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Participation of defects localized at heterointerfaces and extended
defects in the degradation of nitride-based light-emitting devices
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A decrease in external quantum efficiency (EQE) of commercial LEDs based on MQW InGaN/GaN at
wavelengths of 445, 530 and MQW AlGaN/GaN at 280 nm was experimentally studied in the standard aging
mode at direct current. The decrease in EQE (regardless of the radiation wavelength) is found out to occur due to
cooperative phenomena developing in 1-2 quantum wells (QWs) located in the space charge region (SCR) around
the p-n junction, as well as in most of the QWs outside of SCR. It is shown that the inhomogeneous flow of current
in these regions leads not only to the transformation of defects localized at heteroboundaries in the SCR and in
lateral inhomogeneities in the alloy composition outside of SCR as well as in the extended defects, but also to a

change in the alloy composition.
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Despite the impressive advances in nitride-based LED and
laser technology, the problem of low service life of green
and especially ultraviolet lasers and LEDs has not been
resolved. As noted in the review [1], this is largely due
to the fact that the mechanism of defect generation under
the influence of injection current has not been clarified and
there is no consensus on in which part of emitting quantum-
sized structures this process develops. In lots of studies,
Auger recombination is used as the main mechanism, as
well as the generation of Shockley-Read-Hall point defects
in the active region or in dislocations and grain boundaries.

In this work, the role of heterointerface disorder in
the development of the degradation process in nitride-
based LED is experimentally clarified.

The studies were carried out on commercial LED with
an area of 1 mm? with radiation wavelengths of 280, 450
and 530 nm. The VCE values of the studied diodes were 3,
70 and 37%, correspondingly. The current-voltage curves
(CVC) of LED, electroluminescence (EL) spectra, VCE
dependences at half maximum (FWHM) on current density,
the VCE distribution over wavelengths, and the dependence
of the spectral density of low-frequency noise on frequency
have been studied. The standard aging mode [1,2] was used
at constant current density j = 35A/cm? without heating
for AlGaN/GaN LEDs and j = 80 A/cm? with heating up
to 80°C.

An analysis of the experimental data obtained in this
work and in numerous published works [1,3,4] showed that
a decrease in the values of the VCE at the maximum of
nitride-based LED (regardless of the radiation wavelength)
is almost always accompanied by a characteristic change
form CVC (Fig. 1, a, b) with increasing aging time.

In this case, the main difference lies in the significant
difference in the aging time, during which the VCE falls
by a factor of 2, in the value of the VCE before and
after aging, as well as in the opening voltage of the p-n
junction (Uyp) LED before aging. For the LED studied
in the work, Uy has the following values: 2.7V for
blue, 2.8V for green and 5.8V for ultraviolet LED. The
excess of the experimental value Uy, in comparison with
Um, corresponding to the maximum wavelength of LED
radiation, is known [5] to be caused by fluctuations in the
composition of the solid solution. Thus, there are maxi-
mum fluctuations in the composition of the solid solution
for ultraviolet LED. Previously, in our work [6] it was
shown that the Uy, values increase on LED with the same
radiation wavelength, but with different degrees of ordering
of heterointerfaces and solid solution composition. It should
be noted that changes in the CVC during aging are observed
at a voltage less than Uy, i.e. in quantum wells (QW)
located in the SCR of the p-n-transition, and the transport
of charge carriers is tunneling. The evolution of the reverse
branch reflects the growth of charged centers with increasing
aging time (Fig. 1), and the increase in the ideality factor
of the forward branch (n> 2) and the deterioration of
the rectifying properties of the p-njunction suggest the
participation of defects localized at heterointerfaces and in
composition fluctuations solid solution, in a reduction VCE.
This assumption is confirmed by the experimental facts
presented in our work [6]. It shows that the CVC have the
same characteristic form as in Fig. 1,a (curve 3) for LED
with poorly ordered heterointerfaces before degradation
and low VCE values at the maximum before degradation.
Distributions of VCE values over wavelengths in the range
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Figure 1. Current-voltage curves before and after aging for (a)AlGaN/GaN-LED: I — before aging, VCE — 3.2%; 2 — after 10 h aging,
VCE — 2.7%; 3 — after 25h aging at constant current, VCE — 1.8% and (b) InGaN/GaN LED: I — before aging, VCE — 60%; 2 —

