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Abstract

The emergence of polymerized small molecule acceptors (PSMAs) has significantly improved the performance of all-polymer

solar cells (all-PSCs). However, the pace of device engineering lacks behind that of materials development, so that a majority

of the PSMAs have not fulfilled their potentials. Furthermore, most high-performance all-PSCs rely on the use of chloroform

as the processing solvent. For instance, the recent high-performance PSMA named PJ1-γ, with high LUMO and HOMO levels,

could only achieve a PCE of 16.1% with a high-energy-level donor (JD40) using chloroform. Herein, we present a methodology

combining sequential processing (SqP) with the addition of 0.5%wt PC71BM as a solid additive (SA) to achieve an impressive

efficiency of 18.0% for all-PSCs processed from toluene, an aromatic hydrocarbon solvent. Compared to the conventional blend-

casting (BC) method whose best efficiency (16.7%) could only be achieved using chloroform, the SqP method significantly

boosted the device efficiency using toluene as the processing solvent. In addition, the donor we employ is the classic PM6 that

has deeper energy levels than JD40, which provides low energy loss for the device. We compare the results with another PSMA

(PYF-T-o) with the same method. Finally, an improved photostability of the SqP devices with the incorporation of SA is

demonstrated.
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Abstract

The emergence of polymerized small molecule acceptors (PSMAs) has significantly improved the perfor-
mance of all-polymer solar cells (all-PSCs). However, the pace of device engineering lacks behind that of
materials development, so that a majority of the PSMAs have not fulfilled their potentials. Furthermore,
most high-performance all-PSCs rely on the use of chloroform as the processing solvent. For instance, the
recent high-performance PSMA named PJ1-γ , with high LUMO and HOMO levels, could only achieve a
PCE of 16.1% with a high-energy-level donor (JD40) using chloroform. Herein, we present a methodology
combining sequential processing (SqP) with the addition of 0.5%wt PC71BM as a solid additive (SA) to
achieve an impressive efficiency of 18.0% for all-PSCs processed from toluene, an aromatic hydrocarbon
solvent. Compared to the conventional blend-casting (BC) method whose best efficiency (16.7%) could only
be achieved using chloroform, the SqP method significantly boosted the device efficiency using toluene as the
processing solvent. In addition, the donor we employ is the classic PM6 that has deeper energy levels than
JD40, which provides low energy loss for the device. We compare the results with another PSMA (PYF-T-o
) with the same method. Finally, an improved photostability of the SqP devices with the incorporation of
SA is demonstrated.

Key words: all-polymers solar cells, sequential processing, solid additive

Highlight

The lack of device engineering limits the performance of many promising polymer acceptors. We employ a
combined effort of the sequential processing technique and the incorporation of solid additive to significantly
promote the all-polymer solar cell device (18%) with the polymerized small molecule acceptor (PJ1r). The
device is made from toluene instead of the commonly used chloroform. An enhanced photostability is
observed in the 18% device.

TOC
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Introduction

All-polymer solar cells (all-PSCs) hold great promise for future advancements in the field of organic solar cells
thanks to their excellent film-formation and excellent properties.[1-11] To date, the highest PCE achieved in
all-PSCs has surpassed 18%[12-14]thanks to the rapid development of polymer acceptors, especially the recent
strategy of polymerizing high-performance small molecule acceptors.[15-25] Nevertheless, the development of
these polymerized small molecule acceptors (PSMAs) is so rapid that there is a gap between the exhibited
performance and the highest achievable performance of the materials due to the relatively slow pace of device
engineering. For instance, Yang et al. recently reported a PSMA named PJ1r, whose frontier orbital energy
levels are uplifted compared to the popular PSMA such as PY-IT and PYF-T-o, which should promote
the voltage of the device in principle. However, the best PCE reported so far of this PSMA was only
about 16.1%,[26] achieved using a polymer donor (JD40) with an uplifted LUMO and HOMO levels than
the workhorse donor, PM6. This could benefit exciton dissociation but it undermined the potential of the
PSMA to achieve high Voc.

