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Figure S1. XP spectra of Sn 3ds, for the SnO films with different La loadings (a) before PDA, (b) after
PDA at 250 °C, and (c) after PDA at 300 °C. (d) XP spectra of Sn 3ds,, for the SnO films with different
oxygen pressure on 1.9 at% loadings after PDA at 250 °C.
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Figure S2. XP spectra of (a) Sn 3d and (b) Sn 4d for the La-free SnO films post-annealed at 250 °C for
1 hr.
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Figure S3. Electrical properties of 250 °C annealed SnO films with different La loadings from Hall
effect measurement. Black line (left y-axis) is Hall mobility, and red line (right y-axis) is a free hole

carrier concentration measured from Hall measurement.
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Figure S4. (a) XPS survey spectra, XP spectra of (b) La 3d, (¢) Sn 3d, and (d) O 1s for the SnO films

annealed in 300 °C with different La loadings. Chemical compositions including Sn°, Sn?*, and Sn*" of

SnO films with different La loadings, which were de-convoluted from XP spectra of (e) Sn 3d and (f)
O Is.
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Figure S5. (a) XPS survey spectra, XP spectra of (b) La 3d, (¢) Sn 3d, and (d) O 1s for the SnO films
annealed at 250 °C with different oxygen pressure on 1.9 at% loadings. Chemical compositions

including Sn®, Sn?*, and Sn** of SnO films with different oxygen pressure on 1.9 at% La loadings, which

were de-convoluted from XP spectra of (¢) Sn 3d and (f) O 1s.
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Figure S6. Transfer characteristics of the SnO TFTs with different La loadings of (a) 0 at% and (b) 1.9
at% after the PDA at 250 °C for 1 hr under the forming gas atmosphere. The corresponding output
characteristics of the SnO TFTs with different La loadings of (¢) 0 at% and (d) 1.9 at%.
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Figure S7. Transfer characteristics of the 1.9 at% La-loaded SnO TFTs annealed in 250 °C with
different oxygen partial pressures of (a) 3.23 %, (b) 3.85 at%, and (c) 4.46 at%. The corresponding
output characteristics of the 1.9 at% La-loaded SnO TFTs with oxygen partial pressures of (d) 3.23 %,
(e) 3.85 %, and (f) 4.46 %.
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Figure S8. Transfer characteristics of the SnO TFTs annealed at 300 °C with different La loadings of
(a) 0 at%, (b) 0.8 at%, and (¢) 1.9 at%. (d) The output characteristics of the SnO TFTs with 1.9 at% La
loadings
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Figure S9. Comparisons of the trade-off between the saturation mobility and Ionorr ratio for the SnO
TFTs fabricated at the various annealing temperatures. For fair comparison, the SnO TFTs with SiO,
gate dielectric and non-passivated devices were collected. It can be shown that the performances of SnO
TFTs reported in the literatures were deteriorated at the higher annealing temperature (> 300 °C)
compared to those at the lower annealing temperature (< 300 °C). The introduction of La cation into
the SnO channel allowed the resulting transistor to exhibit the higher mobility and Ioy orr ratio due to

the La-induced efficient suppression of Sn**, as shown in Figure 8b.



Table S1. Chemical compositions including Sn’, Sn?*, and Sn** of the La-free SnO films post-annealed

at 250 °C for 1 hr states, which was de-convoluted from XP spectra of Sn 3ds, and Sn 4ds),.

XP Spectra Sn’ (%) Sn?* (%) Sn** (%)
Sn 3d5/2 3.8 70.9
Sn 4ds, 5.7 69.7

Table S2. Chemical compositions including Sn®, Sn?*, and Sn** of as deposited SnO films with different

La loadings, which were de-convoluted from XP spectra of Sn 3d and O 1s.

Sn 3d O1s
La Loading 4+ 2+ 0

in SnO film Sn Sn Sn chem o+Sn"’ 0+Sn”*"
[at%] (486.8 (486.1 (484.6 (531.75 (530.25 (529.55

£ 0.1eV) = 0.1eV) * 0.1eV) eV) eV) eV)

0 5.4 432 51.4 4.1 41.7 54.2

0.8 11.7 46.1 422 4.5 38.8 56.7

1.9 12.5 472 40.3 0.8 41.1 58.1

3.1 13.7 53.0 333 4.4 34.0 61.6

Table S3. Chemical compositions including Sn° Sn?*, and Sn** of SnO films annealed at 250

°C with different La loadings, which were de-convoluted from XP spectra of Sn 3d and O 1s.

Sn 3d O1s
La Loading 4+ 2+ 0

in SnO film Sn Sn Sn chem 0+Sn"" 0+Sn”*"
[at%] (486.4 (485.7 (484.2 (531.75 (530.25 (529.55

+ 0.3eV) * 03eV) + 0.3eV) eV) eV) eV)

0 25.3 70.9 3.8 3.7 27.4 68.9

0.8 23.4 74.2 2.4 3.8 23.1 73.1

1.9 16.9 79.7 3.4 3.9 17.4 78.7

3.1 19.2 65.4 15.4 3.1 33.7 63.2
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Table S4. Hall effect measurements for the SnO films with different La loadings of 0 and 1.9 at%,

which were annealed in forming gas atmosphere in 250 °C.

La Loading majority My NHan

in SnO film [at%] carrier type (cm?/Vs) (cm™d)
0 electron 1.2+0.9 40 (2.7)x 10"
1.9 electron 3.5+3.7 1.7 (£0.9) x 10"

Table S5. Chemical compositions including Sn°, Sn?*, and Sn** of SnO films annealed at 250
°C with different oxygen pressure on 1.9 at% La loadings, which were de-convoluted from XP

spectra of Sn 3d and O 1s.

Sn 3d O1ls

Oxygen

partial Sn4+ Sll2+ Sno Ochem O+Sn4+ O+Sn2+

pres/sure (486.4 (485.7 (484.2 (531.75 (530.25 (529.55
[Ve] + 0.3eV) + 0.3eV) + 0.3eV) + 0.2 eV) + 0.2 eV) + 0.2 eV)
3.23 15.3 81.7 3.0 39 17.4 78.7
3.85 38 90.6 5.6 2.7 4.8 92.5
4.46 59 92.2 1.9 1.1 53 93.6
5.06 5.7 90.5 3.8 1.1 9.2 89.7
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