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S1. Planar ITO film

 

Figure S1. SEM image of planar ITO film deposited under the same process conditions as 

CITO film.

S2. The extraction of Drude parameters.

The transmittance spectra of ITO and CITO films are measured for extracting the Drude 

parameters (Figure S2). The characteristic valleys in the transmittance spectra can be used to 

determine the Drude parameters [1]. In theNIR region, the permittivity of TCOs is described 

by the Drude model:
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where ɛ∞ is the high-frequency permittivity, ω is the optical angular frequency, ωp is the plasma 

frequency, and γ is the damping factor.

The transmittance spectra of ITO and CITO films were obtained at an incident angle of 

30° and 0°, respectively. The Drude model and the transfer matrix method are packed as a 

function to curve-fit the measured transmittance spectra to obtain the Drude parameters.

For planar ITO film, the theoretical transmittance spectrum can be obtained by Drude 

model and transmission matrix method, the detailed models and methods can be found in 

reference [1]. The transmittance of ITO film can be obtained [1]:
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where m = 0, 1 ,2 indicates the layer number; nm and θm are the complex refractive index and 

the propagation angle of light in the medium, respectively.

Based on this, the Drude parameters (plasma frequency ωp and damping factor γ) of the 

planar ITO film were finally obtained by fitting the experimental spectral curve with fmincon 

function.

For CITO film, the theoretical transmittance spectrum is obtained by Drude model and 

finite-difference time-domain method because the analytical expression of the transmittance of 

CITO film cannot be obtained under the condition of subwavelength structure. In order to 

extract Drude parameters of CITO films, ωp and γ were sampled by interpolation, and, so as to 

obtain the best fitting parameters. Fig. S2(a) and S2(b) show the experimental and theoretical 

transmittance of ITO and CITO films, which are in good agreement with each other. Table S1 

shows the fitting Drude parameters of ITO and CITO films. 

Figure S2. (a) Transmittance spectra of ITO at TM polarization with incident angle of 30°, (b) 

Transmittance spectra of CITO film at normal incidence, (c) Real part (solid line) and imaginary 

part (dashed line) of the extracted permittivity for the flat ITO and structural CITO films.

Table S1 Fitting parameters of the Drude model for the ITO and CITO films.
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Samples ε∞ ωp (rad/s) γ (rad/s)
ITO 3.8055 2.96×1015 2.13×1014

CITO 3.8055 2.78×1015 2.95×1014

According to the Drude parameters and Drude model, the permittivity ε of ITO and CITO 

films can be obtained, as shown in Fig S2(c). It should be pointed out that the high frequency 

permittivity ε∞ of ITO and CITO films used in the Drude parameter fitting process are reported 

in the past. [2] The ENZ wavelength λENZ is obtained by solving ɛRe = 0 [1]:

                                                     (4)
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S3. Z-scan experimental

In the Z-scan experiments, the repetition rate was 1 kHz in this work, which is not enough to 

produce the thermal lens effect according to the related research [3-5]. The incident laser was 

divided into two beams through a beam splitter. One beam was irradiated on the CITO and ITO 

samples after passing through a focusing lens, and the other beam was used as a reference light 

under the same conditions. The sample was placed on a mobile platform that moved along z 

direction and controlled by a computer. The final experimental data were collected by two 

power meters (Ophir). 

For 1700 nm, the calculated LSPR field enhancement is shown in Figure S3.

Figure S3. Calculated LSPR field enhancement of CITO at 1700 nm.

The saturable absorption response of the CITO film in the TM and TE polarization states 

with incident angles in the range of 0–60° are shown in Figure S4.
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Figure S4. Z-scan curves of CITO film at TM and TE polarization states with incident angles 

of (a) 0°; (b) 10°; (c) 20°; (d) 30°; (e) 50°; (f) 60°.

S4. Laser damage threshold (LIDT) measurement

The LIDT of CITO were investigated by an 800 nm Ti:sapphire laser system (pulse duration 

150 fs, repetition rate 10 Hz) with an energy of up to 6 mJ. Figure S5 shows the schematic of 

the experimental setup for laser damage and laser conditioning. The energy attenuator was 

realized by a half-wave plate and polarizer. The beam was focused on the sample through the 

lens with a focal length of 75 cm. The effective area of the laser spot on the sample was 0.087 

mm2. The Rayleigh length was up to ~5 cm. The surface damage of the CITO sample was 

diagnosed in real-time with a CCD placed orthogonally in the direction of laser propagation.

Figure S5. Schematic of laser damage experimental.
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