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Supplementary Figure 1. Optical microscopy image of an a, R-form and b, S-form CIPs. 

Scale bar is 100 μm. 
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Supplementary Figure 2. Circular dichroism measurements of CLCN films. 
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Supplementary Figure 3. Transmittance of R-form CLCN films with a thickness of a, 15 µm, 

b, 36 µm, and c, 50 µm. 
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Supplementary Figure 4. Transmission spectra of CLCN films depending on concentrations 

of chiral dopants. 
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Supplementary Figure 5. Verification of a, thickness and b, crystallinity of the vdW p-n diode 

using atomic force microscopy and a Raman spectrometer, respectively. Detection of the A1g / 

E2g Raman peaks of MoTe2 and MoS2 was confirmed as 171.4 / 231.3 cm−1 and 407.1 / 

382.1 cm−1, respectively, under incident beam conditions of 532 nm and 5 mW. 
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Supplementary Figure 6. Spectral responsivity of a, 520 nm- and, b, 830 nm-targeted R-form 

CIPs. 
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Supplementary Figure 7. Geometrical dependence of short-circuit current (ISC) in R-form 

CIPs. a, Schematic of the photodiode geometry, indicating the regions defined as the active 

area, thickness, and active volume. Short-circuit current (ISC) dependence on b, total thickness, 

c, active area, d, active volume. Data were obtained under left-handed circularly polarized light 

(LH-CPL) using a light source (904 nm and 100 mW cm−2) for eight R-form CIPs. 
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Supplementary Figure 8. Dissymmetry factors of CIPs extracted from the data Figure 2e and 

2f. 
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Supplementary Figure 9. Noise power spectral density characteristics of a, R-form CIP and 

b, S-form CIP. 
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Supplementary Figure 10. Cycle-to-cycle variations of L-form CIPs illuminated by RH-CPL 

using a light source (904 nm and 10 mW cm−2). 
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Supplementary Figure 11. Frequency response analysis in both R-form and S-form 

configurations under V = 0 V. 
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Supplementary Figure 12. Simulated result for separated mixed-MNIST pattern. 
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Supplementary Figure 13. Simulated result for separated mixed-fashion-MNIST patternS1 (©  

2017 Zalando SE), used under the MIT License. 
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Supplementary Figure 14. Recognition result and following confusion matrix for mixed-

fashion-MNIST pattern. In the Fashion MNIST dataset, the numbers 0-9 correspond to the 

following clothing items: 0 - T-shirt/top, 1 - Trouser, 2 - Pullover, 3 - Dress, 4 - Coat, 5 - Sandal, 

6 - Shirt, 7 - Sneaker, 8 - Bag, and 9 - Ankle boot. 
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Supplementary Figure 15. Comparison of various in-sensor computing technologies. 
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Supplementary Figure 16. Polarization modulation process by a, half-wave and b, quarter-

wave retarders. 
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A polarized light beam can be initially decomposed into two polarized components aligned 

along the fast and slow axes of an optical retarder. In the case of a half-wave retarder, the 

component of light along the slow axis experiences a phase retardation of λ/2 (= 180°) relative 

to the component along the fast axis. This phase shift is equivalent to a polarization that is 

opposite to the original direction. When this light recombines with the component along the 

fast axis, the overall effect is a rotation of the polarization direction by an angle of 2θ 

(Supplementary Fig. 16a). For a quarter-wave retarder, the explanation follows a similar 

principle. This type of retarder introduces a phase difference of λ/4 (= 90°) between the two 

components, and when these components recombine, they produce elliptical polarization. 

Specifically, this results in the creation of circular polarization if the input light was linearly 

polarized at 45° relative to the retarder axes (Supplementary Fig. 16b). 
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Supplementary Figure 17. Optical microscopy image of zero-dimensional (1×1) polarimetric 

array of CIPs with a kernel value of +1 (identity) for the R-form CIP and –1 (negation) for the 

S-form CIP. Scale bar is 50 μm. 
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Supplementary Figure 18. a, Photo of 1×3 polarimetric kernel array for mixed identity 

function and Sobel-x function, and b, optical microscopy image. Scale bar is 50 μm. 
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Supplementary Figure 19. Fabrication process of CIPs with direct integration of the 

localized CLCN. 

