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Supplementary Figure 1| gabs spectra of CHP:CI blend films with a different enantiomer.

CHP:CI (10 wt% loading of [M]-aza[6]H into F8T2 polymer) film without acceptor or with

different types of acceptors. The CHP:CI thin films with [M]-aza[6]H were prepared with the

same processing conditions and concentrations used for fabricating the CHP:CI film with [P]-

aza[6]H.
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Supplementary Figure 2| gen trends and device characteristics of CP-OPDs by using
CHP:CI ([M]-aza[6]H) matrices, without acceptor or with acceptors. a, Statistics of gen for
each type of CP-OPDs under 470 nm CP light (23.6 mW cm™2). Box range is defined by standard
deviation of gen for 6 devices. Red, blue, and pink lines indicate whisker, median line, and mean
line, respectively (pristine: median (0.84796), upper (0.85432) and lower quartiles (0.81087),
upper (0.86576) and lower whiskers (0.77820), interquartile range (0.04345), no outliers; Y6:
median (0.96346), upper (0.98096) and lower quartiles (0.92401), upper (0.99625) and lower
whiskers (0.91478), interquartile range (0.05695), no outliers; ITIC-4F: median (1.00490),
upper (1.02325) and lower quartiles (0.97211), upper (1.04960) and lower whiskers (0.97180),
interquartile range (0.05114), no outliers; PC71BM: median (0.94602), upper (0.96992) and

lower quartiles (0.92151), upper (0.98237) and lower whiskers (0.88615), interquartile range
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(0.04841), no outliers). b, Voltage-dependent gpn for the pristine and the ITIC-4F-incorporated
CP-OPD. c, Time-dependent CP light detection characteristics for each type of device. d,e, I-V
curves of each CP-OPDs under LCP (d) and RCP illumination (e). f, Photocurrent difference
under RCP and LCP compared to those from the pristine device. g—j, EQE, Spectral R, and D
of pristine CP-OPDs (g,h) or ITIC-4F-introduced CP-OPDs (i,j) under the linear polarized (LP),

RCP, and LCP excitation.
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Supplementary Figure 3| GIWAXS of chiral matrices. a—d, 2D GIWAXS images of pure
CHP:CI thin film (a), Y6-introduced (b), ITIC-4F-introduced (c), and PC7:.BM-introduced
CHP:CI thin films (d). e=h, 1D line plots of CHP:CI thin film (e), Y6-introduced (f), ITIC-4F-
introduced (g), and PC7:BM-introduced CHP:CI thin films (h). The CHP:CI thin films were

Intensity (log,,)

ITIC-4F 20
1.5
1.0
0.5
0.0
00 05 10 15 20 00 05 10 15 20
Qxy (A7) Qxy (A-)
Out-of-plane Out-of-plane
2
In-plane > In-plane
2
2
/\/\ < /\I\/\
T 1 T 1
1 2 1 2
Q (A" QA"

prepared with the same processing conditions used for fabricating the CP-OPDs.
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Supplementary Figure 4| AFM images of chiral matrices. a, Reference CHP:CI thin film. b,
Y6-introduced CHP:CI thin films. c, ITIC-4F-introduced CHP:CI thin films. d, PC7:BM-
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introduced CHP:CI thin films. Root mean square roughness (Rrwvs) was shown for each AFM
image. The CHP:CI thin films were prepared with the same processing conditions used for

fabricating the CP-OPDs.
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Supplementary Figure 5| Thickness profiles of chiral matrices. a, Reference CHP:ClI thin
film. b, Y6-introduced CHP:CI thin films. ¢, ITIC-4F-introduced CHP:CI thin films. d,
PC7:BM-introduced CHP:CI thin films. The CHP:CI thin films were prepared with the same

processing conditions used for fabricating the CP-OPDs.
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Supplementary Figure 6| Time-dependent CP light detection of a CP-OPD with ITIC-4F.
Red and blue dots represent RCP and LCP states, respectively.
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Supplementary Figure 7| Photo-response characteristics of ITIC-4F-introduced CP-
OPDs. a, Noise current spectral density. b, EQE spectra of CP-OPD with the different
polarization of light. ¢, LDR under CP light. d, Rise and fall time under RCP and LCP light

excitation.
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Supplementary Figure 8| Photo-response characteristics of pristine CP-OPDs. a, Noise
current spectral density. b, EQE spectra of CP-OPD with the different polarization of light. c,
LDR under CP light. d, Rise and fall time under RCP and LCP light excitation. e, Spectral R
and D* of ITIC-4F-introduced CP-OPDs under the linear polarized (LP), RCP, and LCP
excitation.
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Supplementary Figure 9| Stability test represented by the normalized genh of
unencapsulated ITIC-4F-incorporated CP-OPDs. The devices were stored in a nitrogen-
filled glove box, and measurements were performed in air. Error bar is defined by SD of gpn Iin