Furthermore, the best efficiency of most recent high-performance all-PSCs was achieved using chloroform
as the processing solvent including PJ1r.[12-13, 27-37] In addition to its hazardous properties, chloroform has
a high vapor pressure at temperatures relevant to device fabrication, making it unsuitable for large-scale
fabrication techniques such as slot-die coating and blade-coating.[38-46] To take advantage of the superior
film-formation properties and mechanical properties of all-PSCs in future large-scale productions, chloroform
must be replaced processing solvent with a high boiling point at standard pressure, preferentially non-halogen
solvents.

In this paper, we combined the sequential processing (SqP) technique and a solid additive strategy to address
the aforementioned issues, namely, promoting the performance of existing PSMAs and using hydrocarbon
solvent to replace chloroform. Compared to the conventional blend-casting (BC) method that relies on
their inherent crystallization kinetics to achieve vertical phase separation, the SqP technique separates the
preparation of the donor and acceptor solutions and the deposition of them, which utilizes the mutual
solubility of the upper solution with the underlying film to form a bicontinuous interpenetrating network

3
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structure known as the bulk heterojunction (BHJ). On the basis of SqP, we further mix a tiny amount of
PC71BM into the active layer as a solid additive (SA) to tune the morphology and electrical properties of
all-PSCs in this study. Specifically, we first employ PM6 as the donor polymer and PJ1-γas the acceptor to
fabricate binary all-PSC devices. We demonstrate a 17.4% PCE for the SqP PM6:PJ1-r device compared
to a 15.8% PCE for the BC device. Subsequently, when 0.5% PC71BM is introduced as a solid additive
into the active layer, the PCE is further increased to 18.0%. Film-depth-dependent light absorption spectra
(FLAS) reveals that the addition of the SA improves the vertical phase segregation of the active layer, leading
to enhanced charge carrier lifetime, reduced carrier extraction time, increased electron mobility, and more
balanced electron/hole transport, which in turn contributes to the high photocurrent. Moreover, we carry
out the same experiments using another PSMA (PYF-T-o ) and provide side-by-side comparison between
the devices with these two acceptors. We show that the addition of the SA also increases the performance of
the PYF-T-o devices. Finally, the maximum power point tracking (MPPT) technique is used to study the
device stability. We show that both the incorporation of SA and the SqP method improve the photo-stability
of the device.

Results and Discussion

Figure 1. (a) Chemical structures of PM6, PYF-T-o, PJ1-γ and PC71BM; (b) energy level diagram; (c)
UV-Vis absorption spectra of pure PM6, pure acceptor and acceptor:SA (1000:5 weight ratio) films; (d)
Schematic diagram showing the difference between blend-casting and sequential processing; (e) Current
density-voltage (J-V ) curves.

Figure 1a depicts the molecular structures of poly(benzodithiophene-4,8-dione) (PM6), PYF-T-o , PJ1-γ,
and [6,6]-phenyl-C71-butyric acid methyl ester (PC71BM).Figure 2b illustrates the energy levels of the
active layer materials,[26, 47-48] where PJ1-γ exhibits higher LUMO (-3.72 eV) and HOMO levels (-5.61 eV)
than PYF-T-o . Therefore, the PJ1-γ based solar cell has a greater potential to realize a high V oc upon
similar energy losses. Figure 1cpresents the UV-vis absorption spectra of the pure films of the donor and
acceptors as well as those of the polymer acceptor:SA films. The main absorption of PM6 ranges from
500 nm to 650 nm, while the acceptors exhibit strong absorption in the range of 750 nm to 850 nm. The
absorption profiles of the donor and acceptor complement each other, allowing for the absorption of a broader

4
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range of photons. Furthermore, the introduction of the tiny amount of PC71BM into the active layer does
not alter the optical density (in the resolution relevant for OSC devices), which suggests that the role of
PC71BM in promoting device performance should mainly be its contribution in morphology and electrical
properties. The UV-Vis absorption spectra of the blend films are shown in the Supporting Information (SI,
Figure S1 ), which shows a similar donor-to-acceptor ratio between the different films. This is advantageous
in minimizing the influence of the donor-to-acceptor ratio on device performance when comparing different
device engineering techniques.

