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In this work the theoretical investigation of temperature dependence of the threshold current in
quantum well structure of mid-TIR range with strain layers based on InGaAsSb/AlGaAsSbh struc-
ture has been made. As an example of processes which have an influence on the threshold current
temperature dependence the Auger recombination have been chosen. This process exerts the largest
influence on the temperature dependence. The obtained Auger recombination versus As mole frac-
tion dependence illustrates the way of this lost mechanism reduction by fitting structure material
and its mole fractions in such lasers. The presence of such a result allows to reduce nonradiative
losses and the threshold current temperature dependence.
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High performance long wavel ength mid-IR lasers
emitting at the wave length greater than or equal to
2 pm are of great interest because their wavelengths coin-
cide with the atmospheric transparence window. These
lasers can be used in the following applications: envi-
ronmental monitoring (in this spectral region the water
vapour absorption is very weak while absorption lines of
some pollutants are very strong). Other fields in which
mid-IR lasers can work are remote sensing, molecular
spectroscopy, solid-state lasers and mid-IR semiconduc-
tor lasers pumping, infrared countermeasurements, laser
radar and communications. The main requirements for
semiconductor lasers are performance above room tem-
perature and high emitting efficiency.

The structures with strain layers allow to get low
threshold current that is related semiconductor band
structure modification. The strain presence permits to
change such important material parameters as the lat-
tice constant, the band gap energy as well as and the
effective mass value.

Semiconductor lasers based on InGaAsSb/GaSh have
low threshold current density, but their internal quantum
efficiency is not greater than 47% and output continuous
wave optical power at room temperature is only 2 mW.
However, these quantum structures with barrier layers
AlGaAsSb and active layers InGaAsSb have high val-
ues of their internal quantum efficiency and the output
continuous wave optical power at room temperature of
1.9 W [1]. Tt makes lasers diode based on such materi-
als fetching as radiation sources for spectroscopic atmo-
sphere investigation.

One of the main working characteristics of semicon-
ductor lasers 1s the dependence of the threshold current
versus temperature. The formula for the threshold cur-
rent temperature dependence is defined as [2]:

Ien(T) = Iy exp(T/Th)
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where Iy is the constant; Ty is the characteristic tem-
perature which is used for description threshold current
temperature sensitivity; e is the electron charge; Ny, is
number of quantum wells; L, is the quantum well thick-
ness; N is the quantum well length; W is the quantum
well width; n; is the internal quantum efficiency; A is the
molecular recombination coefficient (defect and surface
recombination); n is the carrier density; B is the bimolec-
ular recombination coefficient; C'is the coefficient of non-
radiative or Auger recombination; [icakage is the leakage
current. Each component of the formula describes corre-
sponding current terms:

Ith(T) = IA + IB + IC + Ileakage~ (2)

Strong temperature dependence of the threshold cur-
rent limits the laser application range. The processes
of non-radiative Auger recombination, intersubband ab-
sorption and leakage current exert negative influence on
this characteristic. It has been found out that the Auger
recombination plays a principal part [3] and leads to the
increase of the threshold current and its temperature sen-
sitivity (in this case the characteristic temperature Tg
decreases).

Processes of non-radiative recombination predominate
at room temperature and lead to a sharp threshold cur-
rent increase under the temperature rise. Thus, these
processes are the main lost mechanism of long wavel en-
gth lasers.

The goal of our work is the theoretical in-

vestigation of temperature dependence of thresh-
old current [, in quantum  well  structure
of mid-IR range with strain layers based on

In(1—oyGag AsySbei_y) /Al Gag AsySbi_y).

One of the methods of the non-radiative Auger re-
combination weakening is to use structures with strain
layers. In our case the quantum-well layer consists of
three In(; _;yGazAsySb(1_y) quantum wells with the lat-
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tice constant a; = 0.6165 nm and with ag = 0.6096 nm

for the barrier layer Al _;)GazAsySbi_y). As az > ag

we have compressive strain case [4]. The data for math-

ematical model are in Table 1.

Numerical values
z=0.6by=0.15
z = 0.6y =0.03

Parameters

Active layer mole fraction

Barrier layer mole fraction

Number of quantum wells 3
Quantum well thickness 10 nm
Barrier layer thickness 30 nm
Cavity length 820 pm

Internal quantum efficiency 75

Table 1. The data for mathematical model.

To investigate the non-radiative recombination we
made the calculation in accordance with [3] where the
following Auger recombination processes are taken into
account: interaction of three electrons and a heavy hole
(CCCH); an electron, two heavy holes and a light hole
(CHHL); an electron, two heavy holes and a hole of spin-
orbit splitting band (CHHS).

Thus, in each process three particles participate Auger
recombination coefficient is inversely proportional to n3,
where n is the carrier density. In this case the Auger
recombination coefficient can be defined as follows:

C = R,/n?, (3)

where R, is the Auger recombination rate. The influ-
ence of Auger recombination processes on the quantum
well semiconductor lasers performance depends on the
distance between corresponding band energy quantizing
levels which take part in the Auger transitions or for elec-
tron — split-off hole process on the difference between
this value and the split-off band energy.

