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For the first time, we demonstrate recombination-induced defect generation in
InGaN/GaN-based optoelectronic devices, by stressing InGaN/GaN high periodicity MQW
structures: the results will significantly improve the understanding of the degradation of LEDs,
lasers and photodetectors, since — so far — only current-driven or temperature-induced
degradation processes have been investigated. Photocurrent spectroscopy was used to provide
insight in the degradation process.

The devices under test are 25 pairs of Ino1sGaossN/GaN (2.2 nm and 4.8 nm thick,
respectively) multi quantum-wells, sandwiched between a Mg:GaN (5x10! cm) and a Si:GaN
(5x10% cm™) layer grown on a sapphire substrate (inset of Fig. 1). During stress in short-circuit
condition under illumination with a 405 nm, 361 W/cm? laser diode, the short circuit current
was found to decrease significantly (see Fig. 1). This reduction can be detected also by current-
voltage characterization under optical excitation (Fig. 2 (a)), providing additional information
on the reduction in open circuit voltage and in the maximum electrical power that the cell can
supply (Fig. 2 (b)). The variation over time is reported in Fig. 3, showing also a stable fill factor.

By means of photocurrent spectroscopy experiments we detected a clear increase in a
broad photocurrent edge at 530 nm (Fig. 4), which is compatible with the yellow luminescence
of gallium nitride and, therefore, with the increase in concentration of gallium vacancies [1]
and/or complexes involving carbon in nitrogen substitutional position [2] or oxygen [3]. The
good correlation between the decrease in the maximum electrical power and the increase in the
photocurrent signal of gallium vacancies (inset in Fig. 4) suggests that the generation of gallium
vacancies and/or their complexes is the most likely cause for the degradation of the device.

Those devices are ideal structures for testing additional degradation modes. Degradation
involves exchange of energy between sources in the device and its atoms. Typical sources
investigated in the literature are energetic electrons (current) and phonons (temperature). In an
optoelectronic device, photons with energy higher than the bandgap are present in high density
and may be an additional cause for degradation, especially in devices for UV applications where
the photon energy is higher. Several studies analyze the catastrophic [4] or time-dependent [5]
optical damage at the facets of lasers or the damage induced by low-energy photons [6], but up
to now no experiment was designed in order to understand if GaN itself may be affected by
high energy photon-related degradation. We submitted a device to stress in open circuit
condition, i.e. without any contribution to the degradation from current flow, at 1164 W/cm?.
The photoluminescence maps reported in Fig. 5 show a clear degradation in the device after
stress (b) with respect to before stress (a), confirming that a recombination-induced degradation
process may take place. This variation does not originate from a change in the device
reflectivity, which was found to be uniform (Fig. 6). By means of an infrared thermal camera,
we estimated the temperature of the device under stress to be 30 °C, a value that should induce
no temperature-related damage in the highly stable gallium nitride. Additional tests to
investigate the possible effect of the temperature on this degradation process are currently in
progress.

*Corresp. author: carlo.desanti@dei.unipd.it



-180m
Stress at 405 nm, 361 W/cm? @) 6| Stress @ 405.0m, (b) -
BP0 Sl Bl p-GaN (Mg: 5 x 1017 cm3) M7 361 wicm?
O 100 nm < Excitation at 405 nm,
& 25 MQW pairs | o.748 wiem? o«
O -220m A Ino 15Gao ssN — GaN g 4M+ ___Untreated c
2 22nm-4.8nm 2 ——1h o
~ ~ 4h ;
= -240m - £ 2m 12h < 1m+
< o ——25h =
[¢)] pust []
= Buffer layer S ——50h ;
8 -260m Sapphire 3 0{ —s6n 8
-280m om 4 ol
-300m : : : : . : 0 1 2 3 4 00 05 10 15
1E-4 0.001 0.01 0.1 1 10 100 1000
Voltage (V) Voltage (V)

Time (h)
Fig. 1. Schematic cross section of the device under test Fig. 2. (a) llluminated I-V after every stress step in
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Fig. 3. Dependence on short-circuit stress time of (a)  Fig. 4. Increase in photocurrent edge at 530 nm and
short-circuit current and open circuit voltage and (b) (inset) its correlation with the reduction in the supplied
maximum supplied electrical power and fill factor.
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Fig. 5. Photoluminescence map of a device stressed in  Fig. 6. Reflectivity map of the device stressed in open
open circuit condition (a) before and (b) after stress circuit condition showing no variation causing the
difference detected in Fig. 5.
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