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Efficiency Boost in All-Small-Molecule Organic Solar Cells:
Insights from the Re-Ordering Kinetics

Xiaokang Sun, Jie Lv, Fei Wang, Chenyang Zhang, Liangxiang Zhu, Guangye Zhang,
Tongle Xu, Zhenghui Luo, Haoran Lin, Xiaoping Ouyang, Chunming Yang,* Chuluo Yang,
Gang Li,* and Hanlin Hu*

Achieving high-performance in all-small-molecule organic solar cells
(ASM-OSCs) significantly relies on precise nanoscale phase separation
through domain size manipulation in the active layer. Nonetheless, for
ASM-OSC systems, forging a clear connection between the tuning of domain
size and the intricacies of phase separation proves to be a formidable
challenge. This study investigates the intricate interplay between domain size
adjustment and the creation of optimal phase separation morphology, crucial
for ASM-OSCs’ performance. It is demonstrated that exceptional phase
separation in ASM-OSCs’ active layer is achieved by meticulously controlling
the continuity and uniformity of domains via re-packing process. A series of
halogen-substituted solvents (Fluorobenzene, Chlorobenzene,
Bromobenzene, and Iodobenzene) is adopted to tune the re-packing kinetics,
the ASM-OSCs treated with CB exhibited an impressive 16.2% power
conversion efficiency (PCE). The PCE enhancement can be attributed to the
gradual crystallization process, promoting a smoothly interconnected and
uniformly distributed domain size. This, in turn, leads to a favorable phase
separation morphology, enhanced charge transfer, extended carrier lifetime,
and consequently, reduced recombination of free charges. The findings
emphasize the pivotal role of re-packing kinetics in achieving optimal phase
separation in ASM-OSCs, offering valuable insights for designing
high-performance ASM-OSCs fabrication strategies.
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1. Introduction

Organic solar cells (OSCs), as a promi-
nent avenue in the realm of clean en-
ergy development and utilization, derive
their photoactive layer materials from
abundant sources and offer an environ-
mentally benign decomposition process
(the materials primarily consist of el-
ements such as C, H, O, N, and S).
This abundance of source materials be-
stows boundless opportunities for con-
ceiving and advancing novel photovoltaic
materials for the active layer. Further-
more, the exceptional practical benefits
of OSCs extend to a wide array of ap-
plications, including semitransparent de-
vices, flexible panels, indoor lighting, In-
ternet of Things, and wearables, thus gar-
nering considerable attention.[1–4] Amid
the advancement of exceptional non-
fullerene acceptors like Y6 and its deriva-
tives, coupled with advancements in
device technology, the power conver-
sion efficiency (PCE) of OSCs founded
on polymers as donors has surpassed
the 19% milestone.[5–9] Furthermore,
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the PCE of all-small-molecule OSCs (ASM-OSCs), which con-
sist of small molecule donors and small molecule acceptors,
has crossed the 17% threshold.[10–11] In contrast to polymer-
based OSCs, small molecules possess promising application po-
tential and the capacity for large-scale commercial manufactur-
ing, thanks to their distinct molecular structure, facile purifica-
tion, tunable structure, and device reproducibility.[12–14] Never-
theless, the PCE of ASM-OSCs still trails behind that of polymer-
based OSCs. Furthermore, due to the limited advancement of
small molecule donor materials, controlling the domain size of
the donor/acceptor mixed morphology within the active layer of
ASM-OSCs heterojunction (BHJ) remains a challenge in the pur-
suit of high PCE.

