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Supplementary Note 1.

To investigate the origin of the light absorption peak of the chiral plasmonic structures with
nanogratings, we measured absorbance spectra of three types of substrate samples: flat
PDMS/Au substrates, PDMS/Au substrates with the original nanogratings, and those with
original nanogratings combined with the vertical nanogratings (40-nm-thick), as shown in
Supplementary Fig. 11. The PDMS with both the original and additionally formed vertical
nanogratings was fabricated by stretching the original nanograting-patterned PDMS film
perpendicular to the original nanograting direction and then applying UV/O3 surface treatment.
The schematic images of flat, original nanogratings-based, and original with additionally
formed vertical nanogratings-based PDMS/Au substrates are presented in Supplementary Fig.
11a-c, respectively. The corresponding absorption spectra of these samples are shown in
Supplementary Fig. 11d. The absorption spectra indicated that flat PDMS/Au predominantly
absorbs light in the 300-500 nm wavelength range, confirming that the main absorption peak
centered around 400 nm wavelength in our chiral PDMS/Au is due to the intrinsic absorption
of Au. Additionally, both PDMS/Au substrate with the original nanogratings and PDMS/Au
substrate with the original nanogratings combined with the vertical nanogratings showed
increased absorption at 480 nm compared to the flat PDMS/Au substrate. Notably, the
PDMS/Au substrate with the original nanogratings combined with the vertical nanogratings
showed a higher absorption peak at 480 nm wavelength than the others, along with an
additional absorption peak at 630 nm. It means that the additional shoulder peaks around 480
and 630 nm in chiral plasmonic structures with nanogratings are attributed to the nanograting
s. The calculated absorption spectra of flat PDMS/Au substrate, PDMS/Au with the original n
anogratings (540 nm pitch), and PDMS/Au with the additionally formed nanogratings (100 n
m pitch) also exhibited similar trends, consistent with the experimental results of the three typ
es of samples (Supplementary Fig. 12). In the flat PDMS/Au, light absorption was mainly ob
served in the 300-500 nm range, while the PDMS/Au with the additionally formed nanogratin
gs (100 nm pitch) showing an additional optical absorption peak at 630 nm wavelength. Furth
ermore, all of the PDMS/Au with nanogratings showed stronger light absorption at 480 nm co
mpared to the flat PDMS/Au. The heights of the nanogratings were 10 and 20 nm for 540 nm
pitch and 100 nm pitch, respectively.



Supplementary Note 2.

We performed a chiroptical analysis of LH- and RH-chiral plasmonic structures with Au
coatings of 30, 40, 50 nm, or 130 nm and with 830 nm original nanograting patterns with
different pitch size. Supplementary Fig. 14a shows the CD spectra of the LH- and RH-
patterned chiral plasmonic structures with an Au layer 30, 40, or 50 nm thick. The peak
positions of the CD spectra shifted to 504, 511, and 500 nm, respectively. Broader peaks were
obtained in the CD spectra of the 40- and 50 nm thick than in those of the 30 nm thick Au-
based chiral plasmonic structures while all chiral patterns had similar g-factor values
(Supplementary Fig. 14b). The chiral plasmonic structures with 30 and 50 nm thick Au
coatings had high g-factor values (both 0.06). The chiral plasmonic patterns covered with 130
nm thick Au showed similar CD spectra but relatively lower values for both CD and g-factor,
probably due to the decreased interaction of plasmonic modes at the Au/air and PDMS/Au
interfaces (Supplementary Figs. 15a and 15b). The 130 nm thick Au chiral plasmonic films
based on the inverted chiral PS film had similar CD spectra, with vertically mirrored positive
and negative signals for the LH- and RH-patterned chiral plasmonic structures
(Supplementary Figs. 15c and 15d). The CD and g-factors of the chiral (based on PDMS)
and inverted (based on PS) chiral plasmonic structures were determined based on the original
grating nanopatterns with 830 nm pitch sizes and 40 nm thick Au (Supplementary Fig. 16).
The positions of the CD peaks were around 700 nm and thus significantly red-shifted compared
to the chiral plasmonic structures based on the original nanograting pattern with a 540 nm pitch,
which had a peak position of 511 nm. These results showed that the peak positions of the CD
spectra can be controlled by adjusting the thickness of the metal film and the pitch of a simple
nanograting pattern. Note that g-factor values > 0.07 at 700 nm were achieved for the inverted
chiral plasmonic structures (Supplementary Fig. 16d).
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Supplementary Fig. 2| SEM images of 540 nm pitch sized nanograting patterned PDMS/Au
(40 nm) substrates (scale bar: 2 um).