Conventional devices with a structure of ITO/PEDOT:PSS/active layer/PDNIT-F3N/Ag were fabricated,
where the active layer was prepared using either the BC or the SqP method (see Figure 1d ). To inves-
tigate the effect of solvents on device performance, the BC device was fabricated from either chloroform
or toluene. More detailed device preparation procedure is available in the SI . The device configurations
using the BC method were denoted as (BC)PM6:PYF-T-o , (BC)PM6:PYF-T-o +SA (with the addition
of SA), (BC)PM6:PJ1-γ , and (BC)PM6:PJ1-γ +SA. The corresponding SqP devices were denoted by
(SqP)PM6/PYF-T-o , (SqP)PM6/PYF-T-o +SA, (SqP)PM6/PJ1-γ , and (SqP)PM6/PJ1-γ +SA. Figure
1e shows the J-V curves of the devices obtained from the measurements, and the detailed photovoltaic
parameters are summarized in Table 1,Table S2 and Table S3 . When toluene (Tol) was used as the
processing solvent, the maximum power conversion efficiencies (PCEs) of the (BC)PM6:PJ1-γ (Tol) and
(BC)PM6:PJ1-γ +SA(Tol) devices are 15.8% and 16.2%, respectively. The best performance for BC de-
vices can only be achieved using chloroform (CF) as the processing solvent: The (BC)PM6:PJ1-γ and
(BC)PM6:PJ1-γ +SA show maximum PCEs of 16.5% and 16.7%, respectively. As we mentioned above, we
also prepared PYF-T-o and PJ1-γ devices using the SqP method where the processing solvent for both the
donor and acceptor materials was toluene. First, in the binary device, the SqP method improved the effi-
ciency of PJ1-γ- based device by 1.6%, resulting in a PCE of 17.4% for the binary device of (SqP)PM6/PJ1-γ,
with aV OC of 0.947 V, a J SC of 25.18 mA cm-2, and a FF of 0.731. Next, the addition of the small amount
of solid additive successfully boosted the PCE of the toluene-processed SqP device, (SqP)PM6/PJ1-γ +SA,
to 18.0%, which is among the highest PCEs for all-polymer solar cells processed from non-halogen solvent.
The improvement by the SA was also observed in the PYF-T-o based all-PSC devices.

Table 1. Summary of photovoltaic parameters for PM6, PYF-T-o , PJ1-γ based all-PCSs processed from
different methods, measured under AM 1.5 G illumination at 100 mW cm-2.

Active layer VOC [V]
J SC

[mA/cm2]
JEQE

[mA/cm2]
JEQE

[mA/cm2] FF[%] PCE (a) [%]

(BC)
PM6:PYF-
T-o

0.902(0.900±0.002)24.9(24.7±0.4) 24.9(24.7±0.4) 24.5 71.6(70.5±0.9) 16.1(15.7±0.2) 16.1(15.7±0.2)

(BC)
PM6:PYF-
T-o+SA

0.906(0.904±0.001)24.9(24.7±0.4) 24.9(24.7±0.4) 24.7 74.7(73.6±1.2) 16.9(16.5±0.2) 16.9(16.5±0.2)

(BC)
PM6:PJ1-
γ

0.932(0.932±0.002)24.0(23.7±0.4) 24.0(23.7±0.4) 23.7 73.8(73.6±1.4) 16.5(16.2±0.2) 16.5(16.2±0.2)

(BC)
PM6:PJ1-
γ+SA

0.933(0.934±0.003)24.2(24.0±0.4) 24.2(24.0±0.4) 24.1 73.9(73.2±0.6) 16.7(16.4±0.2) 16.7(16.4±0.2)

(BC)
PM6:PJ1-
γ(Tol)

