as reported previ-
ously [5]. Their FWHM values are of the order of 
15 meV. Note the difference in the behavior of the in-
tensity of the lines with changing the current. While in 
Fig. 1a (sample B), with the current increasing, the in-
tensity of the low-energy line decreases and that of the 
high-energy line decreases, in Fig. 1b (sample A) one 
can see that with the injection current increasing, the in-
tensity of both lines increases concurrently. 

This effect is clearly seen in Fig. 2, which shows 
the dependence of the intensities of the EL peaks on 
the injection current at T = 4.2 K. As can be seen in 
Fig. 2a, for sample B, with the current increasing from 
1 to 2 A, the intensity of the high-energy (‘substrate’) 
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Fig. 1. EL spectra of samples B (a) and A (b) at temperature T = 4.2 K for various injection currents. 
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Fig. 2. EL intensity versus current for samples B (a) and A (b) at T = 4.2 K for the emission from the active layer (1) 
and from the substrate (2). 
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EL peak increases linearly, while the intensity of the 
low-energy peak decreases. At the same time, Fig. 2b 
shows that for sample A, with the current increasing 
from 0.4 to 1.2 A, the intensities of both peaks increase 
with very similar slopes. For the low-energy line, the 
intensity of the peak continues to grow with the current 
increasing up to 4 A (not shown). 

The data presented in Figs. 1 and 2 are clearly in-
dicative of the fact that at low temperatures the heter-
ostructures under study contain at least two channels 
of radiative recombination, one of them being associ-
ated with the substrate, and the other one, with the ac-
tive layer or the interface between the active layer and 
the barrier layer, where, according to the design of the 
heterostructure, the p–n junction should be located. 
Depending on the injection current, these channels ob-
viously compete with each other. 

With temperature increasing, the intensity of the 
high-energy EL lines decreases and eventually (at 
T ~ 80 K) these lines disappear, so only the low-energy 

lines remain in the spectra. Figure 3 shows the EL 
spectrum of sample A at T = 90 K recorded at the in-
jection current I = 0.8 A. The EL spectrum peak corre-
sponds here to the energy 0.332 eV, with FWHM of 
the EL line equaling 33 meV. 

Figure 4 shows the temperature dependences of the 
EL peaks position for samples A with composition of 
active layer y = 0.075 and C with composition of ac-
tive layer y = 0.16. The solid lines in the figure show 
the calculated temperature dependences of the band 
gap of InAs1–ySby. These dependences were con-
structed for a solid solution using the Varshni expres-
sion [7] 2 1

0 α ( β) .gE E T T −= − +  Here, 0 0.418E =  eV 
( gE  at T = 0 K for InAs), and α and β are constants 
(α = 2.76×10–4 eV/K, β = 93 K for InAs [8]). 

The temperature dependences of the high-energy 
peaks follow the band gap dependence on the temper-
ature. However, the energies of these peaks greatly ex-
ceed the value for gE  in the active layers, and there-
fore, as mentioned above, these peaks should be 
attributed to radiative recombination channel related to 
the InAs substrate. The energies of these peaks are 
~15 meV smaller than the bandgap of InAs, and ac-
cording to observations made earlier [5], these high-
energy bands most probably originate in the recombi-
nation involving donor-acceptor pairs formed by resid-
ual impurities and defects in the substrate. According 
to Fig. 2, in the sample with larger InSb content, this 
channel becomes more dominant with increasing the 
current. Still, the channel can be considered parasitic 
as it obviously consumes considerable part of the in-
jected carriers and thus, weakens emission from the ac-
tive layer. 

Of greater interest, however, is the temperature de-
pendence of the low-energy EL peaks. As can be seen 
in Fig. 4, at low temperatures the energies of these 
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Fig. 3. EL spectrum of sample A at T = 90 K. 
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Fig. 4. Calculated temperature dependences of solid solution  (1) and EL peak positions for samples A (a) and 
C (b) for the emission from the active layer (2) and from the substrate (3). 
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peaks are noticeably smaller than the calculated gE  
values of the active layers. This difference, depending 
on the sample, can reach a value of 50 meV. 

In this regard, we can make an assumption about 
the formation of an interface radiative recombination 
channel near the type II heterointerface, which formed 
in the heterostructures under consideration. Indeed, it 
was shown in Ref. [9] that for narrow-gap InAsSb 
layer compositions, the InAs1–ySby/InAsSbP hetero-
junction is a type II transition. When a forward bias is 
applied to the heterostructure, due to band bending at 
the n-InAsSb/p-InAsSbP heterointerface, potential 
wells for electrons and holes form in the conduction 
and valence band, respectively. Under the action of the 
external electric field, carriers are accumulated in po-
tential wells. The conditions for indirect radiative tran-
sitions through the type-II heterointerface are estab-
lished and the value of this indirect ‘energy gap’ 
involved in recombination can be smaller than the gE  
value of the narrowest-gap solid solution forming a 
given heterojunction. Thus, the experimentally ob-
served radiative transitions at Т = 4.2 K with a photon 
energy much lower than the value of gE  of the active 
region should be due to carrier recombination near the 
InAsSb/InAsSbP heterointerface. For the structures 
whose data are shown in Fig. 4, the energy of the spec-
tral maximum of the low-energy peak hardly changes in 
the temperature range T = 4.2–150 K and starts to fol-
low calculated ( )gE T  dependence only at T ~ 200 K. In 
the temperature range 150 < T < 200 K, for the studied 
structures, the change in the position of the EL peaks 
often follows the temperature narrowing of the band gap 
of InAs1–ySby with some deviation towards lower ener-
gies relative to the calculated dependence ( ).gE T  The 
energy deviation is 15 meV at T = 150 K and decreases 
to zero at T > 200 K. The value of 15 meV is close to 
the activation energy of the shallow Zn acceptor in InAs 
and related solid solutions [10]. Thus, it can be assumed 
that spontaneous luminescence in this temperature 
range is due to radiative recombination with the partici-
pation of Zn acceptor states in the bulk of the active re-
gion, which are formed as a result of zinc diffusion from 
the barrier layer to the active layer. 

4. SUMMARY AND CONCLUSIONS 

Thus, we have studied the channels of radiative recom-
bination in n-InAs/InAs1–ySby/p-InAsSbP LED hetero-
structures with the composition of the active layer 
y = 0.075–0.16. EL spectra were obtained at various 
temperatures and various currents, which made it pos-
sible to observe radiative recombination channels as-
sociated with the active layers and the substrates. 

Dependences of EL intensity on the injection current 
for samples with compositions y = 0.075 and y = 0.16 
were different, which confirmed the technological 
challenges associated with growing longer-wave-
length MWIR structures. Various recombination chan-
nels have been established in the structures. In partic-
ular, a peak associated with the recombination in the 
substrate was discovered at low temperatures 
(T < 100 K), which effect can be considered parasitic. 
As to the active layer, at low temperatures (T < 150 K) 
the radiative recombination occurs at the heterointer-
face between the active and barrier layers, yet at higher 
temperatures it proceeds in the bulk of the active re-
gion. We believe that this feature can be useful in the 
design of devices with temperature-independent emis-
sion wavelength. 
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