Broadly speaking, attaining an exceptional BHJ morphology
within the ASM-OSCs system serves as the cornerstone for en-
hancing its performance. This excellent active layer morphology
should encompass a favorable phase separation, ordered molec-
ular stacking, and a well-suited hierarchical structure.[15–16] How-
ever, owing to the restricted conjugation length and inherent crys-
tal self-aggregation tendencies of small molecule materials, this
frequently results in an excessive phase separation morphology
and domain size within the active layer. These factors impede
exciton dissociation and charge transfer, ultimately culminating
in diminished short-circuit current density (JSC) and fill factor
(FF) in ASM-OSCs. Based on the ASM-OSCs systems currently
documented, enhancing the structural characteristics of small
molecule donor materials can ameliorate the phase separation
structure of ASM-OSCs, yielding an appropriate domain size. For
example, Yang et al. reported that small molecule donor TB-F was
obtained by asymmetric thiobenzene and phenyl side chain mod-
ification of the BDT core on the small molecule donor BTR-Cl, the
blend film based on TB-F:L8-BO exhibits significant phase sepa-
ration and has coarse and long fiber domain sizes, constructing a
good continuous interpenetrating morphology, thereby improv-
ing the JSC and FF of the corresponding devices.[17] Wei et al. ob-
tained M-PhS by moving the alkyl thiolation side chain from the
para- to meta-positions of the small molecule donor ZR1 molec-
ular backbone, enhancing the surface tension and molecular pla-
narity of the molecule, and blending with BTP-eC9 achieved a
multi-length scale domain and highly ordered morphology, en-
hanced interaction with acceptor molecules, and achieved JSC of
25.4 mA cm−2 and FF of 75.6%.[14] Ge et al. applied asymmet-
ric modulation to the end groups of the small molecule donor
by utilizing the end groups of 2-ethylhexyl cyanoacetate (CA) and
2-ethylhexyl rhodanni ne (Reh) to create an asymmetric donor
labeled as SM-CA-Reh (influenced by Reh single substitution).
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When coupled with acceptor N3, this design facilitated appropri-
ate phase separation and domain size of the molecules, leading
to an impressive FF of 77.5%.[18] Furthermore, by incorporat-
ing a well-suited third component into the small molecule sys-
tems, the domain size of the BHJ morphology in ASM-OSCs can
also be enhanced. For instance, Hou et al., utilizing the small
molecule system of B1:BO-4Cl, integrated a 0.5% weight acceptor
BO-2Cl to substitute for BO-4Cl. This led to the development of
a nanoscale double continuous interpenetrating network, featur-
ing a hierarchical branching structure. This innovative approach
amplified the charge transfer performance of the domain size,
culminating in a remarkable FF of 78%.[19] Lu et al. incorporated
a small quantity of PC71BM, known for its proficient electron
transport capabilities, to enhance the phase separation within the
BTR-Cl:Y6 blend film. This strategic inclusion led to an expan-
sion in the domain size structure, ultimately culminating in an
impressive FF of 77%.[20] In summary, the regulation of domain
size in ASM-OSCs holds pivotal significance in enhancing charge
transport performance and PCE. However, there is a dearth of
comprehensive exploration into the construction methodology of
ASM-OSCs domain size as well as the intricate interplay between
domain size and performance.

In this work, we selected the T6:N3 as the research system
and employed the widely utilized solvent vapor annealing (SVA)
process in ASM-OSCs to manipulate the morphology in the
blend film (in Figure 1a),[21–22] and a comprehensive investiga-
tion was undertaken to systematically examine the effect on do-
main size and crystallinity in blend films using solvents sub-
stituted with distinct halogens (Fluorobenzene (FB), Chloroben-
zene (CB), Bromobenzene (BB), and Iodobenzene (IB)). In ad-
dition, in situ UV–vis absorption spectroscopy was utilized to
study the evolution kinetics of aggregation and crystallization in
blend films during the SVA process. To our astonishment, we
discovered that halogen elements exert a significant influence on
the morphology of blend films during the re-ordering process.
Figure 1b illustrates a schematic representation of the domain
size and morphology distribution within the thin films treated
with FB, CB, BB, and IB: Specifically, the T6:N3 thin film treated
with CB exhibited a minimal domain size with relatively low crys-
tallinity, remarkable continuity, and even distribution. This led to
the attainment of a maximum PCE of 16.2% and a FF of 74.3%.
On the other hand, films treated with BB and IB both displayed
intermediate domain sizes primarily, alongside a mutual pres-
ence of small domain sizes, resulting in identical PCEs of 15.3%
and 15.2%, respectively, accompanied by comparable FF values.
In contrast, the film treated with FB underwent the rapid expan-
sion of non-uniform domain sizes, which, in turn, triggered pro-
nounced charge recombination, culminating in a lower PCE of
14.8% and an FF of 69.1%. Our results fully demonstrate that fine
regulation of the domain size of ASM-OSCs can reduce charge
recombination and enhance charge transfer, which further paves
the way for unleashing the efficiency potential of ASM-OSCs.

2. Results and Discussion

To obtain a comprehensive understanding of the process of SVA
and the influence of different solvents, in situ UV–vis spec-
troscopy was employed to observe translational movement and
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Figure 1. a) Chemical structures of T6 and N3. b) Schematics of the film morphology of T6: N3 blends film with SVA processing under different solvent
conditions.

reconfiguration of the molecular orientation, which can reflect
the kinetics of crystallinity and domain size in thin films.