0.938(0.940±0.002)23.8(23.4±0.7) 23.8(23.4±0.7) 23.3 70.9(70.22±1.5)15.8(15.4±0.3) 15.8(15.4±0.3)

(BC)
PM6:PJ1-
γ+SA(Tol)

0.942(0.941±0.001)24.0(23.6±0.4) 24.0(23.6±0.4) 23.5 71.6(71.9±0.8) 16.2(16.0±0.1) 16.2(16.0±0.1)

5
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Active layer VOC [V]
J SC

[mA/cm2]
JEQE

[mA/cm2]
JEQE

[mA/cm2] FF[%] PCE (a) [%]

(SqP)
PM6/PYF-
T-o

0.901(0.906±0.003)25.4(25.1±0.4) 25.4(25.1±0.4) 24.6 71.4(71.0±1.0) 16.4(16.1±0.2) 16.4(16.1±0.2)

(SqP)PM6/PYF-
T-o+SA

0.910(0.908±0.001)25.5(25.1±0.2) 25.5(25.1±0.2) 25.1 72.4(72.7±0.6) 16.8(16.6±0.1) 16.8(16.6±0.1)

(SqP)
PM6/PJ1-
γ

0.947(0.943±0.003)25.2(25.0±0.3) 25.2(25.0±0.3) 24.6 73.1(73.1±0.8) 17.4(17.3±0.1) 17.4(17.3±0.1)

(SqP)
PM6/PJ1-
γ+SA

0.937(0.938±0.001)25.9(25.7±0.2) 25.9(25.7±0.2) 25.0 74.3(74.3±0.4) 18.0(17.9±0.1) 18.0(17.9±0.1)

(a) The standard deviations are based on measurements of over at least ten independent devices.

As shown in Figure 2a and 2b , when the SqP method is used, the devices exhibit higher external quantum
efficiencies (EQEs) in the 600-800 nm range compared to the BC devices. As a result, the EQE integrated
current density of the devices increased from 23.7 mA/cm² to 25.0 mA/cm² when the SqP method was
employed in the PJ1-γ system. From the perspective of additives, the addition of the SA also contributes
to a general improvement in efficiency compared to the SA-free binary devices. As shown in Table 1 , the
greatest improvement in device performance is about 0.8% between the (BC) PM6/PYF-T-o +SA and (BC)
PM6/PYF-T-o devices. Such improvement by the applying of SA is also demonstrated in (SqP)PM6/PJ1-γ
+SA, (BC)PM6:PJ1-γ +SA devices and (SqP)PM6/PYF-T-o +SA devices, compared to their corresponding
devices without the SA.

6
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Figure 2. (a) External quantum efficiency (EQE) spectra for PM6 and PYF-T-o based all-PSC devices;
(b) EQE spectra for PM6 and PJ1-γ based devices; (c)J SC versus light intensity of different devices; (d)
FTPS-EQE spectra measured from 500 to 1800 nm; inset: a zoom-in view of the EQE spectra in the low
energy region; (e) TPV decay curves for devices; (f) TPC decay curves for devices.

The incorporation of SA, along with the utilization of the SqP method, effectively improves the device per-
formance, particularly in the PJ1-γ system. To understand the charge carrier transport and recombination,
we first measured the variation ofJ SC relative to light intensity (plotted on a logarithmic scale) in Figure
2c , where the slope S of each data set is fitted and listed. Typically, S falls within the range of 0.8-1.0, and
the variation in the numerical value of Swithin this range is mainly attributed to the loss of charge carriers
in bimolecular recombination. Overall, BC devices have slightly less bimolecular recombination than SqP
devices, but the difference is small, and the best device in SqP has bimolecular recombination similar to that
in BC devices. For BC devices, the S value for (BC)PM6:PYF-T-o is 0.998, for (BC)PM6:PYF-T-o+ SA
is 0.994, for (BC)PM6:PJ1-γ is 0.997, and for (BC)PM6:PJ1-γ +SA is 0.994. For SqP devices, the S value
for (SqP)PM6/PYF-T-ois 0.953, for (SqP)PM6/PYF-T-o+ SA is 0.951, for PM6/PJ1-γis 0.953, and for
PM6/PJ1-γ +SA is 0.992. We also investigated the variation of V OC under different light intensities, and

