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Figure S1. Best power conversion efficiency (PCE) reported for binary and ternary BHJ devices as a function of the synthetic
facility of the active layer components. The synthetic facility (SF, %) is computed as 100 — SC (%), SC being the synthetic
complexity as defined by Po et al.!
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Figure S2. Array of 24 devices (pixels) arranged on a large aspect-ratio, pre-patterned ITO substrate. A PAL thickness gradient
is illustrated over the long axis of the substrate. As per the current high-throughput array design and gradient orientation,
left- and right-side pixels are equivalent, hence 12 different parametric combinations (with two replicas each) are probed per
substrate.
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Figure S3. Figures-of-merit (Vo, Js, FF and PCE) obtained in the screening of DIO vol% in the PTQ10:PCs;BM ink formulation
using o-xylene as main solvent. Whisker plots represent the dispersion of data obtained in a single substrate with an active
layer thickness gradient including 24 individual pixels (devices). The dashed lines connect the datapoints corresponding to the
maximum PCE reached at each step of additive content. A total of 96 devices are considered in this plot.
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Figure S4. Figures-of-merit (Vo Jsc, FF and PCE) obtained in the screening of DPE vol% in the PTQ10:PCs:BM ink formulation
using o-xylene as main solvent. Whisker plots represent the dispersion of data obtained in a single substrate with an active
layer thickness gradient including 24 individual pixels (devices). The solid lines connect the datapoints corresponding to the
maximum PCE reached at each step of additive content. A total of 120 devices are considered in this plot.



O]

Normalized absorbance (arb. units)

0.0

400

500

600

Wavelength (nm)

700

800

b
x
[}
©
=
()
2
[}
S7t \
& ) 102
16} ]
]
\ 104
15t .0
‘\
e . , TTmmmmmmTTHo0
400 500 600 700 800

Wavelength (nm)

Extinction coefficient

Figure S5. (a) Normalized absorbance of a blade coated PTQ10:PCs;:BM film with 15 vol% DPE. (b) Complex refractive index
of the same film obtained by means of variable-angle spectroscopic ellipsometry (VASE). The refractive index and the
extinction coefficient are indicated as solid and dashed lines, respectively.
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Figure S6. Vo (a), Jsc (b) and FF (c) of OPV devices casted from a 15 vol% DPE PAL ink formulation and using a 30-35 nm thick
film of N-10 (ZnQ) as ETL. The Js. subplot (panel b) includes as dashed and dotted lines the expected photocurrent density as
a function of PAL thickness assuming either 100% or 65% internal quantum efficiency (IQE), respectively, as per the results of
transfer matrix optical modelling.
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Figure S7. Figures-of-merit of OPV devices casted from a 15 vol% DPE PAL ink formulation and using a 30-35 nm thick film of
N-31 (SnO;) as ETL.



Synthetic complexity and synthetic facility

The synthetic complexity (SC) is a metric introduced by Po et al. in 2015 to quantify the
chemical complexity and experimental effort required in the synthesis of donor and acceptor
materials for organic photovoltaics. SC proposes weighting the number of synthetic steps
(NSS), the reciprocal yield (RY), the number of operation units for the isolation/purification
(NUO), the number of column chromatographies for the isolation/purification (NCC) and the
number of hazardous chemicals (NHC) used in the synthesis of the raw active layer materials
according to the following equation:

SC (%) = 35 NS5 +25 log RY +15 NUo +15 Nee +10 NHC
(%) = NSS,0x 10g RY px NUO,, .y NCC,por NHC,,,,

where NSSmax, RYmax, NUOmax, NCCmax and NHCnmax correspond to normalization values applied
to either donors or acceptors. The figures for normalization initially proposed by Po and co-
workers (NSSmax = 22; RYmax = 86.9; NUOmax = 39; NCCrmax = 13; NHCmax = 44) have been recently
updated by Chochos et al.? to account for the continuous development of the field with novel
donor co-polymers and non-fullerene acceptors (NSSmax=20; RYmax=104.3; NUOmax = 29;
NCCmax = 9; NHCmax = 52). The normalization values used in this work are shown in Table S1 in
agreement with our extensive literature search. Figure 1 in the main text includes synthetic
facility (SF) values, which are simply calculated as

SF (%) = 100 — SC(%)
to further emphasize the search of both larger PCEs and SF figures.

