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Abstract: Light sources with wavelengths in the green region are very important for a wide gamut of
applications, including solid-state lighting, visible light communications, agriculture, optogenet-
ics, and so on. Compared to blue light-emitting diodes(LEDs) , the fabrication of high-performance
low-dimensional green LED has long been limited by “Green gap” and “Efficiency droop”. In this
work, a kind of green LED composed of p-type InGaN layers and a single Ga doped ZnO microwire
(ZnO:Ga MW ) was designed. The experiment results indicated that this LED device had a central
wavelength located at 540 nm and a linewidth of about 32 nm. Most important of all, increasing the
operating current at high level, no noticeable variations in the electroluminescence characteristics
and relative external quantum efficiency (REQE) could be observed. Additionally, a cladding of Au
nanofilm was introduced on the surface of microwire to optimize the interface quality of n-ZnO: Ga
MW/p-InGaN heterojunction, resulting in the better uniform contact between ZnO: Ga and InGaN,
and the higher output intensity. This work demonstrates that such heterojunction composed of n-

Zn0: Ga and p-InGaN is a promising candidate for fabricating a new generation of high-brightness
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microscale green LEDs.

Key words: green LED; Au nano-film; Ga doped ZnO microwire; InGaN; relative external quantum efficiency(REQE)
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Fig. 1 (a) Optical photograph of the synthesized ZnO: Ga MW. (b) SEM image of an individual ZnO: Ga MW, illustrating

straight and smooth sidewall facets. (¢) XRD pattern for the synthesized ZnO: Ga MWs. (d)EDS elemental mapping of a

Zn0, illustrating its uniform composition of Zn, O and Ga species.
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Fig. 2 (a)PL spectrum of a ZnO:Ga MW. (b)I-V character-

PL intensity/a. u.

istic curve of an individual ZnO:Ga MW.
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Fig. 3 (a)I-V curve of the fabricated n-ZnO: Ga MW/p-InGaN heterojunction, the upside inset shows the schematic diagram of

the device, and the downside inset is the digital picture of the luminous device at an input current of 1.9 mA. (b) EL

spectra of the heterojunction device measured by varying current in the range of 0.15-2.0 mA, the inset is variation cure

of the integrated EL intensity and FWHM wversus injection current. (¢) Variation of the REQE as a function of injection

current. (d)Time-dependent EL intensity of the device measured at the input current of 1.8 mA.
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Fig. 4 (a)Comparison of normalized PL emission of p-InGaN template and EL of the fabricated heterojunction LED. (h)The en-

ergy band diagram of the n-Zn0:Ga MW/p-InGaN heterojunction under forward bias.
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Fig. 5 (a)SEM image of an individual Au@ZnO: Ga MW, the inset image shows an enlarged view of the facets with Au nano-
film. (h) PL spectra of ZnO: Ga MW and Au@ZnO: Ga MW. The inset is the defect emission before and after Au decora-
tion. (¢)I-V characteristic curves of the individual ZnO: Ga MW and Au@ZnO: Ga MW. (d) Electrical characterization
via I-V curve of the fabricated n-Au@Zn0O: Ga MW/p-InGaN heterojunction. The inset shows schematic architecture of
the n-Au@Zn0: Ga MW/p-InGaN heterojunction LED.
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Fig. 6 (a)Digital pictures of single ZnO:Ga MW and Au@ZnO: Ga MW at the same input current of 1.6 mA. (b)EL spectra of
n-Zn0: Ga MW/p-InGaN heterojunction device measured by varying current in the range of 0.2-1.7 mA. (¢) Variation of
the integrated EL intensity versus injection current for n-ZnO: Ga MW/p-InGaN heterojunction and n-Au@ZnO: Ga MW/

p-InGaN heterojunction.
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