7
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the results, reflected by the ideality factor,n id,l (Figure S2 ), showed two trends: Firstly, the SqP method
significantly reduces the trap-assisted recombination as the n id,l values are much lower than those of the
BC devices; Secondly, the addition of the SA further decreases the trap-assisted recombination in the SqP
devices, but not so strongly as it does in the BC devices. To summarize the combined effects of SqP and
SA: SqP does not show improvements in bimolecular recombination without the aid of SA, but significantly
reduces trap-assisted recombination, which is further reduced when SA is incorporated.

High-sensitivity EQE measurements were employed to investigate trap states in this study: Sub-bandgap
EQE was measured via Fourier-transformed photocurrent spectroscopy (FTPS), and the resulting photocur-
rent spectra for the BC devices and SqP devices are presented inFigure 2d . Due to noise, the low-energy
signals were truncated. The inset of Figure 2d displays a clear quantum efficiency for all devices in the
low-energy region (e.g., ˜1.20-1.28 eV), which is likely attributed to the presence of deep trap states within
the bandgap, resulting in relatively poor FF values for the devices. Notably, devices prepared via the SqP
method exhibited fewer states in the low-energy region overall compared to those prepared using the BC
method. The trend observed for the devices in the low-energy region of the FTPS test aligns with that of then

id values. In order to gain insights into charge recombination and extraction, transient photovoltage (TPV)
and transient photocurrent (TPC) experiments were conducted, the results of which are shown in Figure
2e and 2f , respectively. Compared to devices prepared using the BC method, devices prepared using the
SqP method display a slower TPV decay and a faster TPC decay. The decay constants are obtained by
fitting the TPV and TPC decay curves with a single exponential function. For BC devices, the TPV decay
constants and TPC decay constants are 1.02μs, 1.13μs, 1.09μs, and 1.72μs, and 0.053μs, 0.028μs, 0.052μs,
and 0.033μs for (BC)PM6:PYF-T-o , (BC)PM6:PYF-T-o +SA, (BC)PM6:PJ1-γ , and (BC)PM6:PJ1-γ
+SA. For SqP devices, the TPV decay constants and TPC decay constants are 1.75μs, 2.80μs, 2.59μs, and
3.20μs, and 0.046μs, 0.041μs, 0.040μs, and 0.027μs for (SqP)PM6/PYF-T-o , (SqP)PM6/PYF-T-o +SA,
(SqP)PM6/PJ1-γ , and (SqP)PM6/PJ1-γ +SA. We note that the TPV decay constant is referred to as the
carrier “lifetime” in some literature, but it has been shown that the constant is affected by charge carrier
mobilities and interfacial properties of the device in the TPV measurement, so we choose to stay with the
term “TPV decay constant” in this work, which could have contributions from the bulk lifetime and can
only be used as an indication of it. Overall, the TPV and TPC results seems to suggest that both the SqP
method and the incorporation of the SA may make the charge carriers live longer and be extracted easier
compared to the BC method or the SA-free devices.

To assess the charge carrier transport property, we employed the space-charge limited current (SCLC) model
to calculate the electron and hole mobilities. The details of SCLC device fabrication and data analysis can be
found in the experimental section of the Supplementary Information and in Figure S3 , and the calculated
mobilities are summarized in Table S3 . As we have demonstrated in our previous reports,[47, 49] due to
the low degree of polymerization of the PSMAs compared to the high degree of polymerization of the donor
polymers such as PM6, and their relatively weaker crystallization/aggregation tendency compared to small
molecule acceptors, the electron mobility in the recent PSMA-based all-PSC device is generally lower than
the hole mobility in the same BC device. For instance, the electron mobility of the (BC)PM6:PYF-T-o device
is 2.40×10-4 cm2 V-1s-1 while the hole mobility is 4.14×10-4 cm2 V-1s-1. From the SCLC results in Table
S3 , we found that the electron mobility can be improved by both the SqP method and the incorporation of
the SA, particularly in the PYF-T-obased devices. The enhanced electron mobility is crucial for the devices
with a conventional architecture where more excitons are generated in the bottom part (near the anode)
that we will discuss in details later.
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Figure 3. In situ UV-Vis absorption spectra to show the formation of active layer using the the BC (a-c,
e) and SqP (d, f).