8 devices. Device measurement conditions were performed at the same wavelength (470 nm)

and light intensity (23.6 mW cm).
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Supplementary Figure 10| Chiroptical properties of acceptor:Cl films. a, CD spectrum of
pristine Y6 thin film and its mixture with [P]-aza[6]H. b, CD spectrum of pristine ITIC-4F thin
film and its mixture with [P]-aza[6]H. ¢, CD spectrum of pristine PC7:BM thin film and its
mixture with [P]-aza[6]H. Y6 and ITIC-4F exhibited clear chiroptical properties when mixed
with Cls, whereas PC7:BM did not show any chiroptical properties. Thin films were fabricated
from the solution consisting of each acceptor and CI (10 mg ml?, 1:1 weight ratio of [P]-
aza[6]H). Y6 had low solubility in toluene, especially when used in high concentrations. To

address this issue and ensure film quality, a small amount (= 10 vol%) of chloroform is added

to the toluene.
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Supplementary Figure 11| DOSY study. DOSY spectrum of pure [P]-aza[6]H.
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F8T2 [P]-aza[6]H:Y6 [P]-aza[6]H:ITIC-4F | [P]-aza[6]H:PC,BM
[ ] [ |
LTI o ~
Y [ |
G a o
S|
DIM - - =
Ovater (°) G (°) o () 7 (mM/m) X
F8T2 100.8 75.2 48.8 31.5
[P]-aza[6]H:Y6 96.3 66.4 27.5 40.7 0.58
[P]-aza[6]H:ITIC-4F 93.4 60.6 34.5 39.5 0.45
[P]-aza[6]H:PC,,BM 94.2 57.9 4.6 46.7 1.49

Supplementary Figure 12| Contact angle measurements. The surface energy was calculated
by using Owens-Wendt-Rabel-Kaelble (OWRK) method!. The Flory-Huggins interaction
parameter between F8T2 and [P]-aza[6]H:acceptor was calculated by using y = (Vyrsm2 —
\Jazae]H:acceptor)?, Where 2 and  yazafsj-accpetor are surface energies of F8T2 and [P]-
aza[6]H:acceptor blend. Surface energy extraction based on contact angle measurements was
performed under conditions that closely reflect the actual thin-film environment in the devices.
In our system, the active layer is predominantly composed of the host polymer F8T2, together
with 10 wt% [P]-aza[6]H and a significantly smaller fraction (1 wt%) of the acceptor.
Accordingly, contact angle measurements were carried out on neat F8T2 films and on [P]-
aza[6]H:acceptor blend films, since F8T2 and [P]-aza[6]H constitute the major components of
the thin film. In addition, [P]-aza[6]H:acceptor blend films blend films were prepared with an
acceptor to [P]-aza[6]H ratio of 1:10, identical to that used in the devices.
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F8T2:[P]-aza[6]H Y6 ITIC-4F PC,,BM

S,

U
G| g
[ - -
DIM -
Ovater (°) G (°) o () 7 (mM/m) X
F8T2:[P]-aza[6]H 99.8 75.6 49.6 30.9
Y6 92.9 53.3 46.0 37.1 0.28
ITIC-4F 99.1 68.2 453 35.7 0.17
PC,,BM 65.4 48.3 338 44.0 1.15

Supplementary Figure 13| Contact angle measurements. The surface energy was calculated
by using Owens—Wendt—Rabel-Kaelble (OWRK) method. The Flory-Huggins interaction
parameter between F8T2 and [P]-aza[6]H:acceptor was calculated by using y = (N #ts72:[P]-azae]H
— VJacceptor)?, Where sst2:[pl-azafsjs and 7accpetor are surface energies of F8T2:[P]-aza[6]H blend
and acceptor. To ensure relevance to device conditions, films were processed using toluene, the

same solvent employed during device fabrication.
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Supplementary Figure 14| ToF-SIMS results of chiral matrices. a, Y6-introduced chiral
matrix. b, ITIC-4F-introduced chiral matrix. c, PC71BM-introduced chiral matrix. The acceptor-
introduced CHP:CI thin films were prepared with the same processing conditions used for

fabricating the CP-OPDs.
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F8T2 with [P]-aza[6]H
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Supplementary Figure 15| ToF-SIMS result of pristine CHP:CI thin film. The CHP:ClI thin

