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1. Penetration depth of incident electron beam with different acceleration voltages 
Scanning electron microscope (SEM) observations were carried out using electron 

beams of different acceleration voltages to confirm the presence of TiO2 nanoparticles 
(NPs) near the surface. The electron beam that penetrates into the material interacts with 
the material, and secondary electrons are emitted from the material by collision. This 
means that we can obtain information on the microstructure around the penetration depth 
of the electron beam. 

Electron trajectories in the material were simulated by Monte-Carlo simulator devel-
oped by us. Figure S1a,b show electron trajectories in the TiO2/PDMS composite films, of 
which acceleration voltages are 3.5 and 9.0 eV, respectively. Obviously, penetration depth 
of electron beam with 3.5 kV is lower than that with 9.0 kV. Figure S1c shows the number 
of collisions between electrons and materials as a function of the depth. For 3.5 kV, the 
maximum number of collisions was approximately 80 nm. This indicates that information 
in the vicinity of the surface can be observed. When the acceleration voltage was 9.0 kV, 
the number of collisions was almost the same within the entire region. This indicates that 
information is observed not only on the surface but also in deep regions. 

 
Figure S1. Monte Carlo simulation of electron trajectories in the TiO2/PDMS composite films. Pene-
tration simulation in a material of 500 electrons entering from the position indicated by the red 
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arrow with the acceleration voltage of (a) 3.5 kV and (b) 9.0 eV. (c) Number of collision vs. depth of 
the composite film. 

2. Band bending at the interface of Al and TiO2 
We calculated the band diagram of Al/TiO2 junction using a solar cell capacitances 

simulator (SCAPS 3.3.10). Material parameters of TiO2 shown as follows below were used 
for the calculation: the band gap of 3.1 eV [1], the electron affinity of 4.0 eV [2], the relative 
permittivity of 80, a conduction band effective density of states of 2.2 × 1018 [3], a valence 
band effective density of states of 1.8 × 1019[3], the electron thermal velocity of 107, the hole 
thermal velocity of 107, the electron mobility of 20 [3], the hole mobility of 10 [3], the shal-
low uniform donor density of 1017, and the shallow uniform acceptor density of 0. The 
electron affinity of Al of 4.06 eV [4] was used. Figure S2 shows the band diagram around 
the interface of TiO2 and Al. At the interface, the conduction band minimum (CBM) and 
valence band maximum (VBM) were bent because of the difference of work functions of 
TiO2 and Al. The quantity of the bending was approximately 0.02 eV. 

  
Figure S2. Band diagram around the interface of TiO2 and Al. 
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