To further evaluate the film formation process in the active layer, we conducted in-situ UV measurements,
which monitors the variation of the absorption spectra during the active layer film-formation process. The
change in raw optical density with respect to deposition time is shown in Figure S4 . Figure 3 is the
mapping of the evolution of absorbance at each wavelength for the BC and SqP films during their liquid-
to-solid transitions. First, in the BC method, the film-formation time (from the deposition of the blend
solution to the time when the UV-vis density stops changing) for the toluene (Tol) solution (>5 s) is much
longer than the chloroform solution (<0.7s), as expected. The addition of the SA in the BC method causes
an increase in the film-formation time when the solvent is chloroform but a decrease in the toluene-based
solution. In the SqP method, the deposition of the acceptor solution make the donor’s absorption resemble
that of the liquid state, suggesting a high degree of swelling. Then, the donor and acceptor precipitates
during the evaporation of toluene, and the drying times for the without and with SA solution are 1.706 and
1.790, respectively. The time for the acceptor being co-dissolved with the donor in the solution is obviously
much shorter than the BC method, which has a higher possibility to make the domain of the acceptor or
donor purer by reducing the intermixing time. It is worth noting that in the best-performing BC (with
chloroform) and SqP (with toluene) systems, the addition of the solid additive increases the film formation
time, by 18 ms for the PJ1-γ system for the BC film and by 84 ms for the SqP film.
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Figure 4. Composition ratio across the vertical direction of the active layer film by FLAS base on BC film
(a-c,e) and SqP film (d,f).

Next, we investigate the effect of SqP and SA on the vertical phase segregation of the active layer. To this
end, film-depth-dependent light absorption spectra (FLAS) were measured on the BC and SqP films. By
sequentially etching the film using plasma while monitoring the changes in absorption spectra in real-time
(etching spectra shown inFigure S5 ), the vertical distribution profile (Figure 4 ), exciton generation profile
in the vertical direction (Figure S6 ), and exciton generation rate curve in the vertical direction (Figure
S7 ) were calculated using the transfer matrix model.[50-51]The vertical distribution profiles (Figure 4a-f )
show distinct differences in the final distribution due to the variations in film preparation methods as well
as in material structures of the acceptors. In the PJ1-γ system, the introduction of the solid additive does
not alter the vertical phase segregation in the BC films prepared with toluene, but it results in noticeable
adjustments to the vertical morphology for BC films processed from chloroform and the SqP films from
toluene: The addition of the SA make the bottom portion of the active layer (closer to the anode) exhibit
a higher concentration of donor and a lower concentration of acceptor than those without the SA, which is
beneficial for interfacial charge selectivity. The trends in the vertical phase segregation for these films are
well consistent with the trend in their device electrical properties such as the TPV and TPC decay constants
and fill factor. Similar observation has been made in the PYF-T-o -based system (Figure S9 ) with an
additional effect provided by the SA: the incorporation of the SA leads to a more uniform distribution of
donor and acceptor in the middle region of the active layer.

