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S1 Materials and Methods

Instrument. UV-vis absorption spectra were recorded on a U-4100 (HITACHI) UV-vis
spectrophotometer. Topographic images of the films were obtained on a
VeecoMultiMode atomic force microscopy (AFM) in the tapping mode using an etched
silicon cantilever at a nominal load of ~2 nN, and the scanning rate for a 10 um x 10
um image size was 1.5 Hz and for a 1 um x 1 pm image size was 1.0 Hz.

Materials. PM6, Y6 and PDINN were purchased from Solarmer Inc. L8-BO was
purchased from Chasing Light Technology Company Limited. PEDOT:PSS was
purchased from Heraeus Company Limited. Fatty acids (FAs) with different carbon
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chain lengths were purchased from Aladdin Inc. The fusion temperature of FA-C9, FA-
C12, and FA-C161s 304 K, 315 K, and 333 K, respectively, and their boiling points are
422 K, 509 K, and 500 K, respectively. All reagents and solvents were purchased from
commercial sources and were used without further purification.

L8-BO

Equation for Js. to Piignr.
Jsc % Plignt (SD)

Charge Carrier Mobility Measurements. The charge carrier mobilities of blend films
were measured using the space charge limited current (SCLC) method. Hole-only
devices were fabricated in a structure of ITO/PEDOT:PSS/Active Layer/MoOs/Ag,
electron-only devices were fabricated in a structure of ITO/ZnO/Active
Layer/PDINN/Ag. The device characteristics were extracted by modeling the dark
current under forward bias using the SCLC expression described by the Mott-Gurney
law [1]:

VZ

9
] =3g&eott 3

(82)

Here, &. = 3 is the average dielectric constant of the blend film, &, is the
permittivity of the free space, p is the carrier mobility, L is the thickness of the film,
and V is the applied voltage.

Exciton Dissociation Probability (Psss) and Charge Collection Probability (Pcon)
Calculation. The current density under illumination (J;) and in the dark (Jp) with the
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change of voltage are investigated. The photocurrent density (Jy#) could be calculated
by the equation of

]ph =J.—JIp (S3)

The voltage in which the generated J, is zero is called bias voltage (V3:), and the
effective voltage (Vep) is defined as

Veff = Vbi -V (S4)
where V' is the changeable applied voltage. Paiss is decided by the equation

Paiss = Jsc / Jsat (S5)

where Jsu 1s the saturate photocurrent density at high Vey. Similarly, Peon could be
estimated by the equation

Paiss = Jmax / Jsat (S6)

where Jyqx 1S the current density when device reaches maximum output power [2].

Time-of-Flight Secondary Ion Mass Spectrometry (TOF-SIMS) Measurements.
Cs" was used as the sputter source with a 500 eV energy and 40 nA current. The typical
sputter area was 200 um by 200 pm.

Surface Tension Measurements. Contact angle measurements were performed using
water and diiodomethane by sessile drop analysis.

The Flory-Huggins Interaction Parameter Calculation.

xP1e = (fyP = Jyaaa)’ (S7)

GISAXS/GIWAXS measurements. GISAXS/GIWAXS measurements were carried
out with a Xeuss 2.0 SAXS/WAXS laboratory beamline using a Cu X-ray source (8.05
keV, 1.54 A) and a Pilatus3R 300K detector. The incidence angle is 0.2°. The thin film
samples (including pure and blend films) were prepared on Si wafer substrates by spin
coating the precursor solutions.
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S2 Supplementary Figures and Tables
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Fig. S1 Photostability of the BC-type, LBL-type and SAA-LBL-type devices with MPP
tracking under 1 sun illumination
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Fig. S2 The dependence of a V,c and b Ji. on light intensity (Pjgn/) of BC-type, LBL-
type and SAA-LBL-type devices. SCLC curves of ¢ hole-only and d electron-only BC-
type, LBL-type and SAA-LBL-type devices
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Fig. S3 Jyi-Ve curves for BC-type, LBL-type and SAA-LBL-type devices
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Fig. S4 UV-Vis spectra of pristine PM6 film, PM6/FA-C12 blend film and blend film
after chloroform wash
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Fig. S5 a, b Thickness of different positions for PM6/FA-C12 film before and after
chloroform washing. AFM height images of PM6/FA-C12 film ¢ before and d after
chloroform washing

— PM6+FA-C12 : CF
— PM6+FA-C12
— PM6+FA-C12:Y6+CF

1000 1500 2000 2500 3000 3500
Wavenumber (cm™)

Transmittance (% a.u.)

Fig. S6 ATR-FTIR spectra of PM6 films treated with different operations
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Fig. S7 Contact angle images of pristine a, e PM6, b, f FA-C9, ¢, g FA-C12, and d, h
FA-C16 films with water and diiodomethane droplet on top

SAA-LBL- SAA-LBL-
type/FA-C9 ) type/FA-C12

SAA-LBL-
type/FA-C16

Fig. S8 GISAXS images of a LBL-type, b SAA-LBL-type/FA-C9, ¢ SAA-LBL-
type/FA-C12, d SAA-LBL-type/FA-C16 and e BC-type blend films
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Fig. S9 Linecut and fitting curves for GISAXS intensity of the corresponding films
along the qr axis
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Fig. S10 The dependence of a V. and b Jsc on light intensity (Piign) of SAA-LBL-type
devices regulated by FA-C12, FA-C16 and FA-C9
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Fig. S11 J,;- Ve curves for SAA-LBL-type devices regulated by FA-C12, FA-C16 and

FA-C9
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Fig. S12 AFM height images of a pristine PM6 film, b PM6 film with 5% FA-C12, ¢
PM6 film with 10% FA-C12, and d PM6 film with 15% FA-C12. Line profiles of 1 pm
x 1 um AFM signals of e pristine PM6 film, f PM6 film with 5% FA-C12, g PM6 film

J,n (MA/cm?)

