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Fig. S1 The schematic diagram of the device architecture.

[bookmark: _Hlk209424909]Table S1 Photovoltaic parameters of spin-coated OSCs, fabricated though different solvents, under AM1.5G 100 mW/cm2 illumination
	Condition
	VOC (V)
	JSC (mA/cm2)
	FF (%)
	PCE (%)

	CF
	0.832
	26.57
	73.79
	16.31

	
	0.829±0.003
	25.95±0.62
	73.84±0.59
	15.88±0.40

	[bookmark: _Hlk219275992]oDCB
	0.832
	24.24
	71.58
	14.43

	
	0.835±0.006
	24.08±0.11
	70.97±0.53
	14.27±0.12


[image: ]
Fig. S2 2D-GIWAXS patterns of the spin-coated films processed from a CF, and b oDCB. c Corresponding line-cut profiles in the OOP directions of the 010 peak. d The face-on ratio calculated from the pole figure of the 010 peak.
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Fig. S3 Microscope images of films prepared by printing under different conditions.
[image: ]

Fig. S4 The schematic diagram of the films prepared by printing under different conditions. a Control, b Overlap, c Overlap-DIO, d Overlap-BN, respectively.
[image: ]
Fig. S5 Thickness test for films prepared by printing under different conditions. a Control, and b Overlap.


[image: ]
Fig. S6 AFM height images for printed (a-c) PBDB-T-2F neat films and (d-f) BTP-BO-4Cl neat films fabricated though different additives. 
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Fig. S7 The AFM height images of blend PBDB-T-2F:BTP-BO-4Cl films fabricated by spin-coating.
[image: ]
Fig. S8 2D-GIWAXS patterns of the printed films processed from a 80 µm, b 70 µm, c 60 µm, d 50 µm, e 40 µm, and f 30 µm. g Corresponding line-cut profiles in the OOP directions of the 010 peak. h The face-on ratio calculated from the pole figure of the 010 peak.
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Fig. S9 Simulated GIWAXS.
[image: ]
Fig. S10 2D-GIWAXS patterns of the printed films processed from a 30 ℃, b 35 ℃, c 40 ℃, and d 45 ℃. e Corresponding line-cut profiles in the OOP directions of the 010 peak. f The face-on ratio calculated from the pole figure of the 010 peak. 

[image: ]
Fig. S11 2D-GIWAXS patterns of the printed films processed via printing on a a substrate at 30 ℃, and b a substrate at 30 ℃ followed by thermal annealing (30 ℃+TA). c Corresponding line-cut profiles in the OOP directions of the 010 peak. d The face-on ratio calculated from the pole figure of the 010 peak.



Table S2 GIWAXS parameters in the in-plane direction of printed films fabricated using different processing methods, including q, d-spacing, FWHM, and CCLs
	
	
	Location(Å-1)
	d-spacing(Å)
	FWHM(Å-1)
	CCL(Å)

	IP
	Control
	
	
	
	

	
	Overlap
	0.21
	29.40
	0.04
	149.60

	
	Overlap-DIO
	0.22
	28.81
	0.04
	141.94

	
	Overlap-BN
	
	
	
	

	
	Control
	0.29
	21.32
	0.06
	101.76

	
	Overlap
	0.29
	21.92
	0.04
	128.66

	
	Overlap-DIO
	0.29
	21.91
	0.04
	144.22

	
	Overlap-BN
	0.30
	21.10
	0.05
	118.59

	
	Control
	
	
	
	

	
	Overlap
	0.42
	14.85
	0.06
	94.09

	
	Overlap-DIO
	0.43
	14.77
	0.04
	156.65

	
	Overlap-BN
	
	
	
	

	
	Control
	
	
	
	

	
	Overlap
	0.52
	12.17
	0.06
	101.04

	
	Overlap-DIO
	0.52
	12.13
	0.06
	92.76

	
	Overlap-BN
	
	
	
	



Table S3 GIWAXS parameters in the out-of-plane direction of printed films fabricated using different processing methods, including q, d-spacing, FWHM, and CCLs
	
	
	Location(Å-1)
	d-spacing(Å)
	FWHM(Å-1)
	CCL(Å)