The CLC liquid was deposited onto a substrate and overlaid with a rubbed PVA-coated glass, 

with a spacer, to serve as the alignment layer. UV light was then applied to crosslink the CLC 

dopants, forming an aligned helical structure. The upper glass was subsequently removed by 

dissolving the PVA layer in DI water. Finally, the device was blown dry with nitrogen gas. 
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Supplementary Figure 20. Transmittance of localized CLCN. Optical microscopy images and 

transmittance spectra of localized R-form CLCN with diameters of a, 0.28 mm, b, 1.01 mm, 

and c, 1.37 mm, and of localized S-form CLCN with diameters of d, 0.52 mm, e, 0.99 mm, and 

f, 8.58 mm. 
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Supplementary Figure 21. I–V characteristics of localized CIPs under 904 nm illumination 

at 100 mW cm−2. Scale bar is 50 μm. 
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Supplementary Figure 22. Applications of mixed-kernel image processing for blurring and 

sharpening. a, Circuit illustration for deriving output signals from mixed-modality kernels. 

Processed image for linear polarization angles (2θ) of b, 135°, c, 157.5°, d, 180°, e, 202.5°, 

and f, 225°. The Cameraman image is adapted from (©  Massachusetts Institute of Technology, 

used under the CC BY-NC 4.0 license). 
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Supplementary Figure 23. Conceptual design of a 3×3 polarimetric kernel array. a, Mixed 

Sobel‑X and Sobel‑Y polarimetric kernels using CVD‑grown MoS2/WSe2. b, VdW 

photodiodes via slot‑die printing of MoS2 and WSe2. 

 

a b



28 

 

Supplementary Table 1. Comparison of recent in-sensor computing technologies 

 

Reference S2 S3 S4 S5 S6 S7 S8 This Work

Device

architecture
WSe2 Si PdSe2/MoTe2

PDPP3T:PCB

M/PVCN/PVA/

P3HT:PCBM

Plasma-

treated MoS2

TiO2/Sb2Se3/

Si
Gr/Ge CLCN/MoTe2/ MoS2

Device

functionality

Electrical

responsivity

control

Electrical

responsivity 

control

Electrical

responsivity 

control

Time-variant 

responsivity

Gate 

controlled 

time-variant 

responsivity

Chromatic

response

control

Dynamic

kernel

Modulation

Polarization dependent

responsivity control / 

chiral-sensitive response

Applications
Pattern

recognition

Image 

processing

Broad-band 

image 

processing/

recognition

Photopic 

adaptation

Scotopic/

photopic 

adaptation

Classifying 

spectrally 

distinctive 

features

Contrast 

modulated 

image 

processing

Mix-multimodal image

processing /

chiral decomposition
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Supplementary Table 2. Benchmarking table of the optoelectronic properties of circular 

polarized light detectors. (R) and (S) denote R-form and S-form chiral molecule–based devices, 

respectively. 
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Year Journal Reference

CP light absorber
(R/S)-PFDTBT, C60,

PEDOT:PSS
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0.007 (R) /
−0.017 (S)

- - - 2010
Adv. 

Mater.
S9

CP light absorber [P(S),M(R)]-Aza[6]H 365 - 0.01 - 2.6 2013
Nat. 

Photonics
S10

CP light absorber (R/S)-CPDI-PH NW 460 −0.33 (S) 334 - - 2017
Adv. 

Mater.
S11

CP light absorber (R&S)-α-(PEA)2PbI4 520
0.274 (R) /
−0.228 (S)

- -
22 / 
34

2019 ACS Nano S12

CP light absorber (R- and S-α-PEA)PbI3
365-
530

0.02 (R) /
−0.02 (S) 

464 7.1×1011 1 2019
Nat. 