Table S1. Synthetic complexity of the donor and acceptor materials included in Figure 1 in the main text.

Material NSS | RY NUO | NCC | NHC | SC (%) | Reference
PTQ10 4 233 | 6 1 8 1591 3
171 9 501 | 18 5 15 | 3856 3
PTB7-Th 16 | 133 | 24 7 31 62.64 | ¢
PBDB-T 1 |7 18 5 32 | 4681 | ¢
PM6 15 19.8 | 22 7 32 62.62 | ¢
P3HT 3 1.1 4 0 4 759 |°
PffBT4T-20D | 8 1.4 13 3 22 27.23 | °
D18 10 |73 19 5 40 | 47.37 | °
PV2000 9 5.4 17 1 33 | 3743 | °
PCPDTBT 9 10.1 | 19 7 27 | 4734 ¢
PV2300 9 7.7 17 1 33 3934 °
TPD-3F 11 | 1424 | 18 5 32 | 5063 ¢
P1 16 | 15 24 7 31 63.29 | !
P2 15 | 148 24 6 19 | 5817 !
P3 14 | 43 21 6 44 | 5358 | *
P4 9 5.5 17 2 19 3599 !



P5 9 7.7 17 5 29 43.18
P6 14 7.1 26 8 32 58.20
P7 18 109 | 30 9 35 70.14
P8 15 181 | 25 11 21 65.79
P9 14 145 | 28 11 31 66.08
P10 12 10 22 4 21 48.59
P11 7 7.2 10 15 30.79
P12 16 18 27 31 67.73
P13 10 51 14 4 24 39.29
P14 14 222 | 29 11 23 67.22
P15 17 8 27 10 38 67.46
P16 9 5 17 5 29 40.86
P17 22 36,5 | 37 13 39 91.08
P18 19 869 | 39 9 16 82.71
P19 14 37 23 7 18 62.08
P20 21 21.1 | 36 13 25 83.47
P21 15 217 | 26 9 21 64.84
P22 12 181 | 18 5 30 53.13
P23 10 5.7 19 4 18 40.66
P24 13 25 26 6 22 59.15
P25 18 19 28 9 14 68.32
P26 11 6 21 3 28 44.06
P27 5 4 10 3 10 24.64
P28 13 104 | 24 5 34 54.82
P29 7 5.8 15 4 19 34.63
P30 8 7.9 11 5 23 38.27
P31 11 205 |19 3 35 51.25
P32 13 644 | 24 10 35 70.59
P33 15 30 24 6 39 65.81
P34 5 4.4 8 2 12 23.62
P35 5 31 1 12 19.81
P36 15 57.1 | 30 9 35 74.28
P37 12 9.2 24 7 26 53.34
P38 14 217 | 24 6 39 62.48
P39 14 379 | 24 9 38 68.75
P40 12 8.9 22 7 17 50.66
P41 13 11 23 7 34 57.04
P42 15 41 11 5 32 47.61
P43 12 4.5 22 9 31 51.99
P44 9 7.1 15 3 18 37.55
P45 8 269 |14 5 22 45.82
P46 8 53 13 3 22 34.39




P47 17 25.8 | 30 12 23 74.34
P48 16 103 | 30 7 38 64.92
P49 13 7.2 20 6 29 51.49
P50 9 5.6 17 2 18 35.89
P51 15 7.3 30 7 29 59.75
P52 8 7.3 14 5 21 38.61
P53 11 7 18 5 32 46.81
P54 14 136 | 33 12 29 68.43
P55 10 6 16 3 31 41.12
P56 11 18 18 4 18 48.05
P57 17 12 31 6 36 66.18
P58 10 8.2 19 3 13 40.50
P59 7 7.4 12 5 14 34.98
P60 5 14.2 2 13 29.34
P61 3 1.1 4 0 4 7.59