	OOP
	Control
	0.32 
	19.68 
	0.07 
	84.52 

	
	Overlap
	0.32 
	19.85 
	0.08
	69.61 

	
	Overlap-DIO
	0.31 
	20.26 
	0.05
	118.12 

	
	Overlap-BN
	0.32 
	19.83 
	0.07 
	86.51 

	
	Control
	
	
	
	

	
	Overlap
	0.52 
	12.08 
	0.11 
	51.76 

	
	Overlap-DIO
	0.52 
	12.09
	0.05 
	118.12 

	
	Overlap-BN
	
	
	
	

	
	Control
	0.96 
	6.57 
	0.59 
	9.53 

	
	Overlap
	
	
	
	

	
	Overlap-DIO
	
	
	
	

	
	Overlap-BN
	0.94 
	6.67 
	0.06 
	98.88 

	
	Control
	
	
	
	

	
	Overlap
	1.50 
	4.17 
	0.35 
	16.09

	
	Overlap-DIO
	1.49 
	4.21 
	0.40 
	14.30 

	
	Overlap-BN
	
	
	
	

	
	Control
	1.76 
	3.56 
	0.45
	12.45

	
	Overlap
	1.81 
	3.51 
	0.21 
	26.29 

	
	Overlap-DIO
	1.83 
	3.48 
	0.83 
	6.84 

	
	Overlap-BN
	1.77 
	3.52 
	0.17 
	33.56 




[image: ]
Fig. S12 2D-GIWAXS patterns of the spin-coated films processed with a DIO (SC-DIO), and b BN (SC-BN). c Corresponding line-cut profiles in the OOP directions of the 010 peak. d The face-on ratio calculated from the pole figure of the 010 peak.

[image: ]
Fig. S13 TEM images of the printed films processed under a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively.

[image: ]
[bookmark: OLE_LINK63]Fig. S14 2D GISAXS patterns of the printed films processed under a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively. e GISAXS intensity profiles of the corresponding films along the Q axis.

[bookmark: OLE_LINK217]Table S4. Morphology parameters fitted by the GISAXS profiles
	Sample
	Large domain size
(nm)
	Middle domain size
(nm)
	Small domain size
(nm)

	Control
	25.9±0.7
	18.9±0.6
	7.9±0.7

	Overlap
	58.4±1.0
	23.5±0.8
	18.7±0.7

	Overlap-DIO
	88.5±0.9
	35.8±0.6
	31.1±1.1

	Overlap-BN
	40.4±0.7
	20.3±1.0
	9.8±0.4



[image: ]
Fig. S15 Normalized UV-vis absorption spectra of printed films fabricated though different processing methods.
[image: ]
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]Fig. S16 Normalized UV-vis absorption spectra of printed PBDB-T-2F neat films and BTP-BO-4Cl neat films fabricated though different additives. 

[image: ]
Fig. S17 Normalized UV-vis absorption spectra of spin-coated films fabricated though different additives.
[image: ]
[bookmark: _Hlk211366401]Fig. S18 PLE spectroscopy patterns of the blend films processed from Control, and Overlap. 
[image: ]
Fig. S19 Results of molecular dynamics simulations (MDS) processed from  Control, Overlap, Overlap-DIO, and Overlap-BN, respectively.


Table S5 The resulting molecular packing parameters.
	Condition
	Backbone
atoms
	Backbone
packing units
	Backbone
packing ratio
	Alkyl chain
atoms
	Alkyl chain
packing units
	Alkyl chain
packing ratio

	Control
	
	
	1.47
	
	
	1.84

	Redissolved
	
	
	1.56
	
	
	1.91

	Redissolved with DIO
	27600
	43766
	1.59
	18400
	39748
	2.16

	Redissolved with BN
	27600
	45396
	1.65
	18400
	36496
	1.98



[image: ]
Fig. S20 Calculated Flory-Huggins interaction parameter.

