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Figure S1 EDS spectra and the corresponding metallic composition of the obtained 

NWs after the (a) first growth run and (b) second growth run using the same precursor 

source. 

 

 

 

Figure S2 XRD spectra of the NW samples: : ZnO ; : Si substrate. 
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Figure S3 (a) XRD Rietveld refined pattern for In and Ga co-doped ZnO NWs. (b) 
XRD Rietveld refined pattern for pristine ZnO NWs. (c) Lattice constants and (d) 
crystallite size and strain for In and Ga co-doped ZnO and pristine ZnO NWs. 

 

 

 

Figure S4 (a) Raman spectra of In and Ga co-doped ZnO and pristine ZnO NWs. (b) 
Strain estimated from the corresponding A1(TO) Raman mode presented in the panel a. 
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Figure S5 EDS spectra and the corresponding metallic composition of (a) In and Ga 
co-doped ZnO NWs and (b) pristine ZnO NWs.  

 

 

 

Figure S6 The concentration variation of In and Ga in the co-doped ZnO NWs based 

on the data extracted from more than 20 NW samples.  
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Figure S7 Histogram for the diameter distribution with Gaussian fitting performed.  

 

 

 

Figure S8 Growth orientation statistics for In, Ga co-doped ZnO NWs. 
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Figure S9 Electrical characterization of single NW based FETs measured in ambient 

condition. (a) Transfer and (b) output characteristics of the In and Ga co-doped ZnO 

NW device. (c) Transfer and (d) output characteristics of the pristine ZnO NW device 

All the source-drain bias voltage (VDS) is fixed at 1 V. The scan rate is 500 mV s-1. 
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Figure S10 Electrical characterization of single NW based FETs with surface-

passivation (30-nm-thick Al2O3) measured in ambient condition. (a) Transfer and (b) 

output characteristics of the In and Ga co-doped ZnO NW device. (c) Transfer and (d) 

output characteristics of the pristine ZnO NW device All the source-drain bias voltage 

(VDS) is fixed at 1 V. The scan rate is 500 mV s-1. 
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Figure S11 High-resolution XPS spectra of the (a) Zn 2p scan of both In and Ga co-

doped ZnO and pristine ZnO NWs, (b) In 3d scan and (c) (d) Ga 2p scan of In and Ga 

co-doped ZnO NWs. 

 

 



S‐9 
 

 

Figure S12 PL spectra of both In and Ga co-doped ZnO and pristine ZnO NWs. Inset 

shows the enlarged region with the range of 360 to 420 nm. 

 

 



S‐10 
 

 

Figure S13 Deconvoluted PL spectra of (a) the pristine ZnO NWs and (b) the In and 
Ga co-doped ZnO NWs. (c) Variation in the peak intensity ratio of NBE/DLE and  
variation of green emission peak for pristine ZnO and In and Ga co-doped ZnO NW 

samples. 
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Figure S14 EQE as a function of illumination intensity for the typical In and Ga co-
doped ZnO NW photodetector. 

 

 

 

Figure S15 Photoresponse and corresponding fitting curves of In and Ga co-doped ZnO 
NW photodetectors under different light intensity of (a) 0.11 mW/cm2 (b) 0.16 mW/cm2 

(c) 0.24 mW/cm2 and (d) 0.65 mW/cm2. 
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Figure S16 Current versus voltage (I-V) curve of the pristine ZnO NW photodetector 

measured in the dark and under different power intensity of 261 nm light illumination. 

Inset shows the device schematic. (b) The dependence of photocurrent and responsivity 

as a function of the light intensity. (c) Current versus time (I-t) and (d) high-resolution 

I-t curves measured under a light intensity of 0.63 mW cm-2. Vg = -30 V for all panels 

while the applied bias is set as 1 V for panels b to d. The scan rate is 500 mV s-1 for 

panels a and b, whereas the data collection rate is every 30 ms for panels c and d.  
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Figure S17 (a) Photocurrent versus light intensity and (b) responsivity versus light 

intensity of the NW photodetectors. (c) On/off ratio and (d) response time of the NW 

photodetectors. The bias is 1 V and Vg= -30 V. (Z1: pristine ZnO; Z2: In and Ga co-

doped ZnO. 

 

 

Figure S18 (a) Current versus time and (b) high-resolution current versus time curves 

of the In and Ga co-doped ZnO NW parallel array photodetector under a light intensity 

of 0.65 mW/cm2 of 261 nm irradiation. The bias is 1 V and Vg= -30 V.  

 