P62 11 9.5 23 8 27 52.88
P63 7 4.4 12 3 21 31.22
P64 13 4.7 23 7 38 53.24
P65 14 6.8 23 7 24 54.12
P66 8 17 17 4 14 41.81
P67 13 7.8 22 4 35 51.54
P68 18 116 | 30 11 25 70.86
P69 9 31 12 4 24 34.25
P70 15 372 | 23 8 30 67.16
P71 17 60 31 7 29 74.65
P72 9 8 16 4 21 40.31
P73 14 17 21 5 43 59.63
P74 16 132 | 31 8 27 65.68
P75 13 18 25 5 18 55.08
P76 10 9.8 17 3 12 40.49
P77 14 8.6 23 5 41 56.35
P78 11 7.4 20 7 19 47.69
P79 10 3.2 17 6 15 38.51
P80 10 101 | 21 7 42 52.58
P81 10 5.7 17 3 31 41.23
P82 12 9.2 23 5 14 48.34
P83 14 103 | 25 7 44 60.97
P84 16 217 | 25 8 17 64.12
P85 16 163 | 27 9 35 67.97
P86 15 114 | 29 10 22 63.88
P87 14 6.9 23 7 39 57.09
P88 8 5.2 15 5 24 37.75




P89 12 9.7 24 9 16 54.01 | !
P90 11 7.9 18 6 30 4823 |1
P91 9 4.5 19 4 20 38.18 |1
P92 14 194 | 25 8 35 63.80 |1
PB 9 5.6 17 2 19 36.09 |1
PC 15 119 | 28 6 35 61.61 |1
PL 15 14.8 24 6 19 58.17 |t
PM 10 8.2 21 4 30 4569 | 1!
PN 12 7.4 24 4 22 4793 | !
PO 13 8.6 21 6 24 51.87 | !
PQ 9 8.8 19 6 15 4313 | !
PR 15 7.3 29 5 35 58.21 |*!
PU 16 20.4 | 33 12 20 72.06 |1
PV 9 6.2 16 3 24 38.36 | !
PW 14 14.3 27 6 33 60.24 |1
PY 11 6.1 19 5 23 4473 |1
Pz 13 8.3 21 8 11 5149 |?
PQSi05 7.05 | 3 13.05 | 1.05 | 14.1 | 26.07 | ©
PQSi10 7.1 3.01 13.1 11 142 | 26.26 | ©
PQSi25 7251304 | 1325|125 145  26.84 |°®
Normalization | 22 104.3 | 39 13 | 52 N/A 12
Material NSS | RY NUO | NCC | NHC | SC (%) | Reference
PCe1BM 4 19 0 2 8 1741 3
4TIC-4F 13 44 16 7 |47 6626 ?
Y6 15 89 28 |6 25 7478 ¢
IDAF 15 | 4831 24 9 32 90.10 | 3
PC;:BM 4 1.9 0 2 8 17.41 |3
O-IDTBR 11 33 24 6 16 56.16 | °
ITIC-4F 13 | 445 22 8 30 8233 | °
ZY-4Cl 6 6.6 7 5 19 40.52 | °
PV-A3 7 5.2 11 2 24 39.17 | °
EH-IDTBR 11 33 24 6 16 56.16 | °
N2200 8 762 |4 1 33 4032 | ¢
IDIC 13 5.56 24 6 23 65.13 | ®
ITIC 10 4 22 6 17 5452 | ¢
ITIC-4CI 10 2.5 20 7 16 51.91 | ¢
BTP-4Cl 17 20 29 6 27 85.06 | °©
Al 7 35 16 5 29 4527 |7
3PS2-SiPc 2 3.9 1 0 4 14.26 |8
Normalization | 17 | 48.31 | 29 9 47 N/A 6




Table S2. Characteristics of the commercial and pristine ETL ink formulations used in this work (IPA = 2-propanol). Unless
otherwise specified, all information is collected from the corresponding product brochures provided by the manufacturers.
Note that in this study the pristine infinityPV ZnO formulation is further diluted with 2-propanol (50 vol%) to half its solid

content and match it with the remaining ETL formulations.