We monitored the SVA process under different solvent con-
ditions via in situ UV–vis absorption and explored the effect of
different solvents on the morphology modulation combined with
other characterizations. Figure 2a–d presents contour maps dur-
ing the SVA process under different solvent conditions. It be-
comes evident that the absorption characteristics of films treated
with various solvents exhibit a remarkably consistent evolution,
accompanied by a substantial enhancement in absorption. How-
ever, apart from the CB-treated film, all films under other solvent
conditions rapidly transitioned to the absorption enhancement
stage, evidenced by substantial absorption changes in both T6
and N3 (Figure 2a–d and Figure S1, Supporting Information),
which corresponds to the rapid transformation of the morphol-
ogy in the blend film over a short period. This may have a serious
impact on the SVA process due to the different vapor pressures
of different solvents and the solubility of materials.[22–24] There-
fore, in order to understand the impact of the property of sol-
vents on the blend film during the SVA process, we estimated
the saturated vapor pressure of four solvents (FB, CB, BB, and
IB) through calculations and tested the solubility of four solvents
for T6 and N3 (Tables S1 and Tables S2, Supporting Information).
We found that FB has the lowest solubility for T6 and N3 among
all solvents, while BB and IB have the highest solubility, with CB
in the middle. By analyzing the relationship between the con-
tour map of in situ absorption and solubility (Figure 2a-d; Figure
S1, Supporting Information), we found that the morphology of
the blend films could be rapidly transitioned to the absorption
enhancement stage under the treatment of low saturated vapor
pressure and high solubility of BB and IB. Meanwhile, a rapid
absorption enhancement stage was also observed under FB treat-
ment with high saturated vapor pressure and low solubility. We
speculate that this is most likely due to the dominant role of the
high saturated vapor pressure of FB and the auxiliary role of low
solubility. However, BB and IB also contribute to the absorption
transition of the films at low saturated vapor pressure due to their
high solubility. Thus, the solvent CB balances the relationship
between saturation vapor pressure and solubility and ultimately
exhibits a uniform and slowly varying absorption enhancement

process in the contour plots, which may be a factor in achieving
optimal film morphology.

Integrated with morphological characterization, we explored
the impact of distinct SVA processes on the morphology modula-
tion. The surface morphology of the blend film was characterized
using Atomic Force Microscope (AFM) and Transmission Elec-
tron Microscope (TEM) measurements, as shown in Figure 2e–l.
As the AFM images demonstrated, by carefully observing AFM
images and local magnified images, it can be found that the
CB treated film formed a small and uniform continuous surface
morphology, obtaining a lower root-mean-square roughness (Rq)
value of 1.42 nm, a smaller value of Rq is beneficial for improv-
ing interface stability and reducing interface resistance.[25] In the
BB and IB treated films, finer granular structures were found
and larger uneven surface morphology was formed, resulting in
slightly increased Rq of 1.49 and 1.56 nm, respectively. However,
the FB treated film forms a surface morphology with larger par-
ticle size structures, resulting in a maximum Rq of 2.71 nm, and
this uneven large particle size structure often leads to poor charge
recombination. Based on TEM images, it is obvious that the
FB treated films show large and discontinuous phase separation
morphology and domain size structure, which is not conducive
to exciton separation at the donor-acceptor interface (Figure 2i).
The CB-treated film exhibits a fibrous phase separation morphol-
ogy, and the small domain size structure constitutes a good inter-
penetrating network morphology in Figure 2j, this provides an
ideal channel for the dissociation of excitons and charge trans-
fer, which is beneficial for reducing charge recombination.[5] The
films treated with BB and IB exhibit larger domain size structures
and similar phase separation morphology. The vertical analysis
under different solvent treatment conditions is beneficial for fur-
ther understanding the relationship between photovoltaic perfor-
mance and morphology. Therefore, we investigated the vertical
segregation of T6:N3 thin films under different solvent condi-
tions using film-depth-dependent light absorption spectroscopy
(FLAS). Figure 2d and Figure S2e–h (Supporting Information)
illustrate the component distribution and contour maps of the
exciton generation rate in T6:N3 films. In the SVA-treated films,
the interpenetrating part is predominantly located in the middle
region, while the main donor-rich distribution tends to approach
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Figure 2. a–d) Contour map of T6: N3 films treated with FB, CB, BB, and IB, respectively. e–h) AFM height images of T6: N3 films under different treated
conditions. i–l) TEM images under different treated conditions. m–p) The contours of exciton generation rate of T6: N3 films under different treated
conditions.