film was prepared with the same processing conditions used for fabricating the CP-OPDs.
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Supplementary Figure 16| Band alignment. Energy levels of F8T22, aza[6]H?, Y6*, ITIC-
4F°, and PC71BM®.
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Supplementary Figure 17| SCLC measurements of electron-only devices. a, I-V curves of
electron-only devices without or with acceptors and inset device configuration is used for
electron-only device. b, Electron trap density (left-axis) was calculated by using trap-filled limit

voltage (VL) value (right-axis) based on SCLC technique’.
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Supplementary Figure 18| PPPc measurements for CP-OPDs. a-c, AJr responses in
polarization-dependent cw-PPPc measurement for Y6 (a), PC7:.BM-introduced CP-OPDs (b),

and a pristine CP-OPD as a function of time (c).
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Supplementary Figure 19| TPC measurements. a-d, Polarization-dependent TPC decay
curves of CP-OPDs without the acceptor (a) or with the introduction of Y6 (b), ITIC-4F (c),
and PC71.BM (d). Devices with the configuration of ITO/PEDOT:PSS/CHP:CI ([P]-
aza[6]H)/Cso/Al were fabricated and measured under CP illumination at a wavelength of

470 nm.
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Supplementary Figure 20| TPC measurements with a different enantiomer of aza[6]H
molecule. a-d, Polarization-dependent TPC decay curves of CP-OPDs without the acceptor (a)

15

or with the introduction of Y6 (b), ITIC-4F (c), and PC7:BM (d). e, Polarization-dependent ¢
for each type of CP-OPDs. Devices with the configuration of ITO/PEDOT:PSS/CHP:CI ([M]-

aza[6]H)/Ceso/Al were fabricated and measured under CP illumination at a wavelength of

470 nm. Fitted parameters for TPC analysis are shown in Supplementary Table 3.
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Supplementary Figure 21| Derivation of the optical penetration depth in a 220 nm thick
CHP:CI film under CP light. a, Absorption spectrum and transmittance of thin CHP:CI film.

b, Extracted absorption coefficient and corresponding penetration depth as a function of light
polarization. Absorption coefficient («) was derived by the equation, a = — lnTT where T is the

transmittance and x is thickness of the film, respectively. Polarization-dependent optical

penetration depth was calculated, considering gans spectrum of the film and equations, g, =

2(ap—ag)
(aL+ar)

RCP, linear polarized (LP) light illumination. Estimated optical penetration depths are 110.4

ap,+aRr

and aip = P

where aL, ar, and aLp denotes the absorption coefficient under LCP,

nm and 58.3 nm under RCP and LCP light at 470 nm, respectively. Absorption spectra are
usually measured with unpolarized light, but here we assume linearly polarized light simply to
account for the penetration depth. This calculation was based on the assumption that if the
incident intensity (l,) decreases due to a linear polarizer, the transmitted intensity (ly) will
decrease proportionally. Accordingly, the transmittance value (l+/1,) will remain at a constant
level.
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Supplementary Figure 22| Derivation of the optical penetration depth in a 75 nm thick
CHP:CI film under CP light. a, Absorption spectrum and transmittance of thin CHP:CI film.
b, Extracted absorption coefficient and corresponding penetration depth as a function of light
polarization. Estimated optical penetration depths are 63.5 nm and 43.0 nm under RCP and LCP
light at 470 nm, respectively.
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Supplementary Figure 23| Absolute gen of CP-OPDs fabricated by the thinner chiral
matrices (~ 75 nm) with the different type of acceptors. The thickness of the chiral active
layers was adjusted by varying the spin-coating conditions. Devices with the configuration of
ITO/PEDOT:PSS/CHP:CI/Ceo/Al were fabricated and measured under CP illumination at a
wavelength of 470 nm and a light intensity of 23.6 mW cm™. Box range is defined by standard
deviation of gen for 4 devices. Red, blue, and pink lines indicate whisker, median line, and mean
line, respectively (pristine: median (0.15897), upper (0.16196) and lower quartiles (0.15130),
upper (0.16219) and lower whiskers (0.14578), interquartile range (0.01066), no outliers; Y6:
median (0.15366), upper (0.15956) and lower quartiles (0.14947), upper (0.16013) and lower
whiskers (0.14509), interquartile range (0.01009), no outliers; ITIC-4F: median (0.15384),
upper (0.16243) and lower quartiles (0.14335), upper (0.16677) and lower whiskers (0.13727),
interquartile range (0.01908), no outliers; PC7:BM: median (0.16743), upper (0.17034) and
lower quartiles (0.16546), upper (0.17237) and lower whiskers (0.16435), interquartile range
(0.00488), no outliers).
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Supplementary Figure 24| gabs spectra of chiral matrices and corresponding absolute gen
of CP-OPDs with the high doping concentration of acceptors (5 wt%). a, gans Spectra of
chiral matrices. b, corresponding absolute gen 0f CP-OPDs with the high doping concentration
of acceptors (5 wt%). Except the acceptor doping concentration, device fabrication and
measurement conditions were identical to those used for the CP-OPDs with the low doping
concentration of acceptors (1 wt%), with measurements performed at the same wavelength
(470 nm) and light intensity (23.6 mW cm™). Box range is defined by standard deviation of gen
for 6 devices. Red, blue, and pink lines indicate whisker, median line, and mean line,
respectively (pristine: median (0.80015), upper (0.85846) and lower quartiles (0.79125), upper
(0.88137) and lower whiskers (0.77403), interquartile range (0.06721), no outliers; Y6: median
(0.31639), upper (0.32754) and lower quartiles (0.31035), upper (0.33053) and lower whiskers
(0.29927), interquartile range (0.01719), no outliers; ITIC-4F: median (0.88004), upper
(0.90089) and lower quartiles (0.84384), upper (0.90952) and lower whiskers (0.83081),
interquartile range (0.05705), no outliers; PC71BM: median (0.88654), upper (0.90117) and
lower quartiles (0.86769), upper (0.94764) and lower whiskers (0.86343), interquartile range
(0.03348), no outliers).
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Supplementary Figure 25| Light intensity dependence of photocurrent (Ipn) of CP-OPDs
with the different concentration of acceptors. a, 1 wt% Y6. b, 1 wt% ITIC-4F. ¢, 1 wt%
PC71BM. d, 5 wt% Y6. e, 5 wt% ITIC-4F. f, 5 wt% PC7:BM. The measurement was performed