To evaluate the miscibility between the materials from a thermodynamics point of view, surface tensions of
the materials are first analyzed. The contact angle of different solvents on the solid films are shown inFigure
S8 . We calculated the surface tension (γ ) of each material or material combination based on Wu’s model
and the interfacial tension between materials as an indication of miscibility. Generally, a lower interfacial
tension value indicates a higher miscibility between the materials at thermal equilibrium. As presented in
Table S5 , the interfacial tension value between PM6 and PYF-T-o is 0.03 mN/m, while that between PM6
and PJ1-γ is 0.67 mN/m. In comparison, the miscibility between PJ1-γ and PM6 is weaker, particularly
when the solid additive is introduced (the interfacial tension increases to 2.08 mN/m). This suggests that
compared to PM6:PYF-T-o , PJ1-γ has a higher tendency to phase separate from the donor during the film
formation. Furthermore, the fact that the SqP reduces the intermixing time indicates that the SqP method
could regulate the degree of phase separation to some extent.

10
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Figure 5. (a-d) The 2D-GIWAXS patterns of blend films base on PJ1-γ . (e) The in-plane and out-of-plane
line cuts of the 2D GIWAXS patterns for the blend films base on PJ1-γ .

To examine the molecular stacking and crystallinity of different films, grazing-incidence wide-angle X- Ray
scattering (GIWAXS) experiments were conducted. Figures 5a-5d displays the two-dimensional patterns
and line-cuts along the out-of-plane and in-plane directions of the blended films prepared from either SqP or
BC method. The d -spacing and crystal coherence length (CCL) of these films are summarized in Table S6
. The π-π stacking distances for all four films were found to be 3.70 Å. The CCL values for (BC)PM6:PJ1-γ ,
(BC)PM6:PJ1-γ +SA, (SqP)PM6/PJ1-γ , and (SqP)PM6/PJ1-γ +SA are 16.8 Å, 16.9 Å, 16.7 Å, and 16.2
Å, respectively. Notably, the d -spacing and CCL between the PYF-T-o and PJ1-γ films are largely different
(Table S1 ). For example, the CCLs for the (100) peak of the PYF-T-o base blend films are in the range
of 54-58 Å, while those of the PJ1-γ based films are in the range of 88-95 Å, highlighting the effect of the
difference in the miscibility between materials on the phase separation behavior of the blend film.

Figure 6. Normalized PCE change with light-soaking time using an MPP tracking method for the BC and
SqP devices.

The long-term photostability of all-PSC is crucial for their future commercial application. To assess the photo-
stability of different all-PSCs, we continuously monitored the performance of the optimized (BC)PM6:PJ1-γ
and (BC)PM6:PJ1-γ +SA devices and their SqP counterparts under 1 sun LED illumination in a test cham-
ber. As shown inFigure 6 , the (BC)PM6:PJ1-γ device has a rapid decrease in PCE with a T80 value of
˜65 h. In contrast, the SqP method and the addition of SA both lead to enhanced stability than the BC
device. Specifically, after adding SA, the T80 value of the (BC)PM6:PJ1-γ +SA device slightly increases
from about 65 h device to 140 h. Furthermore, the SA-free SqP device shows a significant increase in T80
value to nearly 250 h. Notably, after over 300 h of continuous illumination, the (SqP)PM6/PJ1-γ +SA
devices exhibit the highest photostability (T80 value is almost 310 h). The result that the SqP method
could increase T80 of all-PSC has been reported in our previous reports using other material combinations,
which is further confirmed by this work. The surprising result of this work is that the incorporation of the
small amount of SA further promotes the stability of the all-PSCs.

Conclusion

In conclusion, the incorporation of a small amount of solid additive into the binary all-polymer system
has successfully achieved a maximum PCE of 18% in devices sequentially processed from the hydrocar-
bon solvent, toluene, which is among the highest PCEs of non-halogen solvent processed all-PSCs. This
demonstrates a relatively simple approach to further enhance the performance of all-PSCs. We studied four
different comparisons side-by-side in this work, namely, toluene vs. chloroform, blend-casting vs. sequen-
tial processing, SA-free vs SA, PYF-T-ovs PJ1-γ . Finally, the stability of the devices was assessed using
MPPT, and the SqP devices with SA exhibited approximately 80% PCE retention after continuous exposure
to 1-sun illumination for over 400 hours. This presents a new avenue for exploring highly efficient and stable
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all-polymer systems in future research.
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