Table S6 Calculated Flory-Huggins interaction parameter
	Condition
	δD
	δP
	δH
	Molar Volume
(cm3 /mol)
	χPBDB-T-2F-Solvenr
	χBTP-BO-4Cl-Solvenr
	Boiling point
(℃)

	PBDB-T-2F
	18.8
	2.1
	5.1
	985.5
	/
	/
	/

	BTP-BO-4Cl
	21.7
	2.8
	7.2
	1252.0
	/
	/
	/

	ortho-dichlorobenzene
	19.2
	6.3
	3.3
	112.8
	0.25
	0.60
	182

	1,8-Diiodooctane
	18.4
	3.7
	5.0
	192.0
	0.06
	0.95
	333

	1-Bromonaphthalene
	20.3 
	3.1 
	4.1 
	140.0 
	0.16
	0.25
	281


[bookmark: _Hlk195877351]


Table S7 Performance parameters of inverted PBDB-T-2F:BTP-BO-4Cl OSCs with active layers fabricated from inkjet printing at different deposition temperatures
	Temperatures
(℃)
	VOC
(V)
	JSC
(mA/cm2)
	FF
(%)
	PCE
(%)

	30
	0.807
	23.68
	54.70
	10.45

	
	0.801±0.005
	22.41±0.92
	54.34±2.29
	9.77±0.72

	35
	0.806
	23.83
	65.07
	12.49

	
	0.809±0.005
	23.11±0.98
	62.82±1.23
	12.08±0.36

	40
	0.814
	23.80
	68.83
	13.34

	
	0.814±0.002
	23.32±0.43
	69.14±1.05
	13.14±0.18

	45
	0.814
	22.33
	67.75
	12.32

	
	0.811±0.004
	21.43±0.66
	68.17±0.95
	11.85±0.46



[image: ]
Fig. S21 a J-V characteristics, b EQE spectra of the inkjet-printed devices from different temperatures.

[image: ]
Fig. S22 a VOC as a function of light intensity, and b JSC as a function of light intensity of PBDB-T-2F:BTP-BO-4Cl fabricated though different processing methods.

[image: ]
Fig. S23 Calculation of the optical bandgap of the inkjet-printed films processed from a Control, b Overlap, c Overlap-DIO, and d Overlap-BN by using the maximum point of the derivative of the EQE spectra (dEQE/dE), respectively.

[image: ]
Fig. S24 EQEEL of PBDB-T-2F:BTP-BO-4Cl fabricated though different processing methods.

[image: ]
Fig. S25 FTPS-EQE spectra of the corresponding inkjet-printed OSCs. a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively. Eu is Urbach energy, which is obtained from the FTPS-EQE curves with the exponential fitting(𝛼(𝐸) = 𝛼0 ∙ exp ((𝐸-𝐸g) /𝐸u)). where 𝛼(E) is the absorption coefficient, E is the photon energy, and 𝛼0 and Eg are two constants[S1, S2].

[image: ]
Fig. S26 a Lifetime and b charge-carriers density under different VOC conditions. c Carrier lifetime versus charge density. d Bimolecular charge recombination rates (krec) versus charge density of inkjet-printed OSCs fabricated though different processing methods.
[image: ]
Fig. S27 a J-V curves, b corresponding EQE spectra of the spin-coated devices though different additives.
Table S8 Performance parameters of inverted OSCs with active layers fabricated from spin coating with different additive, under AM 1.5 G 100 mW/cm2 illumination
	Condition
	VOC
(V)
	JSC
(mA/cm2)
	FF
(%)
	PCE
(%)

	SC
	0.832
	24.24
	71.58
	14.43

	
	0.835±0.006
	24.08±0.11
	70.97±0.53
	14.27±0.12

	SC-DIO
	0.836
	24.03
	71.30
	14.33

	
	0.824±0.06
	24.23±0.27
	70.21±1.33
	14.03±0.28

	SC-BN
	0.831
	24.79
	70.07
	14.44

	
	0.833±0.04
	24.52±0.27
	68.94±1.52
	14.08±0.41



[image: ]
Fig. S28 2D-GIWAXS patterns of the PBDB-T-2F:N3 films processed from a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively. e Corresponding line-cut profiles in the OOP directions of the 010 peak. f The face-on ratio calculated from the pole figure of the 010 peak.
[image: ]
Fig. S29 2D-GIWAXS patterns of the PBDB-T-2F:BTP-eC9 films processed from a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively. e Corresponding line-cut profiles in the OOP directions of the 010 peak. f The face-on ratio calculated from the pole figure of the 010 peak.
[image: ]
Fig. S30  2D-GIWAXS patterns of the PBDB-T-2F:L8-BO films processed from a Control, b Overlap, c Overlap-DIO, and d Overlap-BN, respectively. e Corresponding line-cut profiles in the OOP directions of the 010 peak. f The face-on ratio calculated from the pole figure of the 010 peak.
[image: ]
Fig. S31  Normalized UV-vis absorption spectra of the films processed from a PBDB-T-2F:N3, b PBDB-T-2F:BTP-eC9, c PBDB-T-2F:L8-BO.