the top and bottom regions. Moreover, for the CB-treated film, the
T6 enrichment at the bottom was more significant than that in
other solvent-treated films, which are more beneficial to enhanc-
ing charge transfer and reducing surface recombination.[25–26]

However, the CB-treated film exhibits a more homogeneous dis-
tribution of the acceptor and donor in the middle region, indicat-
ing a better phase separation in the vertical film thickness direc-
tion. Figure S2 (Supporting Information) displays the absorption
spectra and exciton generation rates at various depths of T6:N3
films under different conditions. It can be observed that when the
film depth is in the range of 15 to 60 nm, the exciton generation

rates (Gs) (Figure S2I, Supporting Information) of the BB and
IB-treated films are higher than those of the FB and CB-treated
films. This observation explains the larger JSC observed in the IB-
treated devices.

To further explore the impact of SVA on blend films, we ex-
amined the prolonged evolution (200 s) of the SVA process un-
der CB conditions, as illustrated in Figure 3. The alterations in
absorption intensity and peak position can be clearly tracked
throughout the SVA process. From Figure 3a, it can be observed
that the absorption intensity gradually increases, and the absorp-
tion position of N3 exhibits a significant redshift. It indicates an
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Figure 3. a) In situ UV–vis absorption spectra and contour map during SVA with CB. b) Time evolution of normalized absorption at 570 nm (T6) and
840 nm (N3) during SVA with CB.

enhancement in crystallinity within the blend film and the notice-
able aggregation of N3 molecules. Additionally, during the SVA
process, a gradual enhancement of J-aggregation for T6 is ob-
served, which is beneficial for hole transport.[22] The time evo-
lution of normalized absorption for T6 and N3 was extracted
from the in situ UV–vis absorption spectra, revealing the aggre-
gation evolution during the SVA process of the T6:N3 blend. As
shown in Figure 3b, the SVA process can be divided into three
stages. In the 1st stage (colored green), no significant changes
are observed. The limited molecular movement results in min-
imal changes within the blend film. In the 2nd stage (colored
yellow), a significant increase in intensity is observed, accompa-
nied by a red-shift in both absorption peaks. Specifically, for the
absorption peak of T6, only a slight red-shift occurs compared
to the as-cast film, which indicates a slight increase in the pla-
narization of the T6 backbone.[27–28] In contrast, the peak posi-
tions of N3 exhibit a significant red-shift from 788 to 840 nm.
This pronounced red-shift can be attributed to the intercalation
of N3 molecules into the T6 matrix, which creates charge-transfer
states with lower energy.[29] From these results, we speculate that
the slow re-ordered stage (the 2nd stage) in the blend film may
facilitate better phase separation, while too strong interaction be-
tween the solvent and donor/acceptor materials leads to an un-
desirable phase separation, which can seriously affect the photo-
voltaic properties in the blend film.

To investigate the crystallization and phase separation in
the blend film treated with different solvents, grazing inci-
dence wide/small-angle X-ray scattering (GIWAXS/GISAXS)
techniques were employed. The GIWAXS patterns and cor-
responding scattering profiles obtained along the out-of-plane
(OOP) direction of the blend and neat films were displayed in
Figure 4a–e, and Figure S3 (Supporting Information). From the
GIWAXS patterns of the T6 neat film, shown in Figure S3b,e,

