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Fig. S1 XRD spectrums of as-deposited ZnTiSnO films prepared in parallel at 4.5 Pa
and 4.4 Pa. The black and red curves are sampled to different regions of the 4.5 Pa film,

while the blue represents the curve of the 4.4 Pa sample as a control.



()

ETETN

B1.9K-
T2.8K-

63.7K-

455K

36.4K-

27.3K:

-]

18.2K-

Sn
9.1K:

T Zn sn ToT zn
00K, e -

0.0 13 26 39 52 65 78 a1 10.4 17 120

Status: Idle CPS:5531 DT:43 Lsec: 1633 77 Cnts. 10.780 keV Det: Octane Plus A

(b)

108K-
Tie%

96K-

B4K-

72K

6OK-
1.9%
48K-
2.5%

36K 13%

24K~

12K-
Zn Sn Ti Ti

l o4 2

K-, = = —— = : : > = =
0.00 0.67 134 20 268 335 402 4,69 536 6.03

Status: Idle CP5:25281 DT:19.2 Lsec: 163.3  64.733K Cnts 1.710 keV Det: Octane Plus A

(c)

6B.6K-

58.8K-

49,0K-

10.2%

39.2K-

204K 11.5%

19.6K:

Sn
98K

Ti 2n J sn LR zn
00K, e - =

0.0 13 26 39 52 6.5 7.8 01 104 17 130

Status: dle CP5: 6153  DT:44 Lsec: 163.3 236 Cnts 4.100 keV Det: Octane Plus A

(d)

99K1

BBKY

7KL

66K,

55K1

44K

33K1

2k ©

sn
11K:
Ti Zn sn Ti OTi Zn

0K
0.0 13 26 39 5.2 6.5 7.8 91 104 mn7s 13.0

Status: Idle CP5:6234  DT:45 Lsec: 163.3 O Cnts 0.000 keV Det: Octane Plus A

Fig. S2 Element ratios on the surface of amorphous ZnTiSnO thin films prepared at

different oxygen pressures: (a) 4.5 Pa; (b) 4.4 Pa; (c) 1.8 Pa; (d) O Pa.
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Fig. S3 O 1s XPS image of Amorphous ZnTiSnO thin films. Oxygen pressure: (a) 4.5

Pa; (b) 4.4 Pa; (c) 1.8 Pa; (d) 0 Pa.
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Fig. S4 Extended XPS characterization of amorphous ZnTiSnO thin films. (a) The

variation of Oi, Ou, Om ratio with the oxygen atmosphere during preparation. (b)

Corresponding O 1s peaks.
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Fig. S5 Electron spin resonance spectra of amorphous ZnTiSnO thin films (4.4 Pa)

annealed at different temperatures.
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Fig. S6 Optical transmittance and optical band gap of amorphous ZnTiSnO thin films

prepared at different oxygen pressures: (a), (b) 4.5 Pa; (c), (d) 4.4 Pa; (e), (f) 1.8 Pa; (),

(h) 0 Pa.
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Fig. S7 Valence band spectra, cutoff edge and Fermi edge of amorphous ZnTiSnO thin

films prepared at different oxygen pressures: (a), (b), (c) 4.5 Pa; (d), (e), (f) 4.4 Pa; (g),

(h), (i) 1.8 Pa; (j), (k), (1) O Pa.