Name Supplier Material Particle - size | Work function Concentration | Solvent Viscosity
(nm) (eV) (cP)
N-10 Avantama | ZnO 12 4.3 2.5 wt% IPA 2.4
N-31 Avantama | SnO; 7 4.5° 2.5 wt% Butanols | 3.5
Eﬁxlx_ Avantama | Al:ZnO 12 3.9 2.5 wt% Butanols | 3.5
Zn0 infinityPV | ZnO N/A N/A 5.6% w/v IPA 1.9
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Figure S8. (a) ETL thickness as a function of pixel number resulting from decelerated blade coating (typically from 10 mm s
to 1 mm s) during ETL deposition. (b) PAL thickness as a function of pixel number in those same devices. Note that in this
case the PAL thickness is deposited at constant blade speed; with all that, we observe that the PAL thickness decreases along
the blade coating direction due to PAL ink depletion at the blade reservoir. This effect is further pronounced due to the use of
large blade coating speeds (25 mm s1) as required to get thick enough PALs (>200 nm) that maximize light harvesting.
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Figure S9. Figures-of-merit (Vo, Jsc, FF and PCE) obtained in the optimization of the annealing temperature of a homogeneous
PEI-Zn film as ETL (deposited at 5 mm s1). The annealing treatment is performed in air for a period of 10 minutes using a
Kofler bench comprising temperatures from 104 to 148 . The previously optimized DPE-rich PTQ10:PCs:BM ink formulation
is employed as active layer (blade coated at a speed of 25 mm s2).
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Figure S10. (a) JV curve and the corresponding photovoltaic figures-of-merit of a representative solar cell including PEI-Zn as
ETL and PTQ10:PCs:BM (15 vol% DPE) as PAL. (b) Its corresponding external quantum efficiency (EQE) and integrated Jsc value
(integration performed using the AM1.5G irradiance spectrum).
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Figure S11. (a) Jsc and (b) PCE as a function of ETL thickness for the different interlayers tested in this work.
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Figure S12. Correlation plots between the ETL thickness, the PAL thickness, and the FF. The FF is quantified with the colour
scale. (a) Aggregated data for all available devices. (b) Data for N-10 devices. (c) Data for N-31 devices. (d) Data for N-21X-

Flex devices. (e) Data for infinityPV ZnO devices.
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Figure S14. V., Jsc and PCE as a function of irradiance and ETL thickness for PTQ10:PCs1BM devices comprising thick active
layers (200-350 nm). Regarding the choice of ETL, panels (a,e,i) correspond to N-31; panels (b,f,j) to N-21X-Flex; panels (c,g,k)
to infinityPV ZnO; and panels (d,h,l) to PEI-Zn.
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is defined as Veg = Vo — Vi, where V, corresponds to the (applied) voltage where J,, = 0, and V, is the applied voltage. Finally,
the exciton dissociation efficiency (Paiss) and the charge collection efficiency (Pcon) are determined as the Jpn/Jsqr values found
under short-circuit conditions (V, = 0) and at the maximal power output conditions, being Jsq.: the saturated Jpy (i.e., Jon at an
effective voltage of 1.1 V in our case).1011
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Figure S17. Normalized JV curves of an organic solar cell including PEI-Zn as ETL. Normalization is performed to aid in the
identification of the S-shape under LED illumination conditions, as both curves occur in very different current regimes. For the
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Figure $19. Indoor LED emission power spectrum (solid black line) and integrated input power (P, blue dashed line) of the
light source employed in the photovoltaic characterization of laminated devices.

Table S3. Initial performance of the devices employed in the thermal- (TS) and photostability (PS) studies. Note that these
devices were processed entirely in air following R2R-compatible procedures. The illumination source corresponds to the
Spectrum shown in Figure S19.

Device Active area (cm?) | Voc (V) | Jsc (WAcm@) | FF | PCE (%)
TS-1 0.25 0.75 24.2 69.0 | 8.8
TS-2 0.07 0.70 30.8 68.5 | 10.4
TS-3 0.25 0.74 27.8 70.6 | 104
PS-1 0.25 0.72 25.2 70.7 | 9.0
pS-2 0.07 0.66 30.7 715 | 10.3
PS-3 0.25 0.72 28.0 71.4 | 10.2
Average N/A 0.72 28 70 9.8
Standard deviation | N/A 0.03 3 1 0.7
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Figure S20. (a) JV curves of the device TS-2 during the thermal stability study. (b) JV curves of the device PS-2 during the
photostability study.
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