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1. Experimental extraction of optical constant of ITO slabs

Samples under investigation were commercially available ITO films. We have used three different ITO slabs, shown in the Figure S1, deposited on float glass substrate with thickness of 1.1.mm:

	Samples

	Sheet resistance (/cm2)
	Thickness + roughness (nm)
	Mean square error of Psi & Delta fitting  (MSE)
	Oscillator model

	
          1. ITO
	10
	180+5 nm
	4.76
	Drude-Lorentz+Tauc-Lorentz

	          2. ITO
	100
	 20+3 nm
	1.04
	Drude-Lorentz

	
          3. ITO
	500
	12+6nm
	0.80
	Drude-Lorentz+Tauc-Lorentz



Each ITO slab was characterized via spectroscopic ellipsometry to retrieve optical constants. Ellipsometric data were taken via using a Sentech SE 850 ellipsometer for angles from 60° to 70° by step increments of 5°. Fitting was performed with the SpectraRay/4 software. Here below, in the Figure S2, we report the refractive index, extinction coefficient and the complex dielectric permittivity retrieved via Drude oscillator model [1] for different ITO samples resistance of 10, 100 and 500 /cm2, respectively. Refractive indices and extinction coefficients were used to perform further simulations employing the Effective Medium Theory (EMT) over the designed HMM. [image: A picture containing table, furniture, operating table, bed
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Figure S1: Sketch of the investigated ITO slabs, from the left to the right: ITO 500, 100, 10  /cm2.
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Figure S2: Refractive index (n), extinction coefficient (k) and real and imaginary parts of the ITO permittivity with sheet resistance equal to 10, 100, 500 /cm2, respectively.

2. Model to tune the dielectric permittivity of ITO

We assessed the agreement between the complex permittivity, obtained from ellipsometric measurements, with a standard Drude analytical model to ensure the reliability of tunning/modulation of the effective dielectric permittivity of the HMM. In the Figure S3 is reported the simulated (circle curve) and experimental permittivity (solid curve) for three different ITO slabs. Accordingly, the results indicate agreement between raw experimental data and the analytical Drude fit for the real and imaginary part of the dielectric permittivity, respectively.  In particular, the fit is in full agreement at the epsilon-near-zero regime respectively for each considered ITO slab.
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Figure S3: Relation between experimental and modelled ITO permittivity respectively for: ITO 10 /cm2, 100 /cm2 and 500 /cm2.


Here, in the table below, a summary of pivotal material parameters: 

Table S1.
	Samples

	Zero permittivity condition Re()=0 [m]
	Damping constant  [radHz]
	High frequency permittivity 
	N carrier concentration [cm-3]
	Plasma frequency [Hz]
	Carrier mobility [cm2/Vs]

	ITO 10 /cm2
	1.29317 m
	 1.41014
	3.9
	9.11020
	1.451015
	35.89

	ITO 100 /cm2
	1.37067 m
	 1.81014
	3.9
	8.11020
	1.371015
	27.92

	ITO 500 /cm2
	1.92967 m
	 2.41014
	3.9
	3.51020
	0.901015
	20.94











3. Active modulation of ITO permittivity 

The ITO permittivity can be tuned and described in the Vis-near IR range via using the Drude model2-10:



where  is the plasma frequency,   is the effective mass and  is the electron rest mass. Here  is the dielectric permittivity of vacuum,  is the electron charge. The following parameters were used to tune the permittivity of the ITO for different N carrier concentration which is the high-frequency dielectric permittivity, and , which is the damping constant (electron scattering frequency), all in agreement with the experimental data reported in Table 1. Since we consider a sub-wavelength unit cell composed by ITO 20 nm and SiO2 20 nm respectively in the stack structure, the effective response of the HMM can be analyzed by the EMT11 which is widely used method to generalize the effective medium approximation excluding potential occurring diamagnetic effects12. 

Two important factors are worth to mention:
1. Experimentally the ITO can be heavily doped by RF magnetron sputtering, at which the carrier concentration can be controlled by changing the ratio of the Ar and O2 flow rates, with the possibility to achieve a two-fold optical magnitudes orders more via gating.
2. The dielectric counterpart has to be carefully chosen to ensure the presence of high-k dielectric quality that sustain eventually high carrier concentrations in the ITO layers2.


































