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Figure S1. The magnetic field in the XZ plane。

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Fabrication of quadruple taichi ring (QTR) metasurface
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Figure S2 shows the fabrication of a quadruple taichi ring (QTR) metasurface. First, a PI film was fixed on a 500 µm thickness silicon slab by Ploydimethysiloxane (PDMS). Second, a layer of 200 nm thick Cu was deposited on the PI film by conventional electron-beam evaporation. Then, positive photoresist (SUN-115P) was coated on the PI film via the spin-coating method with a spin speed of 3000 rpm for 30 s and subsequently was baked at 100 ◦C for the 60 s. Next, direct laser writing lithography was used to expose the photoresist. The structure was baked at 100 ◦C for 90 s and placed into SUN-238D developer for 5 s. The exposed Cu was etched by reactive ion etching. Finally, photoresist residue was removed by using the acetone solution, and a flexible PI with quadruple taichi ring (QTR) metasurface was peeled off from the silicon slab. 
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Figure S2. Fabrication of quadruple taichi ring (QTR) metasurface.
 

[image: F:\wencan-manuscript\picture\figs3\supS2(2).tif]
Figure S3. The simulated transmission spectra of QTR metasurface with the variation of (a) split gap. (b) the sharpness of the tail. (c) outer radius. (d) inner radius, respectively.

Preparation of Aβ samples 
Highly purified (purity > 95%) full-length Aβ (residues 1~40) was obtained from Hangzhou Chinese Peptide Company. The Aβ solutions with 10 mg/ml concentration were prepared in pure water solution (pH 7.1) at room temperature. The solution was then gradually diluted to 1 mg/ml, 0.1 mg/ml, 0.01 mg/ml, and 0.001 mg/ml. The Aβ solutions are added to the surface of the structure in metamaterials and then are quick-freezed at -80 °C after five-minute waiting. They [image: F:\wencan-manuscript\picture\fig6\figure5-new pitu.tif]finally are freeze-dried at -20 °C in vacuum.
Figure S4. Microscopic images of Aβ protein deposited on the metasurface with 0.01 mg/ml 0.001 mg/ml and 0.0001 mg/ml concentrations.

Table S1. The frequency shift versus different concentrations of Aβ protein.
	Concentrations (mg/ml)
	Frequency shift (GHz)
	Average value
	Standard deviation

	
	1
	2
	3
	
	

	10
	249.5
	244.5
	240.3
			244.8
	4.6

	1
	61.1
	57.4
	57.4
	58.6
	2.1

	0.1
	20.6
	16.8
	17.2
	18.2
	2.1

	0.01
	15.5
	16.5
	16.2
	16.1
	0.6

	0.001
	10.0
	8
	6.1
	8.0
	2.0

	0.0001
	6.0
	4.9
	10.1
	7.0
	2.7
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