[image: ]
Fig. S32  In situ UV-vis absorption spectroscopy of the PBDB-T-2F:BTP-eC9 films processed with a DIO, and b BN. In situ UV-vis absorption of PBDB-T-2F:BTP-eC9films processed with c DIO, and d BN evolution from the solution to the film. Changes in the peak position and the 0-1/0-0 intensity ratio of BTP-eC9 processed with e DIO, and f BN. 
[image: ]
Fig. S33 In situ UV-vis absorption spectroscopy of the PBDB-T-2F:L8-BO films processed with a DIO, and b BN. In situ UV-vis absorption of PBDB-T-2F:L8-BO films processed with c DIO, and d BN evolution from the solution to the film. Changes in the peak position and the 0-1/0-0 intensity ratio of L8-BO processed with e DIO, and f BN. 
[image: ]
[bookmark: OLE_LINK64]Fig. S34  2D-GIWAXS patterns of the PBDB-T-2F:BTP-BO-4Cl films processed from Overlap-FN, and Overlap-CN. 

Table S9 Calculated Flory-Huggins interaction parameter
	Additive
	δD
	δP
	δH
	Molar Volume
(cm3 /mol)
	χPBDB-T-2F-Solvenr
	χBTP-BO-4Cl-Solvenr
	Boiling point
(℃)

	FN
	19.5 
	5.5 
	3.0 
	129.1 
	0.23
	0.41
	215

	CN
	19.9 
	4.9 
	2.5 
	136.2 
	0.27
	0.54
	260



[image: ]
Fig. S35 Surface Area of FN, and CN molecule within Different Electrostatic Potential Intervals [S3-S10].
[image: ]
Fig. S36 AFM height images of the blend films inkjet-printed from a FN, and b CN.

Table S10 Performance parameters of conventional-structure OSCs with active layers fabricated from inkjet printing with different additive, under AM 1.5 G 100 mW/cm2 illumination
	
	Condition
	VOC
(V)
	JSC
(mA/cm2)
	FF
(%)
	PCE
(%)

	PBDB-T-2F:
BTP-BO-4Cl
	Overlap
	0.822
	25.91
	69.56
	14.81

	
	
	0.824±0.002
	25.07±0.68
	70.24±1.62
	14.51±0.27

	
	Overlap-BN
	0.836
	27.10
	72.85
	16.50

	
	
	0.835±0.001
	26.53±0.35
	72.95±1.12
	16.16±0.35

	PBDB-T-2F:BTP-BO-4Cl:PC61BM
	Overlap
	0.836
	26.79
	72.19
	16.16

	
	
	0.834±0.003
	26.54±0.37
	71.86±1.64
	15.90±0.22

	
	Overlap-BN
	0.843
	27.72
	75.22
	17.57

	
	
	0.839±0.004
	27.72±0.18
	73.99±0.85
	17.20±0.24




[image: ]
Fig. S37 The Schematic diagram of the OSC module, illustrating the series-connected sub-cells and layer configuration: ITO/ETL/active layer/HTL/Al.

Table S11 Photovoltaic parameters of inkjet printed mudules, under AM 1.5 G 100 mW/cm2 illumination
	Condition
	VOC
(V)
	JSC
(mA/cm2)
	FF
(%)
	PCE
(%)

	module
	7.048
	2.67
	69.29
	13.04

	
	6.873±0.257
	2.67±0.02
	64.53±3.79
	11.92±0.95
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C ondition  V OC  (V)  J SC  (mA/cm 2 )  FF (%)  PCE (%)  

CF  0.832  26.57  73.79  16.31  

0.829±0.003  25.95±0.62  73.84±0.59  15.88±0.40  

oDCB  0.832  24.24  71.58  14.43  

0.835±0.006  24.08±0.11  70.97±0.53  14.27±0.12  

