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1. Single ZnO:Ga MW prepared with small-sized Ag nanoparticles 

decoration (d~100 nm) 

 

Figure S1: SEM images of single ZnO:Ga MW prepared with small-sized Ag nanoparticles 

decoration: (a) The segment of ZnO:Ga MW covered by Ag nanoparticles, which located in the 

incandescent-type lighting region. (b)-(d) Amplified SEM images of the Ag nanoparticles deposited 

on the MW.  

 

A single ZnO:Ga MW was selected to construct fluorescent filament light source. 

When the applied bias exceeded a certain value, bright visible incandescent-type 

lighting was observed, with the emission region located towards the center of the wire. 

Follow upon, Ag quasiparticle nanofilms with the sputtering time 200 s was also 

deposited on the ZnO:Ga MW. Still, bright incandescent-type emission was also 

captured once the applied bias beyond a certain value. Interestingly, physically isolated 
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Ag nanoparticles with average diameters d ∼ 100 nm can be formed through Joule 

heating effect induced annealing procedure. The single ZnO:Ga MW covered by Ag 

nanoparticles (AgNPs@ZnO:Ga) was characterized in Figure S1. 

 

2. EL emission features from single MW based heterojunction diodes 

 
Figure S2: EL emission characteristics from single MW based heterojunction diodes: (a) I-V 

characteristics illustrated rectifying characteristic of single MW based heterostructured light-

emitting devices. (b) EL emission spectra of single ZnO:Ga MW based heterojunction diode, with 

the injection current ranging from 0.4 to 24.5 mA. (c) EL emission spectra of single 

AgNPs@ZnO:Ga MW based heterojunction diode, with the injection current ranging from 0.1 mA 

to 26.0 mA. (d) The dominating emission peaks of the single MW based heterojunction diodes as a 

function of the injection current. (e) Spectral linewidth versus the injection current. (f) Integrated 

EL intensities of EL emissions as a function of the injection current.  

 

The segment of ingle ZnO:Ga MW covered by small-sized Ag nanoparticles was also 

employed to construct heterojunction diodes. By comparison, the incorporating Ag 

nanoparticles can improve the carrier transport properties, as indicated in Fig. S2(a). 

The emitted photons were also collected. Figure S2(b) demonstrated EL emission 

spectra of single bare ZnO:Ga MW based heterojunction diode. At lower injection 

current, the dominating emission peaks centered around 405 nm. While increasing the 
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injection current, the dominated peaks was tuned to be 373.5 nm. By incorporating 

small-sized Ag nanoparticles, the EL emissions were dominated by the peaks centered 

around 375 nm. Unfortunately, another weaker emissions were also recorded in the 

visible band. To illustrate the influence of Ag nanoparticles on the EL emission 

characteristics of the single MW based heterojunction diode, the central emission peaks 

versus the injection current were depicted in Fig. S2(d). Figure S2(e) displayed the 

spectral linewidth as a function of the injection current. It indicated that the 

incorporation of Ag nanoparticles can lead to the narrower of the spectral linewidth of 

the emission diodes. Finally, the integrated emission intensity was calculated as a 

function of the injection current, as shown in Fig. S2(f). In a contrast, all the integrated 

EL emission intensities were considerably enhanced under various injection currents. 

By comparing with large-sized Ag nanoparticles deposition, the modulation of dipole 

plasmons on the EL emission characteristics was limited. 

 

 

Figure S3: EL emission characteristics from the single AgNPs@ZnO:Ga MW based heterojunction 

diode: (a) EL emission spectra of single ZnO:Ga MW based heterojunction diode, with the injection 

current ranging from 1.5 to 12 mA.  (b) EL emission spectra of single ZnO:Ga MW based 

heterojunction diode, with the injection current ranging from 13.0 to 26 mA. (c) The dominating 

emission peaks of the single MW based heterojunction diodes as a function of the injection current. 

 

To gain more insight into the single AgNPs@ZnO:Ga MW based heterojunction 

diode light-emitting behaviors (the sputtering time: 200 s, d~100 nm), the dominating 

emission peaks of the single MW based heterojunction diodes as a function of the 

injection current were depicted in Figure S3. Under low injection current ranging from 

0.1 to 1.5 mA, the dominant emissions centered around 640 nm, accompanied with a 
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relatively weaker emissions centered around 416 nm in the blue spectral band. Further 

to increase the injection current ranging from 1.5 to 12.0 mA, the ultraviolet emission 

increased significantly, and then would be dominated the EL emission spectra. But it is 

unfortunate that the interfacial emission and red emissions cannot be completely 

suppressed. Further to increase the injection currents ranging from 13.0 to 26.0 mA, the 

interfacial emissions was completely suppressed. Nevertheless, the broadband visible 

emission were still recorded.  