Supplementary Fig. 3| (a) OM image of PDMS after the first stretching and release process.
b,c, OM images of (b) LH- and (c) RH-patterned PDMS films (scale bar: 50 um).
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Supplementary Fig. 4| 3D profiler results of chiral plasmonic structures. a, b, 3D profiler
images of (a) LH- and (b) RH-patterned chiral plasmonic structures (scale bar: 100 um). (C)
3D profiler image of the RH-patterned chiral plasmonic structures with X, y, z coordinates. (d)
Cross-sectional line profiles for the black-dashed (top) and orange-dashed (bottom) lines in
Supplementary Fig. 4c.
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Supplementary Fig. 5| a,b, (a) AFM image and (b) height profile of additionally formed
diagonal nanopatterns of chiral plasmonic films. (c) Pitch and depth distributions of the
diagonal nanopatterns.



Supplementary Fig. 6/ SEM images of LH-patterned chiral plasmonic films without
nanograting patterns (scale bars of Supplementary Fig. 6a: 100 um, 6b: 30 um, 6¢: 3 um)



Supplementary Fig. 7| a—c, Schematic images of the (a) original grating patterns, the
additionally formed (b) vertical nanopatterns, and the (c) diagonal nanopatterns, including &
and ¢, for LH-chiral plasmonic patterns (pink arrow: incident light direction).



Peeling Off of Polymer Film

Inverted LH-Patterned Polymer Film

LH-Patterned PDMS Stamp Imprinting Process of Polymer Film
with Heat

Supplementary Fig. 8| Schematic images of imprinting process for inverted-LH chiral
patterned polymer film using LH chiral patterned PDMS stamp. The green dashed circle
represents the transformation of the polymer film, located in the concave region of the LH
chiral pattern PDMS stamp after nanoimprinting, into a convex area.
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Supplementary Fig. 9| a,b, Schematic images (left) with corresponding photograph images
(right) of (a) LH- and RH-chiral plasmonic patterns (based on PDMS films) and (b) inverted
LH- and RH-chiral plasmonic patterns (based on PS films) without nanogratings. (red dashed
arrows and circles: in the case of inverted patterns, the concave regions of the original pattern
are transformed into convex regions, protruding outward, while the convex regions are
transformed into concave regions, indenting inward in the opposite direction; scale bars in the
photograph images: 5 mm).



Supplementary Fig. 10| SEM images of inverted LH-patterned plasmonic films based on PS
substrates (scale bars of Supplementary Fig. 10a: 2 um, 10b: 30 um, 10c: 10 um, 10d: 20 pum)
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Supplementary Fig. 11| a-d, Schematic images of (a) flat PDMS/Au substrate, (b) PDMS/Au
with the original nanogratings, (¢c) PDMS/Au substrate with the original nanogratings
combined with the additionally formed vertical nanogratings, and (d) absorption spectra of
those substrates.
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Supplementary Fig. 12| Calculated absorption spectra of flat PDMS/Au substrate, PDMS/Au
substrate with the original nanogratings (540 nm pitch), and PDMS/Au substrate with the
additionally formed nanogratings (100 nm pitch).
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Supplementary Fig. 13| Linear dichroism spectra of LH-patterns. (a) Linear dichroism spectra
of LH-patterns and (b) average LD value spectra of LH-patterns.

In DRCD measurement, the impact of linear dichroism (LD) caused by the optical anisotropy
of a sample should be accounted for to minimize CD artifacts. LD refers to the difference
between in absorption of light polarized parallel and perpendicular to an orientation axis. The
effect of linear polarization on CD can be removed by measuring the sample at designated
angular intervals and calculating the average value of the measured results. Our LD values at
a 90° difference have opposite signs, indicating that the effect of LD can be removed from the
average LH-pattern value based on a specific interval (30°).
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Supplementary Fig. 14| a,b, (a) CD and (b) g-factor spectra for LH- and RH-patterned chiral
plasmonic PDMS films with an Au coating 30, 40, or 50 nm thick.
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Supplementary Fig. 15| a,b, (a) CD and (b) g-factor spectra for the chiral plasmonic PDMS
films. ¢,d, (c) CD and (d) g-factor spectra for the inverted LH- and RH-patterned chiral

plasmonic PS films (Au thickness: 130 nm)
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Supplementary Fig. 16| a,b, (a) CD and (b) g-factor spectra of LH- and RH-patterned chiral
plasmonic PDMS films for the original nanograting patterns with a pitch size of 830 nm. ¢,d,
(c¢) CD and (d) g-factor spectra of inverted-LH and RH-patterned chiral plasmonic PS films for
the original nanograting patterns with a pitch size of 830 nm. (Au thickness: 40 nm)