Commun.
S13

CP light absorber (R/S)-ProSQ-C6, PCBM 543
0.08 (R) /
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- - - 2019
Adv. Funct. 
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450 2.2 × 1011 100 2019 ACS Nano. S15
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2.1 (R)
2020

Angew. Ch
em. Int. Ed

S16

CP light absorber (R/S)-ClCPDI-Ph-CF 427-522
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−0.129 (S)

112900 2.2×1016 50 2020 ACS Nano. S17

CP light absorber (R/S)-Ph-C61-BAME 405
1.27 (R) /
−0.26 (S)

- -
~43 /
~43

2020
Adv.

Mater.
S18

CP light absorber
[(R&S)-MPA]2MAPb2I7, 

MAPbI3
520 0.67 1.2 1.1×1012 2 / 

2.4
2021

ACS 
Cent. Sci.

S19

CP light absorber
(R/S)-Ortho-π-extended 

PDI
635

0.057 (R) /
−0.054 (S) 

450 5.9×109 - 2021
Nat.

Commun.
S20
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0.58 / 

0.96 (R)
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Angew. Ch
em. Int. Ed 

S21

CP light absorber (R,R)/(S,S)-BTP-4Cl, PM6
300-
950

0.03 (R) /
−0.03 (S) 

400 3×1011 ~0.05 2022 Small S22

CP light absorber (R,R)/(S,S)-BTP-4F, PM6 830
0.01 (R) /
−0.015 (S) 

0.35 - 0.021 2022
Adv. 

Mater.
S23

CP light absorber (R/S)-DPP6T, PC61BM 606
0.17 (R) /
−0.16 (S)

280(R) /
150(S)

1.8 × 1011 (R) 
/

9.91 × 1010 (S)

0.472 / 
0.028(R),
0.133 / 

0.030(S)

2022
ACS Mater.

Lett.
S24

CP light absorber (R)-AuNP-CsFA-MAPbSn 808 −0.55 (R) 510(S) 2.45 × 1013 (S) - 2022 Adv. Sci. S25

CP light absorber
(R/S)-F8T2:aza[6]H, C60, 

PEDOT:PSS
540

0.85 (R) /
−0.85 (S)

- -
0.007 /
0.007

2022
Adv. Opt.

Mater.
S26

CP light absorber
(R/S)-MBOTPA, porphyri

n-based TAPP
405

0.00023 (R) 
/

−0.00045 (S
)

1000
5.5 × 108,
5.25 × 108

26.4 /
33.4

2023
Adv.

Mater.
S27

CP light absorber
S5011, PCPDTTBTT, PC7

0BM
300-
800

−1.2 (S) - 2 × 109 47.8 / 
41.9

2023 Nature S28

CP light absorber/
Charge transport layer

(R/S)-Ag-based Chiral pl
asmonic metamaterial, 

Si

1200-
1700

1 (R) /
−1 (S)

2 - - 2015
Nat. 

Commun.
S29

CP light absorber/
Charge transport layer

(R/S)-Au-based Chiral 
plasmonic metamaterial

, MoSe2

790
0.38 (R) /
−0.38 (S)

- - 100 2020 Nanoscale S30

CP light absorber/
Charge transport layer

[(R/S)-MBA]2CuCl4,  
SWCNT

405
0.25 (R) /
0.194 (S)

452000
(R)

- 2021 ACS Nano S31

CP light absorber/
Charge transport layer

P(S)-NTPH, 2.6-DPA 556 0.24 (S) 280 -
45 / 
46

2022
Nat. 

Commun.
S32

CP light reflector/
Absorber

(R/S)-CLCN, 
PODTPPD-BT

750-1000
1.8 (R) /
1.9 (S)

300000 -
260 / 
250

2020
Adv. Funct. 

Mater.
S33

CP light reflector/
Absorber

S-CLCN, PM6, L8BO 530-640 1.62 (S) 400 8.5 × 1014 1.2 / 
7.2

2024
Adv. 

Mater.
S34

CP light reflector/
Absorber

(R/S)-CLCN, MoTe2, 
MoS2

808-
904

1.88 (R) /
−1.90 (S)

158 (R) /
102 (S)

3.5 × 108 (R),
1.25 × 108 (S)

0.004 / 
0.004

This 

work
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