at the wavelength of 470 nm (non-polarized) with various light intensities, which was

modulated by ND filters. The Ipn exhibits a power-law dependence on the incident light intensity

(Pin), described by the relation lpn < P
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500

Supplementary Figure 26| Scanned images from an organic CP-imager. a, Scanned image
under LCP light or b, RCP light with a wavelength of 470 nm. where a transparent mask with
an opaque 'lI'-shaped pattern ('I' part is opaque, and the other part is transparent), representing
Imperial College London, was placed between the imager and the light source. ¢, Histogram
exhibiting grayscale of dashed areas for each scanned image. Inset scale bars in all scanned

images indicate 1 cm.
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Supplementary Figure 27| Scanned images from an organic CP-imager. Scanned images

with full polarization states, where the polarization state is controlled by adjusting the angle of
the quarter-wave plate (QWP) from 0 ©to 345°with a wavelength of 470 nm. Grayscale are
extracted from corresponding dashed areas for each image. A transparent mask with an opaque
'I'-shaped pattern ('I' part is opaque, and the other part is transparent), representing Imperial
College London, was placed between the imager and the light source. Inset scale bars in all

scanned images indicate 1 cm.
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Supplementary Figure 28| Transparent CNCs film. a, Photograph of transparent CNCs film.
b, CD spectrum of the CNCs film. The CNCs powder purchased from Cellulose Lab was
dissolved in DI water (60 mg mI) and drop-cast onto the cleaned fused-silica substrates. Drop-

cast films were naturally dried for 48 hours at room temperature. An inset scale bar indicates 1

cm.
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Supplementary Table 1. GIWAXS derived d-spacing calculated from chiral matrices.

Sample peak qAh d(A)
Pristine Lamellar 0.37 17.0
-1 1.29 4.9
Lamellar 0.35 18.0
Y6 -1 1.28 4.9
Lamellar 0.32 19.6
ITIC-4F - 1.27 4.9
Lamellar 0.32 19.6
PC1BM - 1.24 5.1
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Supplementary Table 2. Summarized gen, gabs, and driving voltage (Vq) of CP-OPDs in
previous studies.

