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Tunneling a way to understand

efficiency droop in InGaN

Defect states in quantum well barriers proposed for current leakage.

esearchers based in St. Petersburg, Russia,
Rhave turned their attention to the droop in

ight-emission efficiency with electrical current
in nitride semiconductor light-emitting diodes [N.I.
Bochkareva et al, Appl. Phys. Lett., vol96, p133502,
2010]. The collaboration suggests a droop mechanism
involving tunneling leakage of carriers from the quan-
tum well (QW) to defect states in barriers, and a
reduction in carrier injection efficiency through an
excess tunneling current between deep defect states
in the barriers, bypassing the QW (Figure 1). The work
involved the A.F. Ioffe Physical-Technical Institute,
St. Petersburg State Polytechnical University and the
V.F. Fock Institute of Physics.

As evidence for these tunneling-related mechanisms,
the scientists cite three experimental results of their
work: the efficiency droop occurs in the low-energy part
of the photon emission spectrum; the forward voltage
where the efficiency droop sets in (~2.9V) is independ-
ent of temperature (77-300K); and, at forward volt-
ages greater than the maximum efficiency voltage, the
diode ideality factor is greater than 2 (4.4 at 300K).

An ideality factor greater than 2 can be a signal for
Auger recombination, which is
one of the more popular explana-
tions for efficiency droop effects

The collaboration
suggests a droop

in nitride LEDs. 'Auger recombi- mechanism

nation’ refers to a mechanism invnlving

where the energy from a recom- ;
tunneling

bination event is given to
another carrier, rather than being leakage of

emitted as light, reducing the carriers from the

light-emission efficiency. Since quantum well to

Auger recombination involves :
g dilatic, defect states in
three carriers, it is only expected :
barriers

to occur at higher currents.

In opposition to such an explanation, the St. Petersburg
researchers point to a reduction in the efficiency peak
current at lower temperatures (0.47mA at 300K, 7uA
at 90K). "This efficiency decrease at low currents can
hardly be attributed to Auger recombination.”

The constancy of the forward voltage where maxi-
mum efficiency occurs is also seen as significant, since
it gives electron energies close to the bandgap of the
well material (2.89eV). The researchers suggest that
this maximum efficiency forward voltage is when the
guasi-Fermi levels in the barriers reach the relevant
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Figure 1. St. Petersburg defect-related tunneling model
for a p—n structure with an AlGaN/InGaN/GaN QW. As
the potential difference between the injection regions
pushes the quasi-Fermi levels to the band edges, new
current paths become available from the QW to deep
defects in the p-type barrier (Jgw-p)- Also, localized states
that create lower-frequency emissions are killed by a
similar mechanism at lower forward voltages (Jp;)-
The hole and electron injection currents into the well are
Jpow and J,_qw, respectively. The excess current operates
through tunneling between defect states in the two
barrier regions (Ja).

band edge in the well (bottom of conduction band;
top of valence band — see Figure 1).

These effects would particularly hit localized carrier
states that are often cited as the reason for the
surprisingly high efficiencies of nitride semiconductor
LEDs. Recombination from these states is a slow
process, and faster non-radiative channels would have
a larger effect in killing their efficiency. The reduction
in efficiency in these longer-wavelength states leads to
a blue-shift in the emission spectrum (Figure 2). Irs
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» The LEDs used in the work — T
(from Nichia, model NSPB- :
500S) were grown on sap- )y (a] I (b) | | | |
phire substrates with an
active region consisting of a
single 30A indium gallium
arsenide (Ingy.Gag gN) QW.
The n-type injection region
was 4um of GaN. A p-type
barrier consisted of 100nm
of aluminum gallium nitride
(Al, ,Gag gN). The emission
wavelength was about
470nm (blue).

The epoxy-encapsulated
LEDs were mounted on a
cold finger of a cryostat
chamber for temperature
control. The LEDs were tested ; ! , . _‘i.,
under continuous-wave 2 75 o\ 1 DE * - : '| ll..
(DC) operation. Room-tem- aaart B R PR i | (Y
perature studies often use 25 3.0 35 28 20 £b 2l 28
pulsed operation to avoid .
self-heating of the devices Ciodeioneo wiage U b, eV
from resistance effects. Figure 2. (a) Spectral efficiency of electroluminescence (EL) vs diode forward voltage for
This is not necessary for different spectral regions. (b) Room-temperature EL spectra at various driving currents.
deliberately cooled devices. m
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