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We have carried out the positive bias stress study of IGZO before and after annealing 

at 400 oC under ambient conditions (relative humidity ~90% in Shenzhen, China), as 

shown in Figure S3. The positive threshold voltage could be attributed to the electron 

trapping at the semiconductor channel or channel/dielectric interface. Besides, since the 

device is unpassivated and tested in ambient conditions with high humidity, which 

could also cause the device instabilities. Further optimization of the IGZO TFTs, 

especially with the introduction of passivation layer will improve the device stability. 

However, the 400 oC-annealed IGZO TFTs indeed showed much better performance 

and stability compared with the as-deposited counterpart.   
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Table S1.  Cation fraction of IGZO thin films under various annealing temperatures 
by EDS.

Annealing 

temperature (oC)
In (at%) Ga (at%) Zn (at%) In:Ga:Zn (at%)

As-deposited 12 6.84 35.55 0.34:0.19:1

200 13.07 6.94 35.8 0.37:0.19:1

300 11.64 6.81 34.6 0.34:0.20:1

40 13.31 6.60 37.24 0.36:0.18:1

500 12.84 6.96 36.06 0.36:0.19:1

600 13.35 6.32 36.39 0.37:0.17:1



Figure S1.  XRD patterns of IGZO thin films deposited with different with different 
oxygen partial pressures.



Figure S2.  XRD patterns of ZnO thin films under different annealing temperatures 
fabricated using similar deposition conditions as that of IGZO films.



Figure S3.  XRD patterns of IGZO thin films under different deposition powers and 
pressures. 



Figure S4.  AFM images of IGZO thin films with different oxygen partial pressures 
of (a) 0 (rms: 0.45 nm), (b) 6 mPa (rms: 0.42 nm), (c) 12 mPa (rms: 0.37 nm), (d) 18 
mPa (rms: 0.20 nm) and (e) 40 mPa (rms: 0.24 nm). 



Figure S5.  AFM images of IGZO thin films with different annealing temperatures of 
(a) non-annealed (rms: 0.37 nm), (b) 200 oC (rms: 0.32 nm), (c) 300 oC (rms: 0.25 nm), 
(d) 400 oC (rms: 0.28 nm), (e) 500 oC (rms: 0.37 nm) and (f) 600 oC (rms: 0.28 nm).



Figure S6.  Transfer characteristics of (a) as-deposited and (b) 400 oC-annealed IGZO 
TFTs under a positive gate bias of 20 V. (c) Summary of threshold voltage shift of the 
two devices.