10000 h aging at constant current, VCE — 40%.
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Figure 2. (a) Distribution of VCE values by wavelength for green LED: I — before aging, 2 — after 3000 h. (») Dependence of the
spectral density of low-frequency current noise on the current density in a blue LED: / — before degradation, 2 — after 3000 h aging .
There is a decrease in the VCE without a change in wavelength at direct current and in pulsed mode at current densities of more than 40
AJem?, presumably caused by heating as a result of recombination-stimulated defect reactions [7].

of currentsl = 4—1000mA and voltages, before and after
aging using the example of a green LED (Fig. 2,a) reflect
the changes occurring in QW located in the SCR (the
area to the right of the red line in Fig. 2,a4) and in
the QW outside the SCR under the influence of current.
Previously [6] it was found that a vertical straight line
at a fixed wavelength (curve 7 in Fig. 2,a) visualizes
the growth of the effective radiative recombination (IR)
from QW located in the SCR of the p-njunction, and
the areas of decrease in the VCE at U > Uy, (to the left
of the red line) visualize the process of non-equilibrium
filling with carriers of lateral fluctuations in the solid
solution composition (SSC) in (QW) outside SCR. After
aging (Fig. 2,a, the curve 2) shifts the maximum to a
shorter wavelength region and a weak IR appears in the

longer wavelength region, and the lateral fluctuations SCR
are practically filled with carriers. These changes after
aging (Fig. 2,a, curve 2) essentially visualize the change
in SCR in the QW, which allows to assume not only
the transformation and generation of defects, but also the
local migration of indium or gallium. The assumption
of local migration of indium or gallium is based on the
mechanism of recombination-stimulated diffusion of defects,
discovered in light-emitting devices based on GaAs, GaP, InP
and developing with increasing level of injection of non-
equilibrium charge carriers. This mechanism is described
in many theoretical and experimental works, summarized in
the review [7).

The observed phenomena can be explained within the
framework of the microscopic theory of heating of local
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vibrations during multiphonon recombination [7,8]. Exper-
imentally revealed increase in heterogeneous current flow
during aging (change in the slope in the section of the S;(j)
dependence in LED, Fig. 2,b, curve 2), heating of LED
at U > Uy, non-equilibrium filling of lateral fluctuations in
the composition of the solid solution by tunneling charge
carriers, the local nature of metal release at the contacts
at the final stage of degradation are strong arguments in
favor of the participation of recombination-stimulated defect
reactions in the development of degradation. The interaction
of charge carriers with lateral composition fluctuations
leads to a decrease in the fluctuation band potential. As
a result, the mechanism of transport of charge carriers
changes from tunneling to diffusion, from lateral to vertical
along conducting channels outside the SCR. The hetero-
geneous flow of current is confirmed by the experimental
distributions of power and spectral characteristics over the
emitting surface [9,10]. As a result, the local current
density in conducting channels, such as stacking faults, grain
boundaries, and dislocations, increases, and the process of
multiphonon recombination of charge carriers in extended
defects with local energy transfer sufficient for configuration
rearrangement and migration of defects becomes possible.
This mechanism leads not only to a decrease in the VCE
values, but also to the failure of light-emitting devices.
Experimental confirmation is the local release of gallium
or indium in degraded devices [10].

The studies carried out made it possible to find out
that the decrease in the VCE of nitride-based LED during
aging is caused not only by the transformation of defects
localized at the heterointerfaces of the QW located in the
space charge region (SLC) of the p-njunction, but also
by a change in the composition of the solid solution in
its lateral heterogeneities. The transformation of defects is
accompanied by a characteristic change in the appearance
of the CVC of the LED and a deterioration in their
rectifying properties. Moreover, these changes in the type
of CVC are practically independent of the composition
of the LED solid solution and the test mode for service
life. However, the time to achieve these changes may
differ by orders of magnitude for LED with different solid
solution compositions.
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