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Effect of thermal neutrons on emission characteristics

of InGaAs/AlGaAs heterolasers

B.I. Makhsudov

Abstract. 1t is studied how the threshold current of InGaAs/AlGaAs
quantum-well injection heterolasers emitting near the wavelength
A = 0.7 um changes under irradiation by thermal neutrons. It is
found that the threshold pump current decreases at small doses
(1072 neutron cm2), while doses exceeding 6x107 neutron cm
cause an increase in this current and degradation of the structure. It
is found that the main reasons for an increase in the threshold cur-
rent at high irradiation doses are the nuclear reactions of the 4In''
(n, ¥) ~> 4In'!¢ type and the B-decay of the 4In''® isotope, which
results in the appearance of 5,Sn'!® atoms.
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It is known that degradation processes occurring in optoelec-
tronic devices due to penetration of heavy particles, as well as
due to nuclear reactions with probable subsequent decay of
their products, are related to the appearance of new atoms in
the lattice, which affects the electrical and optical properties
of devices. In this connection, it is interesting to study the
effect of thermal neutrons on the emission characteristics of
semiconductor lasers.

There exists a number of works [1-5] devoted to investi-
gation of the influence of irradiation on the characteristics of
heterostructures, but the physical nature of processes occur-
ring in the active region of lasers under irradiation by thermal
neutrons is far from understanding.

The aim of the present work is to study the effect of neu-
tron irradiation on the threshold current of InGaAs/AlGaAs
quantum-well heterolasers.

We studied typical low-power InGaAs/AlGaAs strained
quantum-well heterolasers operating in the red spectral
region.

The total number of samples was 40, and the average
threshold current at 25°C was 7 mA. Similar to paper [4], we
evaluated the workability of lasers by using short-term (10 h)
tests at a temperature of 70 °C and a constant radiation power
before irradiation. The testing setup allowed us to simultane-
ously measure the light—current characteristics of 16 lasers.

Then, the samples were irradiated by thermal neutrons
from a Pu—Be source (neutron energy 0—10 MeV) with doses
from 4x107 to 3.5x10% neutron cm. To produce thermal
neutrons, a 5-cm-thick paraffin layer was placed between the
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source and the sample. After irradiation, the threshold cur-
rent of lasers was measured again.

Figure 1 presents the light—current characteristic of some
lasers before and after irradiation with different doses.

Figure 2 shows the dependence of the threshold pump
current of lasers on the irradiation dose for different samples.
Each point corresponds to a threshold current averaged over
10 samples. One can see that the threshold current decreases
at doses of ~4x107 neutron cm™> and begins to increase at
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Figure 1. Light—current characteristic of InGaAs/AlGaAs heterolasers
(1) before and (2) after irradiation by thermal neutrons with @ = (a)
4.4x107, (b) 9.54x107 and (c) 1.35x10% neutron cm2.
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doses exceeding ~6x 107 neutron cm2. The latter dependence
can be represented in the form

I=1(A® + B),
where [ is the threshold current of lasers before irradiation;

@ is the irradiation dose; and the 4 and B coefficients are
3.3x107° cm? and —0.88, respectively.
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Figure 2. Dependence of the threshold current of GaAs/AlGaAs het-
erolasers on the dose of irradiation by thermal neutrons.

It should be noted that, in the case of gamma-irradiation,
these coefficients were B = 1, 4; = 2x107"% cm? and 4, =
4.4x 1078 cm? [4], which means that thermal neutrons stron-
ger affect the properties of heterolasers than gamma photons.

It is known that thermal neutrons are easily captured by
nuclei and the generated new isotopes frequently turn out to
be radioactive. Decay of these isotopes results in the forma-
tion of impurity atoms in the active region of heterolasers.
According to [6], the thermal neutrons activation cross sec-
tion of isotopes of Al, Ga, As and In are 0.21, 1.4, 5.4 and
155b, respectively. Thus, thermal neutrons most strongly
affect indium nuclei. According to [7], neutrons cause the
radiative capture reaction (n, ). This reaction occurs with a
higher probability in the case of slow neutrons with an energy
from 0 to 500 keV. An example of the (n, y) reaction is the
process

49111115 +n-> 49111116 + V.

The formed radioactive isotope 4In!'® decays for 54 min as
follows:

49111116 - 50811116 +e + 7.

Stannum nuclei in the InGaAs/AlGaAs heterostructure
are foreign. The appearance of defects in the crystal lattice
distorts the structure of electronic levels, which changes the
optical properties of the active region of heterolasers. These
changes lead to a decrease in the number of radiative centres
and to an increase in the threshold current of semiconductor
lasers containing indium in the active region.

The experimental results show that InGaAs/AlGaAs het-
erolasers are highly sensitive to thermal neutrons and can be
used as neutron detectors.
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