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Figure S1. J-V characteristics of devices with 1.2:1.5 D/A ratio, corre-
sponding to the points in Figure 1 d).

Absorption spectra

Figure S2. Absorption spectra of PTB7-TH and IEICO-4 blends with
different D/A ratios.



Figure S3. Absorption spectra of PTB7-TH and IEICO-4 blends with
0.6:1.5 and 1.2:1.5 D/A ratios with 125 kDa and 57 kDa molecular weight
PTB7-TH.

D/A Ratio

Table S1. Fabrication yield for devices with High and Low Molecular Weight
PTB7-Th at various donor ratios: The table shows the percentage of suc-
cessfully fabricated devices for each combination of D/A ratio and molecular
weight (M,,). Only devices fabricated using the same method and conditions
are included, excluding samples from the broader upscaling study.

D/A Ratio 0.4:1.5 | 0.4:1.5 | 0.6:1.5 | 0.6:1.5 | 1.0:1.5 | 1.0:1.5 | 1.2:1.5 | 1.2:1.5 | 1.5:1.5 | 1.5:1.5
M, (kDa) High Low High Low High Low High Low High Low
Yield (%) 63 21 83 71 80 80 73 67 91 25

Total num. of devices 24 24 48 48 24 24 72 72 24 24




Molecular Weight

Figure S4. FF (%) and AL thickness (dif. size symbols) of organic solar
cells with 57 kDa (triangles) and 125 kDa (stars) molecular weigth PTB7-TH
at various D/A ratios in weight.



Figure S5. J,. (mA/cm?) and AL thickness (dif. size symbols) of organic
solar cells with 57 kDa (triangles) and 125 kDa (stars) molecular weigth
PTB7-TH at various D/A ratios in weight.

Figure S6. V,. (V) and AL thickness (dif. size symbols) of organic solar
cells with 57 kDa (triangles) and 125 kDa (stars) molecular weigth PTB7-TH
at various D/A ratios in weight.



Figure S7. R, (Ohm) and AL thickness (dif. size symbols) of organic solar
cells with 57 kDa (triangles) and 125 kDa (stars) molecular weigth PTB7-TH
at various D/A ratios in weight.

Figure S8. Ry, (Ohm) and AL thickness (dif. size symbols) of organic solar
cells with 57 kDa (triangles) and 125 kDa (stars) molecular weigth PTB7-TH
at various D/A ratios in weight.



Generality of Concepts

Figure S9. Photovoltaic parameters of PTQ10:DTY6 devices as a function
of active layer thickness (pixel) for three donor molecular weights (63, 120
and 147 kDa) and two donor/acceptor ratios (1.2 and 0.6). Panels show the
evolution of (a, b) PCE, (c, d) fill factor and (e, f) short-circuit current den-
sity for 1.2:1.5 D/A ratio (a, ¢, e) and 0.6:1.5 D/A ratio (b, d, f). Thickness
increase with the number of pixels.



Figure S10. Photovoltaic parameters of PTB7-Th/COTIC-4F and PTB7-
Th/Y6 devices as a function of active layer thickness (nm) for two donor
molecular weights (57.5 and 125.2 kDa) and 0.6/1.5 donor/acceptor ratio.
Panels show the evolution of (a, b) PCE, (c, d) fill factor and (e, f) short-
circuit current density for COTIC-4F acceptor system (a, ¢, e) and Y6 ac-
ceptor system (b, d, f).



Shelf Lifetime Analysis

Figure S11. One-year ISOS-D-1 dark-storage stability of encapsulated
PTB7-Th:IEICO-4F devices. Panels (a—d) show the evolution of PCE as
a function of active layer (AL) thickness (Pixel) for the four representative
cases: (a) 1.2 High Mw, (b) 0.6 High Mw, (c) 1.2 Low Mw and (d) 0.6 Low
Mw. Solid lines correspond to the initial measurement and dashed lines to
re-measure after 12 months of dark storage. Grey markers show the normal-
ized stability loss (1-(PCEly/PCEOQ)). Thickness increase with the number
of pixels.
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Figure S12. One-year ISOS-D-1 dark-storage stability of encapsulated
PTB7-Th:IEICO-4F devices. Panels (a—d) show the evolution of J,. as a
function of active layer (AL) thickness (Pixel) for the four representative
cases: (a) 1.2 High Mw, (b) 0.6 High Mw, (c) 1.2 Low Mw and (d) 0.6 Low
Mw. Solid lines correspond to the initial measurement and dashed lines to
re-measure after 12 months of dark storage. Grey markers show the normal-
ized stability loss (1-(JSC1/Jsc0)). Thickness increase with the number of
pixels.
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Table S2. Electrical parameters (Voc, Jsc, FF and PCE) of the optimal
pixel for each D/A ratio and molecular weight case before and after one year
of ISOS-D-1 dark storage. The percentage loss relative to the fresh device
is shown in parentheses next to each parameter. Losses are defined as (1-
(Parameterly / Parameter0)-100).

