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1. Near-field at different wavelengths  

 

Figure S1. a-g Near-field amplitude images obtained under illumination with different 

wavelengths. (h) Dependence of decay length on the incident wavelength. 

 

2. Separation of contributions from bulk and surface state to the dielectric 

constant of Bi2Te3 

 

Figure S2. Comparison of experimental data and fitted data. 

  



 The complex dielectric constant can be calculated with 0TI TIiε ε σ ε ω∞= + , where 

ε∞ is the high-frequency dielectric constant, ε0 is the permittivity in vacuum and σTI is 

the effective conductivity of topological insulators. The topologically protected 

surface of Bi2Te3 acts like a metal. Its thickness tsurf is assumed to be 2 nm.
1
 Its 

conductivity could be described by Drude model. On the other hand, the inside part 

acts as an insulator with a thickness tbulk, with conductivity described by Lorentz 

model. In experiment, the measured conductivity contributes from both surface and 

bulk parts. 
1-2

 

1 2TI D Lf fσ σ σ= +  (1) 

with 1 surf totalf t t= and 2 bulk totalf t t= , where ttotal is the total thickness of TI sample. 

The Drude part and Lorentz part can be expressed as 
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where pω and Dγ  are the plasma frequency and damping rate of the Drude 

component, respectively. pLω , 0Lω and Lγ are the plasma frequency, oscillator 

frequency and the scattering rate of the Lorentz component, respectively. ε∞ was set to 

be 1 in our fitting. 

As shown in Figure S2, the dielectric constant of Bi2Te3 was measured from a 

sample with an average thickness of 12 nm. By using the equations above, we can fit 

the experimental data to obtain all the parameters, as shown in Table 1. Then in the 

following simulations, the surface layer is modeled with Drude component with a 

thickness of 2 nm, while the thickness of insulator part varies as that in the 

experiments. In order to finely simulate the surface layer, a thickness of 0.25 nm is 

used along the direction normal to surface.  

 



Table 1. Fitting parameters 

Fitting parameters value 

Total thickness (nm) 12 

Surface thickness (nm) 2 

ωp (Drude part, eV) 4.5 

γp (Durde part, eV) 0.7 

ωpL (Lorentz part, eV) 16.58 

ωoL (Lorentz part, eV) 1.74 

γL (Lorentz part, eV) 3.35 

 

 

 

Figure S3. (a) Seperation of contributions from bulk (Lorentz) and surface (Drude) 

model to the total dielectric constant of Bi2Te3 and sampled data of SiO2 from FDTD 

material database. The light blue area shows the wavelength range in our experiments. 

(b) Zoom-in plot of dielectric contrant at visible wavelength range, labeled by blue 

dashed line in (a). 

 

As shown in Figure S3, the real part of dielectric constant of Drude contribution 

to Bi2Te3 remains negative when the wavelength is larger than 0.28 µm. Such a broad 

band wavelength with negative real part of dielectric constant indicates that the 

topologically protected surface state of Bi2Te3 could support surface plasmon 

resonance covering frequency range from ultraviolet to far infrared wave, which 



shows huge difference from noble metals and even bulk state of Bi2Te3 itself. In 

constast, the real part of dielectric constant of Lorentz contribution is negative for 

wavelength smaller than 0.7 µm, which indicates the support of plasmonic mode at 

visible and ultraviolet range, as reported in our previous work.
3-4

 In visible range, both 

surface and bulk parts could contribute to the excitation of surface plasmon resonance 

under certain conditions. In particlar, both parts could simulatenously support SPR in 

the same environment due to the same real part of dieletric constant at ~ 638 nm. 

However, only the surface layer can support surface plasmon resonance at long 

wavelength range.  

 

3. Discussion on the near-field contrast factor  

The finite-dipole model is well applied to calculate the scattered signal from the 

tip-sample interaction of infrared s-SNOM system. The probing tip is modeled as an 

isolated spheroid which is polarized by both the illuminating field and the Fresnel 

reflection of the resulting near-filed at the sample surface.
5 

The scattered field is 

dependent on the near-field interaction. The s-SNOM amplitude images usually 

provide the material contrast rather than absolute value. Using the finite dipole-model, 

the near-field contrast factor η  can be defined as an illumination-independent 

measure of the s-SNOM signal, 
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with the electrostatic reflection factor                                                         
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where sε is the dielectric function of the detected sample, R is the radius of the 

spheroid on the top of the probing tip, L is the half-axial length along the major axis 



of the spheroid, H is the distance between the spheroid apex and the sample surface, g 

the ratio of the effective point charge and the totally induced charge on a grounded 

spheroid, which is roughly a constant for tip-sample distance larger than R/2. It is thus 

clear that the contrast factor is mainly dependent on the materials properties when 

measurement is performed with a given s-SNOM system. Eq. (4) can be reformed as  

1 A
B

η β
= − , (6) 

where A and B are determined by geometry parameters and g.  

 As shown in Figure S3, real part of total dielectric constant increases for larger 

wavelength, which leads to larger b, according to Eq. (5). As shown in Figure S3, the 

variation in the calculated dielectric constant is almost negligible at the wavelength of 

interest, which well explains the constant signal ratio at areas A and B in Figure 2.  
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