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Algorithm 1 Pseudo-codeofthealgorithm.

Input: objective function f (X), problem bounds (LB,UB), problem dimensionality (D),
population size (P), maximum number of generations (G)
Output: best solution and best objective function value

1: // initialization
2: initialize database = None, i = 0

andomly initialize P solutions within the proble mbound (LB,UB)

evaluate theinitial P solutions

save solutions in database and best objective function value

3:

4:

5:

6: // loop
7: while i < G do
8
9

for each k€ [1, -+, P| do

// find the best and worst solutions in the current population

10: for each j € [1, -+, D] do

11: calculate Xﬁl according to Eq. (1)

12: // saturate X/{' within the problem bounds (LB,UB)
13: if X/{' < LB; then

14: X/t = LB;

15: else Xﬁl > UB;j then

16: X/{' = UB;

17: end if

18: end for

19: end for

20: // find solutions in database

21: if solutions.size > 0 then

22: return f(X;{l)

23: else

24: calculate f(Xf,{l)

25: end if

26: // replace the current solution in case of improvement
27: if f(X73") > f(X]y ) then

28: = Xy

29: end if

30: end while

31: return Xﬁlf(Xﬁl)
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EBL structures.
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Al component of quantum barrier QB _z; (b)thickness of quantum barrier QB _d; (¢) Al component of quantum wells QW _ z;

(d)thickness of quantum well QW _d; (e) In component in quantum well y; (f)the internal quantum efficiency IQE.
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Abstract

AlGaN-based deep-ultraviolet light-emitting diodes (DUV LEDs) are widely used in sterilization, sensing,
water purification, medical treatment, non-line of sight (NLOS) communication and many other fields.
Especially it has been reported that the global novel coronavirus (COVID-19) can be effectively inactivated by
the DUV light with a wavelength below 280 nm (UVC) within a few seconds, which has also attracted great
attention. However, the external quantum efficiency (EQE) of UVC LED is still at a low level, generally not
more than 10%. As an important component of EQE, internal quantum efficiency (IQE) plays a crucial role in
realizing high-performance DUV-LED. In order to improve the IQE of AlGaN-based DUV-LED, this work
adopts an electron blocking layer (EBL) structure based on InAlGaN/AlGaN superlattice. The results show
that the superlattice EBL structure can effectively improve the IQE compared with the traditional single-layer
and double-layer EBL structure for the DUV-LED. On this basis, the optimization method based on JAYA
intelligent algorithm for LED structure design is proposed in this work. Using the proposed design method, the
InAlGaN/AlGaN superlattice EBL structure is further optimized to maximize the LED’s IQE. It is
demonstrated that the optimized superlattice EBL structure is beneficial to not only the suppression of electron
leakage but also the improvement of hole injection, leading to the increase of carrier recombination in the active
region. As a result, the IQE of the DUV-LED at 200 mA injection current is 41.2% higher than that of the
single-layer EBL structure. In addition, the optimized structure reduces IQE at high current from 25% to 4%.
The optimization method based on intelligent algorithm can break through the limitation of the current LED
structure design and provide a new method to improve the efficiency of AlGaN-based DUV-LED.

Keywords: deep ultraviolet light emitting diode, internal quantum efficiency, intelligent optimization

algorithm, electron leakage
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