C Donor Mw Voc Jsc FF PCE
%€ Ratio (kDa) (V) mA /cm?2) (%) (%)
Fresh 19 195 0.69 23.5 64.0 10.3
After 1y ’ 0.68 (1.0%) 23.31 (1.0%) 54.0 (15.6%) 8.6 (16.8%)
Fresh 19 57 0.69 23.3 67.6 10.9
After 1y ’ 0.68 (0.8%) 22.8 (2.3%) 58.2(13.9%) 9.0 (17%)
Fresh 0.6 195 0.69 20.9 65.7 9.5
After 1y ’ 0.70 (-1.3%) 20.25 (3.2%) 55.3 (15.8%) 7.8 (17.9%)
Fresh 0.6 57 0.69 17.1 68.2 8.0
After 1y ’ 0.66 (5.0%) 174 (-1.8%) 56.0 (17.7%) 6.4 (20.0%)
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Grazing Incidence Wide-Angle X-ray Scatter-
ing (GIWAXS)

Figure S13. a).d) 2D GIWAXS diffractograms of neat PTB7-Th films of
distinct molecular weight, as deposited on silicon. b),e) The corresponding
out-of-plane and in-plane linecuts, with the arrows indicating the position of
the (010) reflection. c), f) Azimuthal analysis of the scattering intensity of
the (010) reflection, with the resulting area under the curve also indicated.
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Figure S14. Graphical representation of the dataset included in Table R1,
namely, Lc (a) and (d); g (b) and (e); S (c) and (f); and integrated (100)
and (010) peak areas along the azimuthal angle (g) and (h).
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Table S3. Collection of parameters derived from GIWAXS measurements
describing the coherence length (L.), the degree of paracrystallinity (g, %),
the Hermans orientation parameter (S) and the area of the (010) and (100)
peaks integrated azimuthally across the different D/A ratios and donor poly-
mer molecular weights explored in this work. Note that L., g and S have
been computed separately for D and A, and also for each characteristic peak

(100) or (010).

D/A ratio M, (kDa) Material Peak L. (nm) g (%) S A
(100) 4.0 302 -0.17 35
o PIBT-Th (010) 1.3 21,5 0.71 3.3
1:0
(100) 3.4 331 -0.04 4.0
125 PIBTTh (010) 1.4 21.0  0.69 4.1
PTB7-Th  (010) 1.0 245 056 6.8
- IEICO-4F  (010) 3.0 136 0.7 15
PTB7-Th  (100) 15.3 162 -024 7.1
IEICO-4F  (100) 12.0 16.4 -0.31 55
0.6:1.5 PTB7-Th  (010) 1.0 252 0.65 4.7
195 IEICO-4F  (010) 2.9 13.8  0.65 1.3
PTB7-Th  (100) 16.7 153 -0.34 127
IEICO-4F  (100) 12.4 16.1  -0.25 4.4
PTB7-Th  (010) 1.1 232 057 6.1
er IEICO-4F  (010) 2.8 141 082 1.3
PTB7-Th  (100) 14.1 16.5 -0.27 14.1
IEICO-4F  (100) 11.8 16.5 -0.30 4.7
1.2:1.5 PTB7-Th (010) 1.1 234 063 45
195 IEICO-4F  (010) 2.6 144 080 1.2
PTB7-Th  (100) 18.6 147  -030 8.1
IEICO-4F  (100) 9.2 18.8 -0.16 2.8

15



Transparency

(a) (b)

(c) (d)

Figure S15. Fill factor (FF) and Light Utilization Efficiency (LUE*) as a
function of active layer (AL) average visible transmittance (AVT) for devices
with PTB7-Th/IEICO-4F at a) 0.6:1.6 and b) 1.2:1.6. J,. and LUE* as a
function of AL AVT for devices with PTB7-Th/IEICO-4F at c¢) 0.6:1.6 and
d) 1.2:1.6 D/A ratio.
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(a) (b)

Figure S16. AVT and Power Conversion Efficiency (PCE) as a function
of AL thickness for devices with PTB7-Th/IEICO-4F at a) 0.6:1.6 and b)
1.2:1.6 D/A ratio.

