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Supplementary Figures
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Supplementary Figure 1| a Cyclic voltammogram for (s,s,s,s)-, (s,s)-DPP6T in CH3CN/0.1 M [nBu4N]+ [PF6]− with a scan rate 50 mV s−1. The Pt plate and the Ag/Ag+ electrode was used as counter electrode and reference electrode, respectively. Redox potentials were internally calibrated using the ferrocene/ferrocenium (Fc/Fc+) redox couple. b Energy-level diagram of the chiral DPP6T donors and PC61BM acceptor alongside the work function of electrodes in OSCs.
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[bookmark: _Hlk21711221][bookmark: _Hlk4434604]Supplementary Figure 2| UV-vis spectra of solutions and neat films of (s,s,s,s)-,  (s,s)-DPP6T.
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[bookmark: _Hlk25653898][bookmark: _Hlk35718213]Supplementary Figure 3| CD spectra and corresponding g-factor of (s,s)-, (s,s,s,s)-, (ʀ,ʀ)- and (ʀ,ʀ,ʀ,ʀ)-DPP6T donors in solution in near ultraviolet and visible (NUV-vis) regions.
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Supplementary Figure 4| The g-factor of the neat films of (s,s)-, (s,s,s,s)-, (ʀ,ʀ)- and (ʀ,ʀ,ʀ,ʀ)-DPP6T.
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Supplementary Figure 5| Enlarged details of CD spectra of (s,s)- and (ʀ,ʀ)-DPP6T donors blended with PC61BM acceptors.
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[bookmark: _Hlk35720571][bookmark: _Hlk35720482]Supplementary Figure 6|a UV-vis spectrum of (s,s,s,s)-DPP6T assemblies via fast self-assembly. b CD spectrum of (ʀ,ʀ,ʀ,ʀ)- and (s,s,s,s)-DPP6T assemblies prepared by fast self-assembly. c The g-factor of (ʀ,ʀ,ʀ,ʀ)- and (s,s,s,s)-DPP6T assemblies prepared by fast self-assembly.
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[bookmark: _Hlk39085932]Supplementary Figure 7| a, b, c, and d 1D profiles of the neat films of the chiral donors (ʀ,ʀ,ʀ,ʀ)-, (s,s,s,s)-, (ʀ,ʀ)- and (s,s)-DPP6T with their corresponding blended films with PC61BM acceptors, which were  extracted from the 2D-GIWAXS patterns along the out-of-plane and in-plane directions.
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Supplementary Figure 8| J–V characteristics of (ʀ,ʀ,ʀ,ʀ)-, (s,s,s,s)-, (ʀ,ʀ)- and (s,s)-DPP6T:PC61BM-based OSCs under AM 1.5G solar irradiation (100 mW cm−2).
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Supplementary Figure 9| a–f I–T switching characteristics of chiral OSCs based on (s,s,s,s)-DPP6T blended with PC61BM acceptors illuminated at 426, 475, 540, 570, 606 and 640 nm, which were alternatively turned on and off for l-CPL or r-CPL with a cycle period time of 40 s.
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Supplementary Figure 10| a–f I–T switching characteristics of chiral OSCs based on (ʀ,ʀ,ʀ,ʀ)-DPP6T blended with PC61BM acceptors illuminated at 426, 475, 540, 570, 606 and 640 nm, which were alternatively turned on and off for l-CPL or r-CPL with a cycle period time of 40 s. 
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Supplementary Figure 11| a–d I–T switching characteristics of chiral OSCs based on (s,s)-DPP6T blended with PC61BM acceptors illuminated at 390, 490, 576 and 641 nm, which were alternatively turned on and off for l-CPL or r-CPL with a cycle period time of 40 s.
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Supplementary Figure 12| a–d I–T switching characteristics of chiral OSCs based on (ʀ,ʀ)-DPP6T blended with PC61BM acceptors illuminated at 390, 490, 576 and 641 nm, which were alternatively turned on and off for l-CPL or r-CPL with a cycle period time of 40 s.
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Supplementary Figure 13| The detectivity (D*) and responsivity (R) of (ʀ,ʀ,ʀ,ʀ)-, (s,s,s,s)-, (ʀ,ʀ)- and (s,s)- DPP6T:PC61BM-based OSCs in the NUV-vis  regions.
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[bookmark: _Hlk36201866]Supplementary Figure 14| a Dependence of photocurrent intensity on the incident CPL intensity at 640nm based on (ʀ,ʀ,ʀ,ʀ)-DPP6T:PC61BM OSCs. b Dependence of the difference in JSC upon the alternating irradiation of l- and r-CPL on the incident CPL intensity at 640nm based on (ʀ,ʀ,ʀ,ʀ)- DPP6T:PC61BM OSCs. 
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[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Supplementary Figure 15| Influence of incident l- and r-CPL intensity on D*, R, gD* and gR at 640 nm based on (ʀ,ʀ,ʀ,ʀ)-DPP6T:PC61BM OSCs. 
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Supplementary Figure 16| a–f I–T switching characteristics of (ʀ,ʀ,ʀ,ʀ)-DPP6T:PC61BM-based OSCs illuminated under 540 nm CPL with a chiral active layer thickness of 60, 75, 78 87, 106 and 125 nm, respectively.
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Supplementary Figure 17| The synthetic route of (ʀ,ʀ,ʀ,ʀ)-, (ʀ,ʀ)-DPP6T.
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Supplementary Figure 18| 1H NMR spectrum of 3,6-bis(5-bromothiophen-2-yl)-2,5-bis((R)-3,7-dimethyloctyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (compound 8) in CDCl3.
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Supplementary Figure 19| 1H NMR spectrum of (s,s,s,s)-DPP6T in THF–d8.
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Supplementary Figure 20| 1H NMR spectrum of (ʀ,ʀ,ʀ,ʀ)-DPP6T in THF–d8.
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Supplementary Figure 21| 1H NMR spectrum of (s,s)-DPP6T in THF–d8.


