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Figure S1. I-V characteristic curves of WO, based devices with different Al doping

concentrations in negative voltage direction.

1



(a) (b W 4f| (c 0,=529.77 eV o1 (d)
. Al 2 37.63 eV =329.77 e s "
74.35 eV P o v 5 /Y 35.44 oM O:|=530-97 eV Lattice Oxygen
15 at.% . 4 X 15 at.% __ \I5 at.% Non-Lattice Oxygen
AN Lattice Oxygen ¢ »:
5 12 at.% SPaz LKD) 12 at.% = )
3 LY A [Non-Lattice Ox z
~— Y \ // g
b S, 9at% ]
= A =
g /\4 —
] /X 6at% 2
£ 5
— / M <
_ 3 at.% oz
i 0 2% 0 3 6 9 15

——— 12
74 72 70 44_42 40 38 36 34 32 30 538 536 534 532 530 528 526 Doping Concentrations (at.%)

80 78 76
Binding Energy (eV)  Binding Energy (eV) Binding energy (eV)

Figure S2. XPS spectra of a) Al 2p and b) W 4f and ¢)O 1s core levels of Al: WO,
films. d)The relative content statistics of lattice oxygen and non-lattice oxygen of

AL:WO; films.

Figure S3. C-AFM test results at 1-3 V of the device a) Au/WO,/Ti and b)

AWALWOL(9 at.%)/Ti.