Intermediate Molecular Weight

Figure S17. PCE (%) as a function of active layer average visual transmis-
sion for samples with different molecular weight donor composition.
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Upscaling

Table S4. Fabrication yield for devices with High and Low Molecular Weight
PTB7-Th at various donor ratios: The table shows the percentage of suc-
cessfully fabricated devices for each combination of D/A ratio and molecular
weight (M,,). All devices fabricated using different method and conditions
from upscaling study are included

Dp 06 | 0.6 | 1.2 | 1.2
M, (kDa) High | Low | High | Low
Yield (%) 65 20 66 67

Total num. of devices | 384 | 120 | 216 96
Additive content

(a) (b)

Figure S18. a) Diagram of the samples fabricated with different D/A ratios,
M,, and additive content.
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(a) (b)

Figure S19. Microscopy image (40x) showing white stains in the active
layer for a) 125 kDa and b) 57 kDa PTB7-TH M,, at 0.6:1.5 D/A ratio.

Figure S20. Raman spectra comparison between the white spots regions
with the normal active layer for a 0.6:1.5 D/A ratio and the higher M,
PTB7-TH
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Figure S21. Raman spectra comparison between the white spots regions
with the normal active layer for a 0.6:1.5 D/A ratio and the lower M,, PTB7-
TH
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Semitransparent Electrodes

Figure S22. J-V characteristics of semitransparent devices in Table 4.
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Table S5. Summary of the photovoltaic performance (PCE), average visi-
ble transmittance (AVT), and light utilization efficiency (LUE) of the best-
performing semitransparent device from this study, compared with represen-
tative literature values for PTB7-Th:IEICO-4F based systems.
values are reported for consistency. Key fabrication parameters—such as
active layer thickness, solvent, processing method, electron transport layer
(ETL), hole transport layer (HTL), TE (top electrode) materials and device
area are also included for reference. LBL (layer by layer deposition), APT
(average plant transmission).

Full-stack

T‘;i‘l::‘:fa(y;;) Solvent F‘}\l?ll:fl?:)l(f" Substrate ETL HTL Eleffrp() qo Area (mm®) PCE (%) AVT (%) LUE (%) Anti-reflective Ref.
Au (1 nm) This
x O-xylene blade-coating  Glass 70 MoOs (15um) 80 8.2 25.8 21 No .
Ag (20 nm) wor
Au (1 nm)
x CN/CB spin-coating  Class ZnO (30nm) MoOsx (10nm) 10.0 9.6 326 31 No 1
Ag (25 nm)
B Au (1 nm)
x . - spin-coating Glass Zn0O MoOx (7nm) 4.0 9.6 28.1 2.7 No 2
18-diiodooctane
Ag (10 nm)
100 CB:i-CN spin-coating  Glass $n03 (10nm) MoOsx (10nm) Ag (15 nm) 40 8.7 25.1 22 No 3
Au (1 nm)
x CGH5C spin-coating  Glass PEDOT:PSS PDIN 38 9.4 246 23 No 1
Ag (10 nm)
60 cB spin-coating  Class 210 WO3 (30nm) Ag (15nm) 16 70 467 (APT) 33 Yes 5
110 CB:DIO spin-coating  Glass PEDOT-PSS PEN-Br (sc) Ag (20nm) 5.2 108 205 3.2 Yes 6
PTB7-Th(40nm) T
o-xylene
§ - IEICO-4F -
IEICO-4F (55um) o spin-coating  Class ) MoO3 (7um) Ag (12 nm) 14 8.4 416 35 Yes 7
n-butanol
Bl L-chloronaphthalene
PTB7-Th(60nm) PTETTh
o-xylene .
) TEICO-AF : . Au (1 nm) .
IEICO-4F (70nm) o spin-coating  Glass ~ PEDOT:PSS (40nm) PNDIT-F3N-Br (5um) 10 8.3 210 17 No 8
) Ag (12 1m)
LBL n-butanol
L-chloronaphthalene
110 spin-coating  Glass 210 PEDOT:PSS (30um)  AgNWs-BM 6.9 7.1 330 24 No 9
x B spin-coating PET Zn0 MoOx (10nm) Au (1 nm) 100.0 100 342 34 No 10

Ag (15 nm)

Area
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Figure S23. PCE (%), FF (%), Voe (V), Jse (mA/em?), Ry (Ohm-cm?) and
R,h (Ohm-cm?) of devices as a function of device area for opaque configura-
tions with different AL thicknesses.



Figure S24. PCE (%), FF (%), Ve (V), Jse (mA/cm?), Ry (Ohm-cm?) and
Rsh (Ohm-cm?) of devices as a function of device area for semitransparent
configurations with different AL thicknesses.
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Figure S25. PCE (%) of devices as a function of device area for opaque (a)
and semitransparent (b) configurations with different AL thicknesses. The
filled star corresponds to the module PCE plotted at the area of a single
module subcell (0.5 cm?), while the open star represents the PCE of the full
module (2 cm?).
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(a)
(b) (c)

Figure S26. a)Microscopy 10x, b) light beam induced current (LBIC) and
c¢) Photoluminescence (PL) images of an 8 mm? pixel.