[image: ]
Supplementary Figure 22| 1H NMR spectrum of (ʀ,ʀ)-DPP6T in THF–d8.



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Supplementary Methods
[bookmark: _Hlk42518902]Supplementary Method 1. The synthesis of compound 8 and (s,s,s,s)- ,(ʀ,ʀ,ʀ,ʀ)-, (s,s)- and (ʀ,ʀ)-DPP6T.
[bookmark: _Hlk42518837]The synthesis of compound 5 and 6 were described in the reported literatures1 and the detailed synthetic procedure of the other monomers and the target chiral small molecules were indicated as follows.
3,6-bis(5-bromothiophen-2-yl)-2,5-bis((R)-3,7-dimethyloctyl)-2,5-dihydropyrrolo[3,4-c]pyrrole-1,4-dione (Compound 8): (R)-1-bromo-3,7-dimethyloctane (0.442 g, 2.0 mmol), potassium carbonate (0.274 g, 2.0 mmol) and compound 7 (0.220 g, 0.48 mmol) were added into DMF (30 mL). The mixture was deoxygenated with nitrogen for 20 min. Then the solution was stirred for 15 h at 80 °C. After removing the solvent, the crude product was purified with column chromatography on silica gel using dichloromethane/petroleum ether as the eluent to give compound 8. 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 2H), 7.24 (d, J = 4.1 Hz, 2H), 4.08 – 3.95 (m, 4H), 1.71 (m, J = 4.9 Hz, 2H), 1.53 (m, J = 8.6 Hz, 6H), 1.30 (m, J = 21.9, 11.4 Hz, 6H), 1.16 (m, J = 14.4, 7.6 Hz, 6H), 1.00 (d, J = 5.9 Hz, 6H), 0.86 (d, J = 6.5 Hz, 12H).
[bookmark: _Hlk42975853](s,s,s,s)- and (ʀ,ʀ,ʀ,ʀ)-DPP6T：The mixture of compound 5 (0.282 g, 0.6 mmol) and compound 8 (0.148 g, 0.2 mmol) added into 20 mL anhydrous toluene in a three-neck flask. The solution was flushed with nitrogen for 20 min and Pd(PPh3)4 (0.023 g, 0.02 mmol) was added into the solution quickly. Then, the mixture was stirred at 120 °C for 48h under nitrogen protection. After cooling to room temperature, the toluene was removed under reduced pressure. The obtained crude product was further purified by column chromatography on silica gel (DCM) to afford compound (s,s,s,s)- and (ʀ,ʀ,ʀ,ʀ)-DPP6T as dark blue solid. (s,s,s,s)-DPP6T 1H NMR (400 MHz, THF–d8) δ 8.99 (d, J = 4.2 Hz, 2H), 7.31 (d, J = 4.1 Hz, 2H), 7.21 (d, J = 3.8 Hz, 2H), 6.99 (dd, J = 9.1, 3.7 Hz, 4H), 6.65 (d, J = 3.4 Hz, 2H), 4.17 – 3.92 (m, 4H), 2.79 – 2.68 (m, 4H), 1.56 – 1.51 (m, 4H), 1.48-1.39 (m, 12H), 1.35 – 1.19 (m, 12H), 1.14-1.04 (m, 12H), 0.96 (d, J = 6.3 Hz, 6H), 0.85 (d, J = 6.0 Hz, 6H), 0.77 (t, J = 7.3 Hz, 24H). MALDI-TOF MS (m/z): 1189.7
