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Fig. S1. (a) Top and (b) bottom SEM images of the fabricated suspended bilayer metasurfaces. It is
worth nothing that we usually fabricate different types of nanostructures on the same substrate. The

metagratings used in this work are highlighted by the white solid squares.



jOy)
o
o

07 07 07
gap 0 nm = RCP gap 50 nm - RCP gap 100 nm - RCP
06 - LCP 0.6 - LCP 06 — LCP
05 05 054
g g g
S04 504 504
H B &
E 0.3 E 0.3 E 0.34
= = =
02 0.2 024
0.1 0.1 0.1+
0.0+ T T T 0.0 T T T 0.0 T T T
600 800 1000 1200 600 800 1000 1200 600 800 1000 1200
Wavelength (nm) Wavelength (nm) Wavelength (nm)
d e f
0 07 07
gap 150 nm - RCP gap 200 nm = RCP gap 250 nm = RCP
06 = LCP 0.6 = LCP 0.6+ = LCP
05 0.5 0.5+
@ o @
2 g g
_aEu 04 g 0.4 g 0.44
g & 3
§ 03 E 0.3 E 0.3 4
= [ =
02 0.2 0.2+
0.1 0.1 0.1
0.0 T T T 0.0 T T T 00 T T T
600 800 1000 1200 600 800 1000 1200 600 800 1000 1200
Wavelength (nm) h Wavelength (nm) . Wavelength (nm)
|
g 07 07 07
gap 300 nm == RCP gap 350 nm == RCP gap 450 nm == RCP
06 = |CP 0.6 0.64 = |LCP
05 0.5 0.5+
8 i 8
504 504 50.4-
£ £ =
£ E E
203 20.3 £0.3
T £ e
= = =
02 0.2 0.24
0.1 0.1 0.1
0.0 T T T 0.0 T T T 0.0 T T T
600 800 1000 1200 600 800 1000 1200 600 800 1000 1200
Wavelength (nm) Wavelength {nm) ‘Wavelength (nm)

Fig. S2. (a—i) Simulated transmittance spectra of the +45°-arranged moiré metasurface for the gap

distance from 0 to 450 nm.
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Fig. S3. (a) Experimentally measured and (b) correspondingly simulated transmittance spectra of
various incident/output handedness combinations. 7i (7y) refers to the intensity of the LCP (RCP)

transmittance component under the incident RCP (LCP) light.
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Fig. S4. (a) Measured and (b) simulated CD in degrees with twisted angle 8 ranging from 45° to 0°.

The CD signal in degree is extracted by the following equation:’!!

CD = tan™ Trer ~ior (S1)
TRCP +TLCP ’

where Trep and 71cp indicate the transmittance for incident RCP and LCP light. The measured
CD spectra are in reasonable agreement with the simulated ones within the resonance range of

interest. The differences between measured and simulated results above 1100 nm could be



mainly attributed to the low transmittance in this wavelength range. The small value of
denominator in Eq. S1 makes pronounced large CD in the simulations, which actually can be

ignored in the CDr spectra. Thus, we focus more on the chiroptical responses around 825 nm.

Table S1. Comparison of the ratios (the resonance wavelength to the meta-atom period) retrieved

from our work and other reported literatures.

Circular Dichroism
Ref Moiré System Twisted Period Ratio
: (twisted nanostructures) Design RCPILCP CD (deg) cD angle (nm)
Peak (nm) | Transmittance g T
1] particle chain arrays 1240 - 21 - 45° 365 3.39
[2] nanorods 950 0.7/0.2 29.1 0.5 436" 250 38
[3] nancholes 700 - - 0.1 15° 300 2.33
4] nancholes 587 - 34 - 56.8° 535 1.10
[5] Al meta-grating 508 0.65/0.3 20.2 0.35 45° 150 3.38
WL | e QD e 825 0.498/0.224 20.9 0274 | 45° 500 1,65
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Fig. S5. Simulated transmittance spectra of the +45°-arranged moiré metasurface composed of two

sheets of a single-layer metagrating.



Table S2. Comparison of biomolecular chirality discrimination from relevant literatures and our work.

Ref. System Analytes Molecular dimension AAA (nm) sensitivity
[11 Particle chain arrays (Moiré System) Bovine Serum Albumin 21.8 nmx4.5 nmx14.3 nm 40 6 nm per fmol mm~—2
[6] Dielectric cylinders Phenylalanine 200 nm thick layer
[7] Quantum dots with chiral metamaterials Streptavidin 4.6nm»9.4 nmx10.5 nm - 600 zmole
[8] Nanoholes (Moiré System) Glucose - 19 180 femtogram
2] Twisted Au nanoraods Concanavalin A 7.0 nm»x11.7 nm»12.1 nm - 55 zmole
[10] Chiral metasurfaces Shikimate kinase 6.4 nmx6.4 nmx9.2 nm 8 picogram level
[11] | Suspended bilayer chiral metasurfaces Bovine Hemoglobin 7.9 nm=11.1 nmx6.5 nm - 22.2 zmole
[12] Nanoholes (Moiré System) Concanavalin A 7.0 nmx11.7 nmx12.1 nm 25 picogram level
[13] Chiral metasurfaces Concanavalin A 7.0 nmx11.7 nm*12.1 nm 1.9 251 picogram
T Bovine Hemoglobin 7.9 nmx=11.1 nmx6.5 nm 34.7 1.07~1.83 nm per fmol mm=2
This Suspended symmetric bilayer meta-
o grating Bovine Serum Albumin 21.8 nmx4.5 nmx14.3 nm 54.2 2.1~10.17 nm per fmol mm~2
(EIOSyEEm) Concanavalin A 7.0 nmx11.7 nmx12.1 nm 121 0.60~1.03 nm per fmol mm~2
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Fig. S6. (a—) CD spectra for +45°-arranged moiré metasurfaces with and without (a) BH, (b) BSA and

(c) Concanavalin A, respectively.
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Fig. S7. Measured transmittance spectra of bilayer SisN4 membranes (a) without and (b—d) with proteins

including (b) BH, (c) BSA and (d) Concanavalin A, respectively.
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