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3D visualization of microwave electric and magnetic fields by using a metasurface-based indicator
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Supplementary video 1. 360-degree rotation around 3D reconstructed field distributions of the in-plane magnetic field, x-component and y-component of electric field for LPF and BPF. 
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[bookmark: _Hlk95147347]Supplementary Information 1
Figure S1 (a) shows the real configuration of the TEOIM visualization system. All measurements were implemented in the dark environment to prevent alternative light noises at room temperature. The microwave heating emerging in the glass substrates is very local related to a field distribution, and variation of the room temperature has no significant effect on the measurement processes, which was ignored during the experiments. Figure S1 (b) shows the experimental adjustment for DUT with an OI, where the distance of the OI and DUT is 0.5 mm, which is the minimal distance where the metallic layer of the OI has a minimal effect on the transmission property of the RF filter. During the stationary MWNF imaging, the particular field distribution is obtained by subtracting two averaged images of the sample with and without applied electromagnetic (EM) waves. Due to the process, any alternative influence of the ambient temperature vanishes. These averaging and smoothing steps help reduce the errors related to the defects of the indicator and possible environmental instability.
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[bookmark: _Hlk77944697]Supplementary figure S1. (a) The photograph of the TEOIM visualization system and (b) experimental adjustment for DUT.



Supplementary Information 2 

The indicator is composed of a patterned ITO film with a thickness of 100 nm. The simulation model consists of two physics interfaces – “Electromagnetic Waves, Frequency Domain” and “Heat Transfer in Solids”. Since the suggested method visualizes the electric field distribution via the heat distribution caused by the resistive or dielectric losses in the thin conductive patterned structure1, the “Heat Transfer in Solids” module combined with the EM field module was used to simulate the thermal effects in the model. Numerical analyses were also conducted to show the electric and magnetic field distributions of the structure under normal incident x- and y-polarized plane waves. The model of the periodic structure is simulated by applying periodic boundary conditions on the model walls.

	Property
	Symbol
	Value

	Thickness
	d
	100 (nm)

	Density
	ρ
	7120 (kg/m3)

	Thermal conductivity
	K
	4 W/(m·K)

	Specific heat capacity
	Cp
	341 J/(kg·K)

	Electrical conductivity
	σ
	1.25×106 (S/m)


Supplementary table 1. Characteristic parameters used in simulations for modeling ITO layer2.
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[bookmark: _Hlk85127793][bookmark: _Hlk85812227]Supplementary figure S2. (a) Polarization direction of incident electromagnetic field and geometry of the metasurface structure. The simulation result of the indicator at 5 GHz for (b) in-plane magnetic field distribution (|Hin-plane|), (c) x-component of electric field distribution (|Ex|), and (d) y-component of electric field distribution (|Ey|). (e) Thermal distribution on the metasurface under microwave radiation. Highlighted structures show the unit cell of the metasurface.


Supplementary Information 3
The
[image: ]
Supplementary figure S3. S-parameters of the (a) LPF and (b) BPF.


Supplementary Information 4
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[bookmark: _Hlk85022097]Supplementary figure S4. (a) Illustration of the BPF under test. Optical image of DUT (b) with and (c) without indicator captured by CCD camera. (d) Illustration of the uniform ITO glass indicator. Patterned ITO glass metasurface for (e) MCMx and (f) MCMy. Visualized result of MWNF distribution using (g) ITO glass, (h) MCMx-metasurface, and (i) MCMy-metasurface at 3.7 GHz. Simulation result of (j) in-plane magnetic field distributions (|Hin-plane|), (k) x-component of electric field distribution (|Ex|), and (l) y-component of electric field distribution (|Ey|) at 3.7 GHz. 

[image: ]
[bookmark: _Hlk94778364]Supplementary figure S5. Visualized and simulated distributions of the electric and magnetic fields of BPF. The first row represents the visualized and simulated results for in-plane magnetic field distribution (|Hin-plane|) using ITO glass indicator at (a) 3.5 GHz and (b) 3.9 GHz. (c) Simulation result corresponding to (b). The second row represents the visualized and simulated results for the x-component of electric field distribution (|Ex|) using MCMx-metasurface at (d) 3.5 GHz and (e) 3.9 GHz. (f) Simulation result corresponding to (e). The third row represents the visualized and simulated results for the y-component of electric field distribution (|Ey|) using MCMy-metasurface at (g) 3.5 GHz and (h) 3.9 GHz. (i) Simulation result corresponding to (h). The fourth row represents the calculated and simulated results for the in-plane electric field distribution (|Ein-plane|) at (j) 3.5 GHz and (k) 3.9 GHz. (l) Simulation result corresponding to (k).
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