(ʀ,ʀ,ʀ,ʀ)-DPP6T 1H NMR (400 MHz, THF–d8) δ 8.99 (d, J = 4.2 Hz, 2H), 7.31 (d, J = 4.2 Hz, 2H), 7.21 (d, J = 3.8 Hz, 2H), 6.99 (dd, J = 9.0, 3.7 Hz, 4H), 6.64 (d, J = 3.5 Hz, 2H), 4.19 – 3.92 (m, 4H), 2.90 – 2.59 (m, 4H), 1.57 – 1.51 (m, 4H), 1.50 – 1.37 (m, 12H), 1.33 – 1.18 (m, 12H), 1.15 – 1.03 (m, 12H), 0.96 (d, J = 6.3 Hz, 6H), 0.85 (d, J = 6.1 Hz, 6H), 0.77 (t, J = 7.3 Hz, 24H). MALDI-TOF MS (m/z): 1189.7
(s,s)- and (ʀ,ʀ)-DPP6T：The mixture of compound 6 (0.198 g, 0.6 mmol) and compound 8 (0.148 g, 0.2 mmol) added into 20 mL anhydrous toluene in a three-neck flask. The solution was flushed with nitrogen for 20 min and Pd(PPh3)4 (0.023 g, 0.02 mmol) was added into the solution quickly. Then, the mixture was stirred at 120 °C for 48h under nitrogen protection. After cooling to room temperature, the toluene was removed under reduced pressure. The obtained crude product was further purified by column chromatography on silica gel (DCM) to afford compound (s,s)- and (ʀ,ʀ)-DPP6T as dark blue solid. (s,s)-DPP6T 1H NMR (400 MHz, THF–d8) δ 9.00 (d, J = 4.2 Hz, 2H), 7.38 (d, J = 4.1 Hz, 2H), 7.33 – 7.26 (m, 4H), 7.21 (d, J = 3.1 Hz, 2H), 7.14 (d, J = 3.8 Hz, 2H), 6.95 (dd, J = 4.7, 4.0 Hz, 2H), 4.12 – 4.05 (m, 4H), 1.28 – 1.15 (m, 12H), 1.13 – 1.06 (m, 8H), 0.96 (d, J = 6.2 Hz, 6H), 0.76 (d, J = 6.6 Hz, 12H). MALDI-TOF MS (m/z): 909.4
(ʀ,ʀ)-DPP6T 1H NMR (400 MHz, THF–d8) δ 9.00 (d, J = 4.1 Hz, 2H), 7.38 (d, J = 4.2 Hz, 2H), 7.33 – 7.26 (m, 4H), 7.21 (d, J = 3.3 Hz, 2H), 7.14 (d, J = 3.8 Hz, 2H), 6.99 – 6.91 (m, 2H), 4.14 – 4.03 (m, 4H), 1.27 – 1.15 (m, 12H), 1.09 (dd, J = 14.6, 7.3 Hz, 8H), 0.96 (d, J = 6.0 Hz, 6H), 0.76 (d, J = 6.5 Hz, 12H). MALDI-TOF MS (m/z): 909.4



[bookmark: _Hlk41985602][bookmark: _Hlk42502361]Supplementary Method 2. Self-assembly of helical nanofibers by (s,s,s,s) and (ʀ,ʀ,ʀ,ʀ)-DPP6T in solution
Fast solution mixing self-assembly method was employed here to simulate the fast aggregation of DPP6T molecules in unlimited space. In brief, 1×10-8 mole  (s,s,s,s)-DPP6T or (ʀ,ʀ,ʀ,ʀ)-DPP6T was well dissolved in 1 mL chloroform as good solvent in a tube and 9 mL methanol as poor solvent was then added all at once in the tube. Once the poor solvent was added, the tube was sealed and shook for 5 s for fast mixing. Then the tube was kept in steady and fibril precipitation was observed in the mixed solution immediately. The precipitation was dip-coated on silicon wafer for SEM, and the suspension was applied to CD and UV characterization without further treatment. The baseline for CD and UV was the mixed soliton of chloroform and methanol with volume ratio of 1:9 in the quartz cuvette.


