Advantage of Step-graded EBL to Improve the IQE of
deep ultraviolet LED
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Abstract— In this paper, the effect of different kinds of compositional grading
of electron blocking layer (EBL) on the internal quantum cfficiency (IQE) of
deep ultra violet (DUV) light emitting diode (LED) has been analyzed. It has
been observed that the step graded EBL exhibits maximum IQE as compare to
standard, linearly compositional graded EBL structure.
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1 Introduction

Presently researchers, working on solid state lighting focusses to produce highly
efficient DUV LEDs due to their wider applications which includes sterilization.
water purification, medicine, biochemistry and high density optical recording etc. The
tunable band gap of AlGaN makes it most suitable candidate for DUV emission.
However, the efficiency of LED in DUV region is limited due to higher threading
dislocation density, lower achievable p-type concentration [1].

2 Aim of the study

Step graded Al composition in EBL for blue and near UV LEDs have been reported
by Liu ef al. and Park er al. in AlGaN/ InGaN system [2][3]. however, step grading in
AlGaN/ AlGaN based DUV LED have not been studied or fabricated yet. An ad-
vanced device simulation has been demonstrated that Step graded EBL exhibits max-
imum IQE as compare to standard. linearly compositional graded EBL structure.

3 Methods

Three LED structures have been designed and analyzed using SiILENSE 5.8 mod-
ule of SimuLED software tool (STR group Russia) [4]. Structure N is based on the
LED fabricated by Hirayama et al. [5]. As shown in Fig.1. in N. EBL is Comprised of
AIN. In M1, the Al content in EBL linearly decreased towards p-side keeping the rest
same as N, in M2, the EBL has been divided into three sub-layer of equal thickness



with decreasing Al content towards p-side. The operating temperature is 300 K.
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Fig. 1. Schematic of LED structures.

4 Results

The IQE characteristic as a function of current density for three structures have
been shown in Fig 2. It is evident that the IQE of device structure N is 4% smaller
than M1 and 14% smaller than that of M2.
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Fig. 2. 1QE plots of structure N. M/ and M2




Fig. 3a, 3b. and 3c¢. Exhibit the electron, hole concentration and radiative recombi-
nation rate at 170 A/cm” for the simulations. A2 has maximum carrier concentration
in active region, resulting in maximum radiative recombination rate compared to N &
MI.
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Fig. 3. (a) Electron concentration (b) hole concentration (c) radiative recombination of differ-
ent structures at current density of 170A/cm?

From Fig. 4. it is clear that M2 has minimum leak

because of higher hole confinement leading to low

age of electrons in p side this is
p side.

er electron leakage of M2 along the
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Fig. 4. Electron current density of simulated structures at current density of 170A/cm’

Conclusion:

The results indicate that the step-graded AlGaN EBLs has improved the clficiency of
the DUV LEDs.
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