In common (bulk) case the dependence of the Auger
recombination coefficient versus the temperature is ex-
pressed by formula [5]:

')
¢ =Crewp () ()

where Cy is the Auger recombination coefficient which
does not depend on the temperature; E, is the Auger
process activation energy; kg is the Boltzmann constant;
T is the temperature.

For every three processes which we consider the acti-
vation energy equals to:

— for CCCH process:

E4(CCCH) = AmcceuFoim(T), (5)

me
A = 6
mcccH I (6)
— for CHHS process:
E(CHHS) = Amcuns (Foim(T) — As,) (7)
ms

Amcpuns = ;
2mpp + me — My,

— for CHHL process:

E4(CHHL) = AmcunrFcoiri(T), (9)

M

AmCHHL = (10)

b)
2mpp + me — myp

where Ecim i1s the distance between the first quantizing
levels in the conduction band and the heavy hole sub-
band; m. is the electron effective mass; my;, is the heavy
hole effective mass; Ag is the split-off band energy; m;
is the split-off hole effective mass; E¢ir,1 1s the distance
between first quantizing levels in the conduction band
and the light hole subband; my, i1s the light hole effec-
tive mass. The total Auger recombination coefficient is
defined by the processes sum:

Ciotal = Coccn + Cenns + Conmr. (11)
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Fig. 1. Auger recombination coefficients versus tempera-
ture.

In Fig. 1 the total Auger recombination coefficient ver-
sus As mole fraction dependence is shown where one can
see the presence of minimum on the total Auger recom-
bination coefficient curve. To explain this occurance the
behavior of each Auger recombination coefficients should
be considered. The reason for such a behaviour is the ac-
tivation energy change as the reduction of the energy
between the first quantizing levels for all processes oc-
curs; effective mass ratios in (5), (7) and (9) have small
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values at the same time. The CHHS process falling is
concerned with the decreasing value of A; i.e., an in-
crease of the split-off band splitting and a decrease of
the CHHS process take place.

0.04 -

Fig. 2 shows the calculated threshold current tem-
perature dependence which illustrates perfect agreement
with the experiment held by Y. Rouillard [6]. The reduc-
tion nonradiative current (I¢) contribution to the total
threshold current is observed at near and above room
temperature while the role of radiative current (Ip) is
rising.
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The obtained Auger recombination coefficient min-

imum which leads to the threshold current reduction 0

points to the As optimal mole fraction availability in the 240 260 280 300 320 340 360

structure which we investigate that allows to produce Temperature T, K

semiconductor mid-IR detectors ensuring steady genera-

tion at room temperature. Fig. 2. Threshold current versus temperature.

[1] D. A. Yarekha et al., Semicond. Sci. Technol. 15, 1 (2000). ley, New York, 1995).

[2] G. P. Agrawal, N. K. Dutta, Long-wavelength semiconduc- [5] A. F. Phillips, S. J. Sweeney, A. R. Adams, P. J. A. Thijs,
tor lasers (Van Nostrand Renhold Co., New York, 1993). J. Select. Topics Quantum Electron. 5, 3 (1999).

[3] A. Haug, J. Phys. Chem. Solids 49, 6 (1988). [6] Y. Rouillard, F. Genty, A. Perona et al., Philos. Trans. R.

[4] S. L. Chuang, Physics of optoelectronic devices (John Wi- Soc. London A 359, 581 (2001).

IIOPOTOBA PEOVKIIISI CTPYMY V¥V IITAPYBATIA CTPYKTVYPI GaAsSb

O. Mamromina, B. JIucak, I. CyxoiiBarnoB
Xapxriecoruti naytonasvruli yrisepcumem padioesekmponiKu,
npocn. Jlenina, 14, Xapxis, 61166, Vipaina

IIpoBenero TeopeTwdHe HOCTIMKEHHA TEMIIEPATYPHOI 3aJ€XKHOCTA TIOPOTOBOTO CTPYMY y KBAHTOBOPO3-
MIDHMX CTPYKTypax cepeaHboro |Y-midamasony 3 HampyXeHWMH mrapamm Ha ocHobl InGaAsSh/GaS Ta
InGaAsSb/AlGaAsSb. Cepen 6araThox MpOIECiB, MO BIIMBAIOTH HAa TEMIEPATyPHY 3aJIEXKHICTH MOPOTOBOTO
cTpyMy, BUOpaHO Ta po3ridaayTo Oxe-peKoMbiHAaIN0, dKa Ma€ HalbOLIbIINIA BIUIMB Ha TeMIlepaTypHY XapaKTeprc-
TuKy. OTprMaHa 3aJIeXKHICTh KoedirieHTiB Oxe-pekoMbiHaIll Bl MOJAAPHUX (PPaKIii CTPYKTYPH, IO PO3TJIAIa-
€ThCA, 1JIIOCTPY€E HadBHICTH MIHIMYyMY Ha Il 3a/1eKHOCTI, a TaKOoXK HIJIAX I0 3HIKEHHHA IIbOT0 MeXaHI3My BTpaT
— 1e mabip MaTepisyly CTPYKTYpPH Ta Horo MosdpHux gpakifii. OmepXaHi pe3yabTaTd Jal0Th 3MOTY 3MEHITUTH
6e3BUIPOMIHIOBAJIBHI BTPATH Ta TEMIIEPATYPHY 3aJIeKHICTh TIOPOTOBOTO CTPYMY.
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