Chiral Matrices Absolute Absolute | Vg | Detectivit Re\s;?tonm Detectin Device Reference
Qabs geh (V) | y (Jones) ¥1 g A (nm) Type
(AW™)
aza[6]H ~10°3 1.8 60 N/A N/A 365 Transistor
CPDI-Ph 0.015 0.33 70 N/A 15.7 460 Transistor
F6BT N/A 194 | 60 | 7.44x107 1'86; 1071 450 Transistor 10
CICPDI-Ph-CF N/A 0.129 10 2.2x1016 108 495 Transistor 11
B:esn[;?t]iernErM 0.0006 127 | 20 N/A N/A 405 Transistor 12
3a-PIM 0.002 0057 | 80 | 21x10 | 045 730 Transistor 13
Ch'ra;i?iﬁggza'e”e 2.2x10°3 005 | 30 | 39x102 | 314 385 | Transistor 14
4CIdiPDI 0.005 016 | 80 | 47x10" | 165 488 Transistor 15
C13P3.75:S6N 0.2 058 | 80 | 5xio0 3.88 405 Transistor 16
NTPH-P:DPA 1.5x10° 024 | 60 | 1.33x10° | 0.233 556 Transistor 17
Metal organic
framework (R- NA | 43x10% | 2 N/A N/A 450 thgg‘:"d 18
MeBINOL-PorDC)
P3CT:BN N/A 0.1 5 N/A N/A 375 | Photocond 19
uctor
chiral covalent
organic 4 8 Photocond
frameworks (GityU-7 | 2310 095 | 0.1 | 55x10 1 405 o 20
and CityU-8)
chiral silver
nanoclusters Photocond
(Agr(R/S- N/A 0.18 1 | 100x10° | 5.92 520 o 21
DMA)2(dpppy)s
(BF4)3)
Chc';'o';';;g”e 0.06 0017 | 0 N/A N/A 543 Diode 22
(SESG)_'PPC”;SI\E' 0.09 0.1 0 N/A N/A 543 Diode 23
F8T2:aza[6]H 0.03 041 0 N/A N/A 510 Diode 24
DPP6T:PCBM 0.02 0.17 0 | 2.64x10° | 0.044 606 Diode 25
Ch'ra:]g:('xtv?r':sphe”e 0.0016 0047 | 04 | 1.25x101 | 0.123 560 Diode 26
ITIC:R5011 0.09 0113 | 2 | 1.07x108 | 0.329 700 Diode 27
PM6:chiral BTP-4CI 0.02 0.03 0 | 3x10m 04 830 Diode 28
PM6:chiral BTP-4F 0.015 0016 | 0 N/A 04 830 Diode 29
Chiral Polyacetylene | 2.25x107 0.08 0 3.15x107 0.18 365 Diode 30
PCDTPT:limonene N/A 0.18 0 1.5x1012 6 532 Diode 31
PCPDTTBTT:S5011 121 116 1 | 15<10% | N/A 670 Diode 32
PCPDTEZBZTOTO:SSOH: 1 0.53 5 | 24x10% | 0.75 730 Diode 33
(H)/(0)-2NDI 0.06 167 | 50 | 8.25%x100 | 13.76 450 Transistor 34
B (l\(lil)l(;\/l(z)-ﬁ) 1.38x1072 0.043 70 1.1x1012 92 670 Transistor 35
F8T2:aza[6]H 0.7 119 | 15 | zowxaow | 33P0y, Diode | This work
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Supplementary Table 3. Fitted parameters for TPC analysis of CP-OPDs depending on the
handedness of 470 nm CP light. Biexponential equation was used to fit the decay curves as

follows, y = y, + A, exp (— Tx—l) + A, exp (— %)

Active layer (

CHP:

[P]-aza[6]H) Ay A 71 (MS) 72 (MS) <> (ms) | (z—w)/(zLtr)
= LCP | 0.49 0,51 1.06 5.30 4.62 ;
Pristine RCP | 0.60 0.40 1.02 4.80 3.89 8.58x10
LCP | 0.53 0.47 9.76x107 | 7.03 6.20 9
ITIC-4F RCP 062 0.38 8.82x107 | 531 4.36 1.74x10
LCP | 0.61 0.39 1.00 6.99 5.90 9
Y6 RCP | 0.72 0.28 9.58x107 | 5.77 431 1.56x10
LCP | 0.57 0.43 112 6.89 5.87 9
PCuBM I 2cP T0.67 0.33 1.04 5.71 4.46 1.36x10
[AI\;;'_‘;‘;;‘%E;)(CHP: A A 71 (Ms) 72 (ms) <> (ms) | (n—m)l(nter)
- LCP | 0.66 0.34 9.09x107 | 5.16 4.07 ;
Pristine RCP | 0.40 0.60 9.89x10T | 5.17 4.70 7.18x10
LCP | 0.83 017 9.54x107 | 7.00 4.60 9
ITIC-4F "RCP 050 0.50 9.53x101 | 7.15 6.41 1.64x10
LCP | 0.66 0.34 9.99x107 | 5.74 4.55 9
Y6 RCP | 0.58 0.42 1.04 7.10 6.09 1.45x10
LCP | 0.66 0.34 9.20x107 | 5.20 4.09 9
PCuBM R CP 1056 0.44 9.95x107 | 6.21 531 1.30x10
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