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Tab. S1 Optimal fitting parameters for the FTIR spectroscopies. 

ωTO
(cm-1)

Ωp
(cm-1)

Γ
(cm-1)

ωp
(cm-1)

γ
(cm-1)

ε∞

1563 830 898 2524 110 6.2
1544 860 923 2505 110 6.2

1539 807 907 2438 110 6.2

1540 755 876 2395 110 6.2

1540 751 883 2378 110 6.2

1536 767 898 2385 110 6.2

Fig. S1 Resistance change of the WO3-x film deposited on quartz glass substrate. Inset 
(a) and (b) show the photo images taken after applying current pulse (+/-3 mA for 1 s). 
The device resistance almost changed little. No detectable color change can be 
distingushed between the ON and OFF states. Inset (c) shows the photo image after 
continuously applying +3 mA current for 900 seconds. The device resistance decreased 
to 145 kΩ and the film color became darker than before. However, this color change is 
irreversible when reversing the polarity of the electric field. The color change might be 
caused by the thermal annealling effect of the film. The arrows indicat the polarity of 
the applied electric field. The resistance is measured at 0.1 V after switching of the 
constant current. The device size is 100×150 µm2. 
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Fig. S2 (a) The s-SNOM image. (b) The calculated s-SNOM signal as a function of 
free-carrier concentration. The carrier densities of four typical positions marked in (c) 
are depicted. We calculate the s-SNOM signal as a function of free-carrier 
concentration by using a layered s-SNOM model,[1] and dielectric parameters obtained 
from the FTIR spectra. The calculated signal shows a monotonous dependence (solid 
line in the figure) on the free-carrier concentration.This relation links the recorded s-
SNOM contrast and the local free-carrier concentration in the conductive channels.
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Fig. S3 (a) Topography of the film after keeping applying a constant current of 2 mA 
for 20 seconds. (b) Line-scan of the topography at the position in (a) (green line). A 
considerable bulge (~50 nm height) between the parabolic channel and the anode is 
observed. It should be noted that the bulged region always stopped at the top edge of 
the parabolic channel, further indicating that the bulge corresponds to the pre-formed 
channel. Moreover, two small convex regions on both sides of the bulge region can also 
be seen, which correspond to the other pre-formed channels observed in Fig. 6c. The 
device size is 100×150 µm2.
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Fig. S4 Electric and thermal simulation using COMOSOL MULTIPHYSICS software. 
The AC/DC module has been used to reproduce the electric field and the electric 
potential distribution whereas the Electromagnetic Heat Modules has been coupled to 
include the Joule heating effect. The shape of the conductive channel was reproduced. 
Then, a COMSOL 2D model was used to obtain the simulations. Material properties 
used in the simulation are shown in Table S2. 

Tab. S2 Material properties used in the computer simulation. 

Layer

Thermal 

conductivity (W·m-

1·K-1)

Heat capacity

 (106 J·m-3·K-1)

Density 

(g/cm3)

Relative 

permittivity

WO3-x 1.63[2] 2.28[2] 7.16[3] 6.2

glass 2.46 1.22 2.4 1.7
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