Q
T

300 05T 30 300
= e =~ (i) 3 (i) (i) 0.1
£ S 10 £
£ 400 045 g 400 8 £ 0 8

S r—

£ 500 3 £500 Pt = 500 o
S 038 © 2B L 0 3 2 ‘ 0 §.
5 6w T S| N PN § g w 3
3] 023 © SQ z 3
T : - . -
£ 0 0if 20 0=10° |l° ST0[ ¢=45"N | ¢=135° ~~ W,

800 L 800 800

0 90 180 270 360 0 90 180 270 360 0 10 20 30 0 10 20 30
¢ (degree) ¢ (degree) 6 (degree) 6 (degree)

Supplementary Fig. 17| Numerically calculated obliquity angle dependence of optical
characteristics for the original nanogratings. (a) (i) Absorbance and (ii) CD spectra of the
diagonal nanogratings at the obliquity angle # = 10° and different ¢. (b) CD spectra of the
diagonal nanogratings at the obliquity angles (i) ¢ = 45° and (ii) ¢ = 135° and different 6.
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Supplementary Fig. 18| a-d, Macroscopic mapping of the @ (i) and ¢ (ii) results of the (a, b)

vertical and (c, d) original nanopatterns from (a, ¢) LH- and (b, d) RH-patterned chiral

plasmonic structures. (iii) Distribution histograms of the ¢ and ¢ results.
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Supplementary Fig. 19| Calculated CD spectra of the chiral plasmonic structures for original
nanograting patterns in Fig. 3d.
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Supplementary Fig. 20| Parametric studies of nanogratings for different geometric
parameters. (a) Schematic model of nanogratings. b,c Parametric studies of absorbance
spectra by changing (i) width w, (i) period a, (iii) Au side thickness s, (iv) Au thickness ¢, (V)
grating height 4, and (vi) incidence angle 6. The default parameters are: (b), w = 80 nm, a =
100 nm, s =5 nm, £ =30 nm, 2 =10 nm, # = 0°; and (¢), w = 300 nm, a = 540 nm, s = 5 nm, ¢
=30 nm, 2 = 10 nm, 6 = 0°. The parametric studies were performed at p-polarized incident
lights.
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Supplementary Fig. 21| Near-field distribution of the diagonal nanogratings at RGB
excitation wavelengths. a-c, The electric field intensity distribution at (a) 460 nm, (b) 543 nm,
(¢) 647 nm, under (i,iii) L-CPL and (ii,iv) R-CPL incident lights, (i,ii) ¢ = 45° and (iii,iv) ¢ =
135°. The calculations were performed at 8 = 30°.
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Supplementary Fig. 22| Near-field distribution of the original nanogratings at RGB
excitation wavelengths. a-c, The electric field intensity distribution at (a) 460 nm, (b) 543 nm,
(¢) 647 nm, under (i,iii) L-CPL and (ii,iv) R-CPL incident lights, (i,i1) ¢ = 45° and (iii,iv) ¢ =
135°. The calculations were performed at 8 = 30°.
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Supplementary Fig. 23| PL intensity measurement setup under CPL illumination (LP: linear
polarizer, OL: objective lens, QWP: quarter wave plate, NA: numerical aperture).
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Supplementary Fig. 24| a-c, Polarization-non-sensitive PL spectra of (a) R-, (b) G-, and (c¢)
B-QDs on flat gold substrates.



L-CPL Excitation
R-CPL Excitation

1.0

0.5+

Norm. PL Intensity (arb. units) ©

0.0 T T T T T T T
400 450 500 550 600 650 700 750 800
Wavelength (nm)

(o)

"00 01 02 03 04 05 06 07 08

Supplementary Fig. 25| (a) Schematic image of RB-QD-coated RH-chiral plasmonic
structures. (b) Polarization-sensitive PL spectra and schematic images of the RB-QD-based
system. (c) CIE 1931 coordinates of the emitted light of the RB-QD-based system according
to the CPL rotation direction.
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Supplementary Fig. 26| (a) PL-CPL measurement setup (LP: linear polarizer, QWP: quarter
wave plate). b-d, The experimental circular polarized PL intensity of the (b) R-QDs, (c) G-
QDs, and (d) B-QDs on the chiral plasmonic structures.
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Supplementary Fig. 27| a-c, Polarization-non-sensitive PL spectra of (a) R-, (b) G-, and (c¢)
B-QDs on flat gold substrates.
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Supplementary Fig. 29| SEM images of inverted LH-patterned chiral plasmonic films based

on PDMS substrates (scale bars of Supplementary Fig. 29a: 2 pm, 29b: 30 um, 29c: 10 pm,
29d: 20 pum)




Supplementary Fig. 30| Schematic illustration of the fabricated 11.7 x 11.7 cm? chiral
plasmonic film cut into 36 pieces of 1.3 cm by 1.3 cm films.
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Supplementary Fig. 31| a,b, (a) CD and (b) g-factor spectra of the 36 pieces cut from a large
area of the inverted LH- and RH- chiral plasmonic film samples.



