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Abstract- To increase the internal quantum efficiency (IQE) of
AlGaN/GaN based multi quantum-well (MQW) UV-C LED, the
aluminium composition of barriers and wells in the active region
has been engineered. Increase in electron-hole overlap and hence
the radiative recombination rate in the final engineered structure
has enabled to enhance the IQE by 8%.

1. INTRODUCTION

Over the last decades, significant research attention has been
developed in I1I-nitride UV LEDs as they possess a number of
properties that are not accessible in any other semiconductors.
[I-nitrides have some unique properties which include high
dielectric breakdown voltage and wide range of bandgap that
spans from the infrared to the deep ultraviolet regions. AlGaN
ternary alloy has a direct-bandgap which is tunable between
3.43eVand6.11 eV and is suitable for the fabrication of optical
devices with a wavelength range between 200 nm and 365 nm
[1]. Also, as people have become more concerned about
environmental protection, UV-C LEDs gained importance as
they replaced traditionally available mercury based UV-lamps
and thereby reducing production, use and trade of mercury [2].
UV-C LEDs that emit radiation in the range of 260-280 nm are
used for disinfection. In this paper we would like to increase
the internal quantum efficiency (IQE) of UV-C LED that emits
radiation around 267 nm.

II. DEVICE STRUCTURE AND PARAMETERS

The design of UV-C LED structure reported by SaifAddin
Burhan K et al. [3] has been taken as a reference. In our
structure(Fig.1), sapphire has been chosen as substrate upon
which, there is a buffer layer of AIN and n-type Si-doped
AlpesGaossN of 550nm thickness with doping concentration
1x10"%/cm? followed by a 14nm thick undoped Al ¢sGaossN
between the n-layer and the active region. The active region
consisted of three periods of multiple quantum-well (MQW)
structure consisting of 2.8nm thick AlpssGag.4sN quantum well
and 9nm thick Aly¢5Gao3sN barrier and is followed by a final
quantum barrier of 19nm thick undoped Alye¢sGaossN. The
structure contained an electron blocking layer (EBL) of 2.7nm
p-type Mg-doped AlpgoGao.11N which is followed by a 50nm p-
type Mg-doped AlossGaossN of doping concentration
1x10"/cm?. Finally a p-GaN of 5nm thickness and a doping
concentration of 1x10'"%/cm? is used as the cap layer. The
considered values of electron and hole mobilities are 100
cm?/V.s and 10 cm?/V.s respectively [4]. Here, the activation

978-1-6654-1276-6/21/$31.00 ©2021 IEEE

69

p-contact

Active Region

n-contact

Alg.65Gap.3sN(14nm)

Fig. 1. Device Structure

energy for n-Alps;Gag 35N is considered 25 meV and that of p-
GaN is 170 meV, p- AloesGaossN is 380meV and p-
Alo.s9Gap.11N is 470meV as mentioned by hasan et al.[5]. The
structure is simulated using One Dimensional Poisson, Drift-
Diffusion, and Schrodinger Solver (1D-DDCC) software [6].

III. RESULTS AND DISCUSSION

Poor carrier injection and high defect densities cause low
performance characteristics of UV-C LEDs compared to visible
LEDs. One way to improve efficiency is to increase the
radiative recombination rate. For that quantum wells in active
region are graded to enhance the performance of UV-LED [7].
In this paper, we would like to grade the barriers along with the
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Fig. 2 (i). Reference and engineered conduction band profiles in active region
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Fig. 2 (ii). Conduction band diagrams of reference and engineered active
regions at a current density of 12 A/cm?
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Fig. 3. IQE vs Current Density

wells to improve the internal quantum efficiency by increasing
radiative recombination rate of UV-C LED. As shown in shown
in fig.2 (i), in the reference structure (a) the Al composition is
constant in both the well and barrier, in the structure (b), Al
composition is varied in the range 0f 0.57 to 0.51 in the quantum
wells and in the structure (c) Al composition is varied in both
well and barrier, from 0.61 to 0.69 in barrier, i.e., 0.65 to 0.69
in first barrier (towards p-layer), 0.63 to 0.67 in second and third
barriers and 0.61 to 0.65 in the last barrier(towards n-layer). Al
composition is also varied in the range of 0.57 to 0.51 in the
quantum wells. The band profiles of all the three structures at
12 A/cm? (corresponding to maximum IQE) are shown in the
fig.2 (ii). The result shows that in case of structure (a) the
quantum wells are not flat which is improved in structure (b)
where the decrease of Al composition in quantum wells has
resulted in flat well. In structure (c), with the decrease and
increase of Al composition in wells and barriers respectively,
both wells and barriers got flattened. As the wells and barriers
of conduction band get flattened, e-h overlap increases and
thereby increasing the electron-hole radiative recombination as
evident in figure 4. This helps in increasing the IQE as depicted
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Fig. 4. Radiative Recombination Rate vs Voltage
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in figure 3. We observe that Structure (c) has a maximum IQE
of 43.37% as compared to that of structures (a) & (b) which
have IQE of 35.49% and 41.05% respectively. Thus we achieve
an increase of IQE by ~8% from the reference structure (a) to
the finally engineered structure (c).

IV. CONCLUSION

With grading of barriers and wells in the active region,
significantly improved IQE is achieved compared to only
grading in quantum wells. Thus, structure (c) has improved the
optoelectronic performance of AlGaN-based UV LED by
improving e-h overlap and hence radiative recombination rate
in the active region than the structures (a) & (b). The proposed
structure (c) may be used for growth of UV-C LED to realize
the improved IQE.
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