Supplementary Note
Supplementary Note 1. Details on the derivations of CPL detection parameters
To obtain more insight into the CPL detection performance, we explore how light intensity influence the difference of Jsc, R and D* under l-, r-CPL illumination, further studying the effect on gsc, gD*, gR. We measured the Jsc of OSCs device characteristics under different irradiation intensity (L). The data at short circuit show that  (α1 in OSCs), where the data are plotted on a log-log scale and fit to a power law. Powers less than 1 could result from bimolecular recombination, space charge effects, variations in mobility between the two carriers or variations in the continuous distribution in the density of states.2,3
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where a, b are constants.
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The l-, r-CPL is illuminated on the same cell of OSCs, so α1=α2=α (α1). According to the above formula derivation, we get the formula of the difference of J, R, and D* as follows,
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According to formula (5), (6), (7), in an ideal condition, we can deduce that the difference of J is positively correlated to the light intensity L, while the difference of R and D* showed a negative correlation with the L.
Furthermore, the formula of gsc, gD*, and gR are as follows,
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	(10)


According to formula (8), (9), (10), we can conclude that gsc, gD* and gR are independent of L, so we can conveniently compare the CPL detection performance in different systems by virtue of these three parameters in the practical applications.
The above formula derivations are under an ideal condition, in our systems the few data points may increase the error in curve fitting considering the limited intensity ranges of our light source, so the actual results will deviate from predicted tendency in some extent.


[bookmark: _Hlk42017407]Supplementary Tables
Supplementary Table 1. Device performance of chiral (ʀ,ʀ,ʀ,ʀ)- (s,s,s,s)-, (ʀ,ʀ)-, and (s,s)-DPP6T donors blended with PC61BM acceptors
	[bookmark: _Hlk39092715]D:A
	Voc (V)
	Jsc 
(mA cm−2)
	FF (%)
	PCEMax (%)
	PCEAve 
(%)a

	(ʀ,ʀ,ʀ,ʀ):PC61BM
	0.62
	3.83
	56.29
	1.34
	1.30 (± 0.04)

	(s,s,s,s):PC61BM
	0.63
	3.66
	55.24
	1.28
	1.26 (± 0.02)

	(ʀ,ʀ):PC61BM
	0.65
	8.18
	37.74
	2.01
	1.94 (± 0.07)

	(s,s):PC61BM
	0.66
	7.91
	36.84
	1.91
	1.86 (± 0.05)


aThe average PCE values were obtained from 10 devices. 


Supplementary Table 2. Device performance of chiral (s,s,s,s)-DPP6T donors blended with non-fullerene acceptors and PC71BM acceptors
	D:A
	Voc 
(V)
	Jsc 
(mA cm−2)
	FF 
(%)
	PCE 
(%)

	(s,s,s,s):IDIC
	0.60
	3.06
	46.32
	0.85

	(s,s,s,s):IEICO-4F
	0.59
	2.93
	42.75
	0.74

	(s,s,s,s):PC71BM
	0.63
	2.75
	51.89
	0.90





Supplementary Table 3. Device optimization of (s,s,s,s)-DPP6T:PC61BM, (s,s)-DPP6T:PC61BM-based OSCs with different rotation speed
	D:A
	rotation speed
(rpm)
	Voc 
(V)
	Jsc 
(mA cm−2)
	FF 
(%)
	PCE 
(%)

	(s,s,s,s):PC61BM
	2500
	0.64
	5.50
	55.93
	1.97

	(s,s,s,s): PC61BM
	1500
	0.62
	3.96
	51.75
	1.27

	(s,s):PC61BM
	2500
	0.67
	9.43
	41.13
	2.58

	(s,s):PC61BM
	1500
	0.65
	8.01
	35.55
	1.86





Supplementary Table 4. The comparisons of CPL detection performance among different material systems
	material systems
	Si-
based
	silver metamaterials
	1D-
perovskite
	quasi 2D-perovskite
	chiral helicene
	chiral squaraine derivates
	our materials

	CD
(g-factor)
	-
	0.9
(−)
	200
(0.02)
	15
(−)
	130
(−)
	
(0.09)
	176
(0.012)

	gdetection
	-
	
	0.1
	0.11
	
	0.1
	0.17

	R
(A W−1)
	1
	0.0022
	0.797
	3.8
	0.01
	
	0.36

	D*
(Jones)
	1012
	
	[bookmark: _Hlk39856850]7.1 × 1011
	1.1 ×1012
	
	
	1.94×1013

	ΔR
(A W−1)
	-
	0.0015
	0.01
	
	
	
	0.04




Supplementary Reference:
1. Xiao, W.-J. et al. Interconnecting semiconducting molecules with non-conjugated soft linkers: a way to improve film formation quality without sacrifice in charge mobility. Rsc Adv. 8, 23546-23554 (2018).
2. Koster, L. J. A., Mihailetchi, V. D., Xie, H. & Blom, P. W. M. Origin of the light intensity dependence of the short-circuit current of polymer/fullerene solar cells. Appl. Phys. Lett. 87, 203502 (2005).
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