Y Inverted LH sample
6 Inverted RH sample
i
)
c 41
]
O 3 SANN
2 p
LN
O T T T T T
-600 -400 -200 0 200 400 600 800

CD (mdeg)

Supplementary Fig. 32| Maximum CD value distribution of the 36 pieces cut from large-area
inverted LH- and RH-chiral plasmonic film samples.



Supplementary Fig. 33| a,b, (a) Photograph of the chiral PDMS QR code film (a) for
thickness measurement using micrometers (scale bar: 2 cm), and (b) the film floating in water
(scale bar: 2 cm).
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Supplementary Table 1. Comparison of the characteristics of chiral plasmonic structures reported in previous studies and in this work, in terms of material,
approach, g-factor, area of structures, intrinsic/extrinsic chirality, and wavelength of light.

Material Approach g-factoraps Area (mm?) Intrinsic/Extrinsic Wavelength (nm) Ref.

Au Particle 0.003 NA Intrinsic 520 1

Au Particle 0.019 NA Intrinsic 530 2

Au Particle 0.003 NA Intrinsic 190 3

Au Particle 0.0003 NA Intrinsic 530 4

Ag Particle 0.002 NA Intrinsic 530 5

AU/Ag Particle 0.01 NA Intrinsic 430 6

Au Particle 0.02 NA Intrinsic 750 7

Au Particle 0.03 NA Intrinsic 700 8

Au Particle 0.2 NA Intrinsic 622 9

Au Particle 0.024 NA Intrinsic 600 10

Au Particle 0.006 NA Intrinsic 365 11

Au Particle 0.4 NA Intrinsic 600/710 12
PDMS/Au FIB NA 0.01 Intrinsic 1200~2800 13
ITO/Au FIB NA 0.0016 Intrinsic 3000~12000 14
Au/QDs FIB NA 0.0025 Intrinsic 450~700 15
Fused Silica/Au E-Beam Lithography NA 4 Intrinsic 600~2400 16
ITO/Au E-Beam Lithography NA 0.01 Intrinsic 1000~1800 17
SiOy/Au E-Beam Lithography NA 0.064 Intrinsic 600~1400 18
Glass/Au/Dye E-Beam Lithography NA 0.04 Intrinsic 500~900 19
Ag/QDs E-Beam Lithography NA 625 Intrinsic 400~1000 20
ITO/PMMA/AuU E-Beam Lithography NA 0.04 Intrinsic 526~833 21
Au/PMMA GLAD with Hole Mask NA 100 Intrinsic 750~3000 22
Au GLAD with Low Temperaure 4560 Intrinsic 500~1000 23
Ag/SiO; GLAD with PS Sphere 0.074 264 Intrinsic 614 24

(4 times evaporation)
Ag GLAD with PS Sphere NA 100 Intrinsic 400~800 25
(2 times evaporation)

Au GLAD with PS Sphere and RIE Etching 0.058 375 Intrinsic 600 26

Au GLAD with PS sphere and RIE Etching 0.024 750 Intrinsic 600 27
Ti/Ag GLAD with Room Temperature 0.39 NA Intrinsic 500~520 28




GLAD with PS Sphere

PS/Ag . . 0.94 100 Intrinsic 700 29
(2 times evaporation)
PS/Ag GLAD with PS Sphere and RIE Etching 0.07 1935 Intrinsic 664 30
(3 times evaporation)
Au NPs _ Moire 0.12/0.05/0.72 625 Intrinsic 560/680/1290 31
(Stacking/Compression)
Moiré -
Au/QDs (Stacking) 0.007 100 Intrinsic 608 32
PDMS/Au Strain of Au Nanograting Structured Substrate NA 625 Extrinsic 300~900 33
Parylene/Cr/Au Strain NA 150 Extrinsic 0.2~1.6 THz 34
PDMS/Au NPs Strain/Twisting Au NPs Coated Substrate 0.025 300 Extrinsic 620 35
PDMS/AU Stretching of Substrate vylth_BCP Lithography & 0.0089 625 Extrinsic 680 36
Metallization
PDMS/Au, PS/Au Stretching of Au Nanograting Structured Substrate 0.056/0.07 13689 Extrinsic 557/700 V-I\-/glrsk

FIB: focused ion beam

GLAD: glancing angle deposition

RIE: reactive ion etching

PMMA: polymethylmethacrylate

BCP: block-copolymer

ITO: indium tin oxide

NPs: nanoparticles
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