(Supporting Information) it can be learned that the peak of q
≈3.3 nm−1 corresponds to T6 and is referred to as the (100) peak.
In Figure 4e, a sharper (100) peak is observed in the CB-treated
film, which indicates a more ordered and compact molecular ar-
rangement of T6. By fitting the 𝜋-𝜋 stacking peak ((010) peak). It
can provide structure information on the small molecule N3 by
fitting the 𝜋-𝜋 stacking peak ((010) peak). The use of a pole figure
allows for the quantification of the percentage of edge-on and
face-on crystallites.[30–31] The peaks observed near 𝜒 = 90° (verti-
cal cut) and 𝜒 = 180° (horizontal cut) are attributed to the face-
on and edge-on crystallites, respectively. As depicted in Figure 4f
and Table S3 (Supporting Information), the area ratio of the two
peaks (𝜒 = 90°–135° and𝜒 = 135°–180°) is ≈7:3 in all blend films,
which implies a majority face-on orientation. Specifically, the per-
centage of face-on orientation in the FB, CB, BB, and IB-treated
films is 77.55%, 66.35%, 65.96%, and 70.52%, respectively. As
reported in the literature,[32–33] the presence of a mixed face-on
and edge-on orientation facilitates the formation of 3D charge
pathways, promoting efficient charge transport. The position and
full width at half maximum (FWHM) values of the (100) and
(010) peaks are summarized in Table S4 (Supporting Informa-
tion). The crystal coherence length (CCL) can be calculated us-
ing the Scherrer equation, which considers the crystallite size to
be equal to the CCL.[34] Here, we can quantitatively assess the
degree of crystallization of T6 and N3 in the blend film under
different SVA conditions. The crystal coherence length (CCL) of
the (010) peak in the FB, CB, BB, and IB-treated films is mea-
sured to be 5.04, 4.38, 4.39, and 4.55 nm, respectively. Except
for the FB-treated films, all other solvent-treated films exhibit
similar levels of crystallization. Previous literature has reported
that excessively large crystallinity may hinder the effective dis-
sociation of excitons, which could explain the lower power con-
version efficiency (PCE) observed in the FB-treated ASM-OSC
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Figure 4. a–d) 2D GIWAXS patterns of T6: N3 films with various SVA solvents. e) OOP scattering profiles (from bottom to top: FB, CB, BB, and IB,
respectively) from GIWAXS patterns. f) The intensity-corrected pole figures of the (010) peak. g) The FWHM of (010) peak on the OOP direction, and
the domain size obtained by fitting h) IP scattering profiles from GISAXS patterns.

devices.[35] At the mesoscale level, we conducted GISAXS mea-
surements to further investigate the nanoscale phase separation
behavior. The scattering profiles along the defined region were
obtained from Figure S4 (Supporting Information) and plotted
in Figure 4h. To quantify and compare the phase separation in
the solvent-treated film, the scattering profiles were fitted with a
universal model based on the effective interface approximation
of the distorted wave Born approximation (DWBA).[36] The do-
main size of the amorphous phase (𝜉) in the films treated with
FB, CB, IB, and BB was calculated to be 37.0, 23.0, 26.9, and
34.9 nm, respectively. It indicates a better phase separation in
the CB-treated film, which may be more comparable to the the-
oretical exciton diffusion length. In contrast, the domain size
in the FB and IB-treated films appears to be too large, indica-
tive of higher aggregation. This observation aligns with the re-
sults of UV–vis absorption and morphology analysis. Based on
these results, we speculate that the CB-treated film with a grad-
ual re-ordered stage achieves an appropriate crystallinity and
phase separation, thereby enabling efficient charge separation
and transport. Conversely, the robust interaction between the FB
and the blend film leads to an excessive crystallinity and oversized
aggregation, which will impede the exciton dissociation in the
blend film.

To further verify the effects of domain size and crys-
tallinity changes on photovoltaic performance, we prepared
devices with FB, CB, BB, and IB treated thin films, re-
spectively. The device structure used for optimization was
ITO/PEDOT:PSS/T6:N3/phen-NaDPO/Ag. The current density–

voltage (J–V) curves and corresponding parameters for the best
device performance achieved by different solvents are shown in
Figure 5a and Table 1 (More detailed data can be found in Table
S5, Supporting Information). After data analysis, we found that
the devices treated with FB exhibit a relatively low PCE of 14.8%,
with a VOC of 0.843 V, a JSC of 25.72 mA cm−2, and a low FF
of 69.1%. However, devices treated with BB and IB showed rel-
atively improved PCE values of 15.3% and 15.2%, respectively.
Interestingly, the CB-treated device exhibits a remarkable PCE
of 16.2% with an improved VOC of 0.846 V and FF of 74.3%.
This further indicates the importance of small and continuous
domain size structures for achieving high-performance ASM-
OSCs. The integral current densities were calculated as 24.50,
24.61, 24.68, and 24.70 mA cm−2 for FB, CB, BB, and IB, re-
spectively, which are in agreement with the JSC value obtained
from the optimized devices within a 5% mismatch. By plotting
the VOC versus the logarithm of the JSC as a function of light
intensity, the slope of the resulting curve is proportional to the
diode ideality factor (n).[37] As depicted in Figure 5c, the slopes
of the VOC as a function of ln(JSC) increase as the light intensity
decreases, particularly for devices treated with FB, which indi-
cates that the blend film treated with the FB solvent suffers from
the highest trap-assisted recombination. The impact of SVA sol-
vents on the charge extraction and carrier recombination is fur-
ther studied by transient photovoltage (TPV) and transient pho-
tocurrent (TPC). The carrier lifetime (𝜏 lifetime) of FB, CB, BB,
and IB-treated devices are 2.17, 2.36, 2.23, and 2.35 μs, respec-
tively. The charge extraction time (𝜏 extract) of FB, CB, BB, and
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Figure 5. a) J–V curves of optimized ASM-OSC devices under different solvent conditions. b) The EQE curves of optimized ASM-OSC devices under
different solvent conditions. c) Light intensity-dependent VOC versus ln(JSC) from 0.1 to 100 mW cm−2 under different solvent conditions. d) Transient
photovoltage and e) transient photocurrent of optimized devices. f) Hole and electron mobilities of blend films under different solvents.