10

15}/ —=—SAA-LBLtype/FA-C12 0.995 0.901 |
—s— SAA-LBL-type/FA-C16 0.986 0.890
—a— SAA-LBL-type/FA-C9  0.990 0.894

0.1

4.2nm

-4.4 nm

| 45mm

-5.0 nm

\N\/W

0 50 100 150 200 250 300
Line distance

~—Line 1

%

0 50 100 150 200 250 300
Line distance

Veff (V)

(d)

(f)

Intensity (a.u.)

(h)

Intensity (a.u.)

1

5.0 nm

-5.0 nm

5.0 nm

-5.0 nm

0 50 100 150 200 250 300
Line distance

A ]

—Line 1

0 50 100 150 200 250 300
Line distance

with 10% FA-C12, h PM6 film with 15% FA-C12

S9/514



Nano-Micro Letters

Fig. S13 a J-V and b EQE curves
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Fig. S14 TA traces of a LBL-type, b SAA-LBL-type, and ¢ BC-type blend films probed
at different wavelengths
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Fig. S15 J-V curves of LBL-type and SAA- LBL-type devices based on PM6:L8BO
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Table S1 Comparison of device parameters between this work and references

Jse (mA/cm?) PCE (%) Ref.
27.74 18.16 Text
27.01 17.44 [3]
26.42 16.22 [4]
27.68 17.18 [5]
26.49 17.02 [6]
26.78 17.9 [7]
27.99 17.01 [8]
26.6 17.2 [9]
27.1 17.6 [10]
26.5 17.36 [11]
26.88 17.4 [12]
26.52 16.53 [13]
26.95 17.73 [14]
27.46 18.01 [15]
26.15 17.48 [16]
26.43 17.59 [17]
26.4 17.6 [18]
25.2 16.8 [19]
27.0 17.6 [20]

Table S2 Photovoltaic parameters of the BC-type devices based on PM6:Y6 blends

with 10% (w/w) FAs

Solid additive

/

FA-C5

FA-CI12

FA-C16

Ve (V)
0.85
(0.8520.002)
0.85
(0.8520.002)
0.85
(0.8520.002)
0.85
(0.8520.002)

Jse (mA/cm?)
26.66
(26.69+0.15)
26.54
(26.38+0.13)
26.27
(26.110.18)
26.05
(25.87+0.20)

FF (%)
74.1 (74.240.17)

73.7 (73.5+0.16)

76.0 (75.9+0.12)

75.2 (73.540.15)

PCE (%)
16.80
(16.87+0.13)
16.65
(16.53+0.14)
16.89
(16.69+0.17)
16.59
(16.4120.19)

Table S3 Summary of contact angles (), surface tensions (y), and Flory—Huggins

interaction parameters (y) for PM6, FA-C9, FA-C12, and FA-C16 films

Surface

PM6

FA-C9
FA-C12
FA-C16

Owater (°)
99.4
71.8
85.2
104.9

Odiiodomethane (°)
52.1
61.9
65.7
68.5

y (mN/m)
34.9
34.6
27.5
239

D-Add

0.0073
0.31
0.82
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Table S4 Crystal coherence lengths of the (100) peak and the d-spacing for pristine
PM6, PM6/FA-C12 and pristine Y6 films

Active Layer Location /A d-spacing /A FWHM/AL CCL/A
PM6 0.28 22.4 0.148 38.2
PM6/FA-C12 0.28 22.4 0.160 353
Y6 0.31 20.3 0.259 21.8

Table SS Crystal coherence lengths of the (010) peak and the d-spacing for pristine
PM6, PM6/FA-C12 and pristine Y6 films

Active Layer Location /A d-spacing /A FWHM/AL CCL/A
PM6 1.69 22.4 0.353 16.0
PM6/FA-C12 / / / /
Y6 1.81 3.47 0.385 14.7

Table S6 Crystal coherence lengths of the (100) peak and the d-spacing for BC-type,
LBL-type and SAA-LBL-type films

Active Layer Location /A’ d-spacing /A FWHM/AL CCL/A
BC-type 0.29 21.7 0.199 28.4
LBL-type 0.28 22.4 0.180 314
SAA-LBL-type 0.29 22.0 0.163 34.7

Table S7 Crystal coherence lengths of the (010) peak and the d-spacing for BC-type,
LBL-type and SAA-LBL-type films

Active Layer Location /A’ d-spacing /A FWHM/AL CCL/A
BC-type 1.73 3.63 0.485 11.7
LBL-type 1.74 3.61 0.492 11.5

SAA-LBL-type 1.76 3.57 0.543 10.4
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