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The positive bias temperature stress (PBTS) reliability was measured for the homo- and hetero- 
IGZO TFTs. For the PBTS measurement, a constant VGS of +20 V was applied with the ground for S/D 
electrodes for 10,000 sec. at 60 °C. Figure S1 shows changes of transfer characteristics of the (a) homo-
IGZO-111, (b) homo-IGZO-high-In, and (c) hetero-IGZO (high-In/111 = 10/10 nm) TFTs as function 
of PBTS time. From the PBTS results, huge ΔVth of +7.0 V was observed from the IGZO-high-In TFT 
after the PBTS of 10 ks, whereas that of the IGZO-111 TFT was +1.0 V. The Vth of both the homo-IGZO 
TFTs parallel shifted without degradation of subthreshold swing under the PBTS measurement. 
Generally, the parallel Vth shift under PBTS can be explained by a simple charge trapping model 
caused by interface trap defects [1]. There are some plausible causes for an increase of interface trap 
defects in the IGZO-high-In TFT. Since the oxygen flow ratio during deposition of the IGZO-high-In 
layer was substantially higher than that of the IGZO-111 channel for controlling of Vth, oxygen ion 
bombardments would be increased [2,3]. Moreover, a reduction of Ga content in the IGZO channel 
is also possible cause for the large ΔVth of the IGZO-high-In TFT under the PBTS, because it may 
induce creation of oxygen vacancies in the IGZO channel, which act as interface trap defects [4,5]. In 
case of the hetero-IGZO TFT with the high-In/111 = 10/10 nm, transfer characteristics parallel shifted 
without degradation of subthreshold swing under the PBTS measurement. ΔVth of the hetero-IGZO 
TFT with the 10/10 nm was +1.2 V after the PBTS of 10,000 s. In addition, ΔVth of the hetero-IGZO 
TFTs with the 2.5/10 and 5.0/10 nm were +1.3 and +1.2, respectively, whose values are almost the 
same as that with the 10/10 nm. 

Figure S1d shows the relationship between μFE and ΔVth (PBTS at 60 °C for 10 ks) of the homo- 
and hetero-IGZO TFTs. The ΔVth of the homo-IGZO-high-In TFT was +7.0 V, whereas that of the 
hetero-IGZO TFTs were improved to be approximately +1.2 V regardless of the upper channel layer 
thickness. Thus, the hetero-IGZO TFTs exhibited high μFE with an improved PBTS reliability by 
depositing the IGZO-high-In layer on the IGZO-111 channel. Influence of the bottom IGZO-111 layer 
on the PBTS reliability of the hetero-IGZO TFT was reported on the previous paper [6]. 

 

Figure S1. Changes of transfer characteristics of the (a) homo-IGZO-111, (b) homo-IGZO-high-In, and 
(c) hetero-IGZO TFTs as a function of PBTS time. The thickness of heterojunction channel is IGZO-
high-In/IGZO-111 = 10/10 nm. (d) Relationship between μFE and ΔVth after the PBTS of 10,000 s of the 
homo- and hetero-IGZO TFTs. The stress temperature was 60 °C and stress gate bias was +20 V, 
respectively. 
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Figure S2 shows measurement Hall mobilities (experimental results, μHall) and mobility model 
used in the Atlas (simulation, μd) for the IGZO-111 and –high-In films as a function of ne. Hall 
mobilities were measured by Van der pauw method at room temperature. The calculated mobilities 
were extracted by Equations (3) and (4) used as simulation parameters as listed in Table 2 in the 
manuscript. From Figure S2, it was considered that mobility model used in the simulation can be well 
fitted experimental values of μHall for both the IGZO-111 and –high-In films. 

 

Figure S2. ne dependences of measured Hall mobilities (circles) and calculated mobilities (lines) of the 
IGZO-111 and –high-In films. 
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