(a)

(b)

Figure S27. a)Microscopy 10x, b) LBIC and c) PL images of an 60 mm?
pixel.
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Raman

Figure S28. Raman spectra of the reference materials: PTB7-TH (125
kDa), PTB7-TH (57 kDa) and IEICO-4F

Figure S29. Raman spectra comparison between active layer blends with
125 kDa and 57 kDa M, PTB7-TH for a 0.6:1.5 and 1.2:1.5 D/A ratio
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PL

Figure S30. PL spectra of the reference materials: PTB7-TH (125 kDa),
PTB7-TH (57 kDa) and IEICO-4F
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Figure S31. PL spectra comparison between active layer blends with 125
kDa and 57 kDa M,, PTB7-TH for a 0.6:1.5 and 1.2:1.5 D/A ratio. Excitation
was performed using a 633 nm laser.

Figure S32. PL spectra comparison between active layer blends with 125
kDa and 57 kDa M,, PTB7-TH for a 0.6:1.5 and 1.2:1.5 D/A ratio. Excitation

was performed using a 785 nm laser.
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Defects

Table S6. Defects density for different D/A ratios, molecular weights, and
CN additive contents. The values were obtained by analyzing microscopy
images (10x) of four pixels (two thick and two thin) per sample.

D/A Add M Thickness Number of Defects Density Defects Density - 10?
Ratio (%) v (nm) Defects (def/mm?) (def /mm?)
0.6:1.5 4  High 250 175 22 9
0.6:1.5 4  High 140 128 16 12
0.6:1.5 4 Low 240 108 14 6
0.6:1.5 4 Low 140 122 16 11
0.6:1.5 0 High 250 106 14 5
0.6:1.5 0 High 140 96 12 9
1.2:1.5 4 High 225 503 64 29
1.2:1.5 4 High 130 74 9 7
1.215 4 Low 184 696 89 48
1.2:1.5 4 Low 100 135 17 17
1.2:1.5 0 High 225 885 113 50
1.2:1.5 0 High 130 362 46 36
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(a) (b) (c)

(d) (e) (f)

Figure S33. Microscopy images (10x) of six representative pixels for differ-
ent processing conditions and 0.6:1.5 D/A ratio: (a) High M,,, 4% additive,
Thick AL. (b) Low M,,, 4% additive, Thick AL. (c¢) High M,,, 0% additive,
Thick AL. (d) High M, 4% additive, Thin AL. (e) Low M,,, 4% additive,
Thin AL. (f) High M,,, 0% additive, Thin AL.
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(a) (b) (c)

(d) (e) (f)

Figure S34. Defect size distribution of the pixels for different processing
conditions and 0.6:1.5 D/A ratio: (a) High M,,, 4% additive, Thick AL. (b)
Low M, 4% additive, Thick AL. (¢) High M,,, 0% additive, Thick AL. (d)
High M,, 4% additive, Thin AL. (e) Low M, 4% additive, Thin AL. (f)
High M., 0% additive, Thin AL.
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(a) (b) (c)

(d) (e) (f)

Figure S35. Microscopy images (10x) of six representative pixels for differ-
ent processing conditions and 1.2:1.5 D/A ratio: (a) High M,,, 4% additive,
Thick AL. (b) Low M, 4% additive, Thick AL. (¢) High M,, 0% additive,
Thick AL. (d) High M, 4% additive, Thin AL. (e) Low M,,, 4% additive,
Thin AL. (f) High M,,, 0% additive, Thin AL.
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(a) (b) (c)

(d) (e) (f)

Figure S36. Defect size distribution of the pixels for different processing
conditions and 1.2:1.5 D/A ratio: (a) High M,,, 4% additive, Thick AL. (b)
Low M, 4% additive, Thick AL. (¢) High M,,, 0% additive, Thick AL. (d)
High M,, 4% additive, Thin AL. (e) Low M, 4% additive, Thin AL. (f)
High M., 0% additive, Thin AL.
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Modules

Figure S37. Schematic of module interconnections illustrating the laser-
patterning process. Materials are color-coded as follows: Light grey-Glass
substrate; Dark grey-Bottom electrode (ITO); Yellow-Electron Transport
Layer (ETL); Blue-Active Layer; Pink-Hole Transport Layer (HTL); Brown-
Top electrode (Ag).
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