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Abstract—We present results from a combined experimental
and numerical investigation of a blue InGaN/GaN LED test
structure grown on a SiC substrate, confirming that tunneling
represents a critical contribution to the sub-threshold forward-
bias current and discussing the relative importance of different
trap-assisted electron tunneling processes.

I. INTRODUCTION

Since sub-threshold forward-bias current is a sensitive
indicator of growth quality as well as of device reliability
and ESD robustness [1]-[4], the improvement of its physical
understanding and the demonstration of reliable physics-based
approaches for its simulation are important for LED technol-
ogy optimization. The aim of this study is to investigate the
relative relevance of several trap-assisted electron tunneling
mechanisms in a single-quantum-well test structure manu-
factured by OSRAM Opto Semiconductors and characterized
at room temperature at Universita di Padova. The test LED
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Fig. 1. Band diagram illustrating the processes considered in the present
analysis, involving electrons tunneling from the n-GaN region towards trap
levels located in the forbidden gap of EBL, spacer and QW.

structure, grown on a SiC substrate, includes a n-doped GaN
buffer layer, a 10-nm GaN quantum barrier (QB), a 3-nm
Ing.15Gag g5N quantum-well (QW), a 2-nm GaN spacer, a
40-nm p-doped Aly.15Gag g5N electron-blocking layer (EBL)
and a GaN p-cap region. All simulations have been carried
out with Sentaurus Device [5], which allows the inclusion of
user-defined microscopic descriptions of tunneling processes
through its physical model interface.
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Fig. 2. Comparison between measured and simulated I(V') characteristics,
including different forward tunneling channels.
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Fig. 3. Simulated I(V') characteristics using donor- and acceptor-like traps
with different energies compared with experiments.

II. SIMULATION RESULTS

In agreement with previous literature mainly focusing on
GaN LEDs on sapphire substrates [6]-[9], our simulations
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in the sub-threshold regime suggest that trap-assisted forward
tunneling could be one of the most relevant contributions to
the current flow [10]-[12]. Its impact on (V') curves depends
on the number of layers affected by traps (Fig. 2). Trap levels
closer to the edge of the conduction band (CB) are associated
to higher forward currents (Fig. 3). In fact, when the energy
level of the trap E; is located closer to the CB edge, the
tunneling path is shortened and the corresponding tunneling
probability is increased. An increase of the trap density [V, also
leads to larger forward currents. The different role of donor-
and acceptor-like traps has been studied, for the information
it can provide on the role played by extended (dislocation) or
point defects. We have also observed (Fig. 4) that the I(V')
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Fig. 4. Simulation reproducing the experimental characteristics above 2V,
obtained by tuning only the E; and N trap-assisted tunneling parameters.

measurements above 2V can be accurately reproduced (on a
current range of about five orders of magnitude) by tuning only
the two trap-assisted electron tunneling parameters E; and N;.
Even if the agreement between simulation and experiments is
encouraging, at low bias voltages there is still a significant
discrepancy, and a more complete description of the physical
processes involved in that range is needed. Fig.5 illustrates
some of the possible additional mechanisms involved, which
include trap-assisted tunneling through and under the quantum
well or between QB and EBL. The contribution of heavy-hole
tunneling should also be included, since it is expected to have
an impact in the intermediate voltage regime [9].
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Fig. 5. Possible additional sources of forward current flow in a SQW LED:
(a) trap-assisted tunneling through the QW; (b) trap-to-trap tunneling under
the QW; (c) trap-assisted tunneling between n-type QB and p-type EBL; (d)
trap-assisted hole tunneling.
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