IB-treated devices are 0.47, 0.34, 0.38, and 0.37 μs, respectively.
The longest 𝜏 lifetime of 2.36 μs and the shortest 𝜏 extract of
0.34 μs are simultaneously achieved in the CB-treated ASM-OSC
device, which corresponds to an improvement in charge carrier
compounding and extraction via effective molecular aggregation
and morphology control. In order to elucidate the impact of dif-
ferent SVA solvents on charge transport processes, the mobili-
ties of both hole and electron carriers were estimated using the
space-charge-limited current (SCLC) model.[38–40] The hole mo-
bility μh and electron mobility μe are displayed in Figure 5f and
Table S6 (Supporting Information). The μh and μe of FB, CB,
BB, and IB-treated devices were 3.73/4.14, 4.51/4.72, 3.34/4.97,
and 3.46/5.49 × 10−4 cm2 V−1 S−1, respectively. It was observed
that the CB-treated blend films had relatively high hole mobil-
ity, which played a positive role in promoting the balance of
electron mobility, and the most balanced μe/μh value of 1.05.
This balanced mobility ratio facilitates an improvement in the FF
and PCE.[22]

3. Conclusion

In summary, we conducted a systematic study on the relation-
ship between domain size structure regulation and photovoltaic
performance of ASM-OSCs using a comprehensive set of char-
acterization methods. We employed in situ UV–vis spectroscopy
to enhance our comprehension of the evolution characteristics
of the domain size structure of T6:N3 thin films under SVA
treatment. During the SVA process, as the solvent permeates
the film, small molecules transition from a high-energy disor-
dered configuration to a significantly ordered state within this
solid/liquid-like film through movement and translation. Fur-
thermore, our research results demonstrate that the slow re-
ordered stage in the blend film facilitates better phase separation
and proper grain size, while too strong interaction between the
solvent and donor/acceptor materials leads to large grains and
undesirable phase separation, which can seriously affect the pho-
tovoltaic properties in the blend film. A continuous and uniform

Table 1. Photovoltaic parameters of ASM-OSCs annealing with different solvents.

Solvent VOC [V] JSC [mA cm−2] FF [%] PCE [Averagea)] JSC
cal[mA cm−2]

FB 0.834 (0.834±0.004) 25.72 (25.43±0.75) 69.1 (69.4±1.5) 14.8 (14.7±0.2) 24.50

CB 0.846 (0.842±0.006) 25.81 (25.78±0.61) 74.3 (72.5±0.7) 16.2 (15.8±0.3) 24.61

BB 0.836 (0.835±0.005) 25.82 (25.70±0.39) 70.7 (70.6±1.2) 15.3 (15.2±0.2) 24.68

IB 0.834 (0.831±0.005) 25.91 (25.91±0.36) 69.9 (70.6±1.2) 15.2 (15.2±0.2) 24.70
a)

Average PCE and deviation values were calculated over 15 devices.
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domain size structure can enhance the performance of ASM-
OSCs by achieving favorable phase separation and reducing re-
combination. Ultimately, ASM-OSC devices based on CB-treated
demonstrated an impressive PCE of 16.2%, outperforming the
efficiencies of FB-treated (14.8%), BB-treated (15.3%), and IB-
treated (15.2%) devices. These outcomes underscore the signif-
icance of domain size regulation and morphology control as piv-
otal approaches in advancing ASM-OSCs.
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