4. Canalization regime at ENZP for different N number of the carrier concentration 

We report, in Figures S4 and S5, the distribution plots of the electric, magnetic and power for intermediate N number of the carrier concentration from 5.8*1020/cm3 to 9.1*1020/cm3 (jumping one concentration) respectively for dipole placed perpendicular and parallel in the bottom layer of the HMM. 
[image: ]











































Figure S4:  (a-d) Electric, (e-h) magnetic and power (i-l) near-field distributions (on a logarithmic scale) of perpendicular dipole source, placed in the bottom layer of  the HMM,  funneling the polaritons at ENZP regime for a 21-layer stack of HMM consisting of 20 nm ITO – 20 nm SiO2, for modulated ITO carrier concentration: 5.8*1020/cm3, 7.0*1020/cm3, 8.1*1020/cm3, 9.1*1020/cm3, respectively.
As can be seen, the electromagnetic field, injected into the HMM via the dipole at the specific ENZP wavelength, gets higher collimated in the whole HMM as the N carrier concentration increases (Figure S4).  Furthermore, the double branch VPPs at ENZP gets narrower as the carrier concentration increases (Figure S5).  
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Figure S5:  (a-d) Electric, (e-h) magnetic and power (i-l) near-field distributions (on a logarithmic scale) of parallel dipole source, placed in the bottom layer of the HMM, funneling the polaritons at ENZP regime for a 21-layer stack of HMM consisting of 20 nm ITO – 20 nm SiO2, for modulated ITO carrier concentration: 5.8*1020/cm3, 7.0*1020/cm3, 8.1*1020/cm3, 9.1*1020/cm3, respectively.




5. Phase of the HMM in function of the N number of the  carrier concentration at ENZP regime 

In the Figure S6, presented below, it is possible to observe the change in phase of the E, H, P into the HMM as a function of the N carrier concentration. As the N number of the carrier gets higher a better phase-match interplay between the HMM and the incoming dipole frequency oscillations is observed. Thus, a better collimation of light, within the structure, takes place due to the nearly in-phase interaction between the dipole and the HMM.
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Figure S6:  (a-d)(e-h) Electric filed phase response on the x and y axis, (i-l) Magnetic filed phase response on z axis and (m-p) power field phase response on y axis (in radiant units, respectively)  for a dipole placed in the bottom layer of the  HMM, funneling polaritons- at ENZP regime, for modulated ITO carrier concentration: 5.8*1020/cm3, 7.0*1020/cm3, 8.1*1020/cm3, 9.1*1020/cm3, respectively.




6. HMM as a tunable superlens resolution data


Table S2. Hyperlens HMM at  -near-zero and pole wavelengths: max resolution and Abbe  limit
 
	ENZP working  [nm]

	Max resolution for confocal microscope (/1.53)
 
	Abbe limit (/2.8) 

	= 2739
	1790 nm 
	978 nm

	= 2067
	1350 nm
	738 nm

	= 1865
	1218 nm 
	666 nm

	= 1724
	 1724 nm 
	615 nm

	= 1569
	1025 nm
	560 nm




Table S3. Hyperlens HMM at  -near-zero and pole wavelengths:  electric (E) & magnetic (H) counterpart for perpendicular dipole orientation  

	ENZP working  [nm]

	(E) subwavelength collimation focal spot 
[nm]
	(H) subwavelength collimation focal spot [nm]

	= 2739
	560
	940

	= 2067
	520
	820

	= 1865
	440
	520

	= 1724
	360
	320

	= 1569
	260
	280




Table S4. Hyperlens HMM at  -near-zero and pole wavelengths:  electric (E) & magnetic (H) counterpart for parallel dipole orientation  

	ENZP working  [nm]

	(E) Sub-diffraction limited object peak-to-peak distance [nm]
	(H) Sub-diffraction limited object peak-to-peak distance [nm]

	= 2739
	460
	920

	= 2067
	320
	580

	= 1865
	260
	440

	= 1724
	198
	320

	= 1569
	178
	260
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