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Abstract: To overcome the narrow spectral width of conventional AlGaN-based light-emitting diodes, we designed
the active region and fabricated an AlGaN-based broadband LED. We achieved spectral broadening by balancing
quantum well emission and defect-related emission from the p-type AlGaN layer. Experiments show that quantum
wells with Al composition increasing along the c-axis create an effective barrier near the p-side of the active region.
This barrier reduces hole injection into the quantum wells and weakens radiative recombination there. Meanwhile, it
blocks numerous holes in the p-type layer and thus enhances defect emission, which exhibits a much broader spec-
trum. Consequently, the overall emission spectrum widens. An additional quantum well with high Al composition

contributes little to further broadening. It mainly acts as a high barrier that affects carrier injection and distribution
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among the multiple quantum wells (MQWs). The device with Al composition gradually increasing along the c-axis

and a single quantum well at each Al fraction displays the best broadband performance, achieving an electrolumines-

cence full width at half maximum (FWHM) of about 41. 4 nm. This device was also combined with a beam combiner

to demonstrate an ultraviolet light source covering 260 nm to 400 nm. This device effectively extends the spectral

range and reduces system integration complexity. This work lays a solid foundation for compact and spectrally cus-

tomizable advanced ultraviolet light sources and will promote the practical application of broadband ultraviolet sourc-

es.
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Schematic diagram of the epitaxial structure of devices 1, 2, 3, and 4.
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FIG.2 (a) The electroluminescence spectra of Device 1 and Device 2 at 40 mA. (b) The band structure of the active region of

device 1 and device 2. (¢) The electron concentration in the active region of device 1 and device 2. (d) The hole con-

centration in the active region of device 1 and device 2.
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FIG. 4 (a) The electroluminescence spectra of Device 1 and Device 3 at 40 mA. (b) The band structure of the active region of

device 1 and device 3. (¢) The electron concentration in the active region of device 1 and device 3. (d) The hole con-

centration in the active region of device 1 and device 3.
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FIG. 5

(a) The electroluminescence spectra of Device 2 and Device 4 at 40 mA. (b) The band structure of the active region of

device 2 and device 4. (¢) The electron concentration in the active region of device 2 and device 4. (d) The hole con-

centration in the active region of device 2 and device 4. (e) The intensity values of electroluminescence spectra at 280

nm for devices 1, 2, 3, and 4 under different operating currents. (f) Electroluminescence spectra of Device 4 at injec-

tion currents ranging from 10 mA to 100 mA.
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