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The short-term degradation 
mechanisms of 275-nm-band AlGaN 
multiple quantum well (QW) deep-
ultraviolet light-emitting diodes 
fabricated on a (0001) sapphire 
substrate were investigated under 
hard operation conditions with the 
current density of 66 A/cm2 and the 
junction temperature of 105 °C. The 
optical output power (Po) decreased 
by about 20 % within the operating 
time (top) less than 102 h and then 
gradually decreased to about 60 % by 
484 h, as shown in Fig. 1. For elucidating the cause for the initial degradation (top < 102 h), 
complementary electrical, time-resolved photoluminescence (TRPL), and impurity 
characterizations were carried out making a connection with the energy band profiles. 

The initial degradation was accompanied by the increases in both the forward current (IF) 
below the turn-on voltage (VD) and reverse leakage current (IR). These results are consistent 
with those reported previously [1-5]. Because the weak-excitation room-temperature PL 
lifetime for the near-band-edge emission (𝜏 ) using the QW-selective TRPL showed only 
slight change by the operation at least until 1002 h, the initial degradation is attributed 
essentially to the decrease in carrier injection efficiency (𝜂 ). From the correlation 
between the energy band profiles and H concentration profiles before and after the operation, 
the 𝜂  reduction is ascribed to be due to depassivation of initially H-passivated 
preexisting nonradiative recombination centers (NRCs) in a Mg-doped p-type Al0.85Ga0.15N 
electron blocking layer (EBL) caused by certain breaking of H bonds and the electric field 
induced drift of H+. According to our database on the species of vacancy-type defects acting 
as NRCs in AlN [6] and GaN [7], vacancy clusters comprised of a cation vacancy (VIII) and 
nitrogen vacancies (VN), such as V V ~ , are the most suspicious origins of the NRCs in 
the Mg-doped p-type AlGaN layers [8]. 
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Figure 1 (a) Room-temperature EL spectra of the 275-
nm-band AlxGa1-xN QW LEDs before and after the 
operation (top = 0, 31, and 1002 h). (b) Relative optical 
output power of the LEDs as a function of top. 



Supplementary Information 

Fig. S1: (a) Room-temperature EL spectra of the 275-nm-band AlxGa1-xN MQW LEDs before and after 
the operation (top = 0, 31, and 1002 h). (b) Relative optical output power of the LEDs as a function of 
top. (c) Forward current (IF) - voltage (VF) characteristics and (d) reverse current (IR) at V= - 5 V for the 
LEDs as a function of top. 

 
Fig. S2: (a) Room-temperature NBE PL 
intensities for a series of LED chips as functions 
of time after excitation (x-axis) and top. (b) 
Room-temperature 𝜏  of the LED chips as a 
function of top. Shaded zone indicates 𝜏  for a 
series of pristine LED chips showing little but 
distinguishable individual differences. 

Fig. S3: Energy band profiles (black lines) and gross electric field (𝐹) distributions (blue lines) of the 
LEDs calculated for (a) VR = 5 V, (b) VF = VR = 0 V, (c) VF = 4 V, and (d) VF = 7 V, where EFn and 
EFp represent quasi Fermi levels for the electron and hole, respectively. In panels (a) - (d), relative 
electron energies are shown on left vertical axes and the electric fields (𝐹 = −𝑑𝐸 𝑑𝑥⁄ ) are shown on 
right vertical axes, where positive F value indicates that F points from the surface (p) side to the bulk 
(n) side. (e) Concentration profiles of Mg ([Mg]) (green) and H ([H]) (magenta) quantified by SIMS 
measurement before (dotted lines) and after (solid lines) the operation for top = 300 h. 


