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1. Particle size distribution of ZGAs 

 

Figure S1. The particle size distribution of ZGAs was investigated with the SEM image of fig 1(e) using the image 
J software, which have distributed around ∼1.5 µm. 

  



2. SEM image of ZnO aggregates of irregular structures. 

 

Figure S2. (a and b) The SEM images of ZnO aggregates were observed the irregular particle shape and 
nonuniformly structures. 

  



3. PL lifetime of ZGAs and ZGQDs. 

Table 1. PL lifetime of ZGAs and ZGQDs. Excitation: 350 nm, 2nd harmonic of fs Ti:Sapphire laser. The PL decay 
curves were fitted by a tri-exponential function to calculate the lifetime (τ1, τ2 and τ3), signal amplitude (A1, A2, A3), 
and average lifetime (τavg) of the samples. χ2 is the reduced chi-squared value. 

 τ1   τ2 τ3 A1 A2 A3 τavg 𝛘𝛘𝐭𝐭𝐭𝐭𝐭𝐭𝟐𝟐  𝛘𝛘𝐛𝐛𝐛𝐛𝟐𝟐  

ZGQDs 0.11 2.36 9.96 0.985 0.011 0.004 2.72 1.94 5.29 

ZGAs 0.11 2.33 10.3 0.804 0.126 0.07 7.37 1.73 2.60 

* Unit: ns 

    If the plot of log versus time is not linear, this appears as a decay with several nearly linear 
segments each of which has a different slope. Therefore, we have fitted the TRPL data to a sum of three 
exponentials. Using tri-exponential fitting: I(t) = A1exp(-t/τ1) + A2exp(-t/τ2) + A3exp(-t/τ3). Also, the 
reliability of TRPL data can be evaluated through the chi-square values differ according to the fitting 
method. To demonstrate a clearer difference, we present the chi-square values of bi-exponential and 
tri-exponential. The chi-square value through tri-exponential fitting is closer to 1 than the bi-
exponential fitting respectively. Therefore, the tri-exponential fitting is appropriate for present TRPL 
data. 

  



4. Current-voltage (I-V) curves for the photodetector with ZGAs and ZGQDs under dark state. 

 

 

Figure S3. I-V curves for the photodetector with ZGAs and ZGQDs under dark state. 


