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Abstract



In this work, a newly benzodithiophene-free D-A polymer donor, named PDTP-BDD, was
developed for realizing green-solvent processed high-performance OSCs. By bridging two
electron-rich unit of dithieno[3,2-b:2',3'-d]pyridin-5(4H)-one (DTP) and electron-deficient
benzo[1,2-c:4,5¢"]|dithiophene-4,8-dione (BDD) with thiophene units, PDTP-BDD possesses
high absorption in the short wavelength range and a deep HOMO energy level. The rigid
building blocks also make PDTP-BDD has strong aggregation and poor solubility in common
halogen-free solvents (such as o-xylene) at room temperature, but it is readily dissolved and
disaggregated at high temperature (120 °C). After cooling down to a lower temperature (60 °C),
PDTP-BDD self-assembled and pre-aggregated slowly in the solution at a long time. By
employing a delayed processing strategy in the layer-by-layer processed OSCs (LbL-OSCs), an
optimized fibril network of the underling layer was realized, enabling the permeation of
acceptor into the donor network. The optimized PDTP-BDD/L8-BO-based LbL-OSCs realized
a high PCE of 18.42%. By adding a small amount of D18 to further optimize the PDTP-BDD
fibril network, an impressive PCE of 19.36% was achieved finally in the resulting ternary LbL-

OSCs, which is the highest value for OSCs processed by halogen-free solvents.

Keywords: organic solar cells, green solvent aging, layer-by-layer processing, morphology

optimization, fibrous-network structure

1. Introduction

Organic solar cells (OSCs) are recognized as a promising and versatile off-grid energy
supply candidate for portable devices, wearable electronic devices and internet-of-things (IoT)
integrated devices in the future.l'**! Over the past years, great efforts have been devoted to new

materials design and devices engineering, which continuously improve the photovoltaic
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performance of OSCs. Especially, the great success of nonfullerene acceptors (NFAs) with
largely improved absorption in the near-infrared (NIR) region has put the power conversion

6-181 T

efficiency (PCE) of OSCs over 19%, showing great potential for practical applications.!
contrast to the explosive growth of efficient NFAs, the development of matched high
performance polymer donors lags relatively behind and is of great need to further improve the
device efficiency of OSCs.

With regard to the polymer donor development, it has become a design paradigm to adopt
the donor-acceptor (D-A) alternating structure, in which an electron-rich unit and electron poor

19.201 By rationally choosing D and A units to

unit are connected without or with m-bridges.
regulate the “push-pull” effect, the absorption and energy levels of the D-A copolymers can be
readily modulated, enabling them to match well with diversified NFAs for realizing high-
performances. So far, the most efficient polymer donors are based on the D-A structure, such
as PM6, D18, PTQ10, PBTZ-F, QQ1, PBBTz-Cl etc.[® 21>l However, the further development
of D-A copolymers is severally restrained by the limited number of efficient donor blocks,
especially the donor blocks for wide bandgap (WBG) polymer donors. The currently high-
performance WBG polymers still mainly rely on the benzodithiophene (BDT) donor block due
to its weak electron donating ability and rigid coplanar structure, as well as the easily modulated

26.27] The limited selection of donor blocks seriously restricts the diversification of

side chains.|
the WBG polymer donor materials. The development of BDT-free polymer donors still lags far
behind so far, the underlying design principle and application potential of BDT-free polymers
remain to be better understood.

In addition to the material design, the delicate morphology control also plays a vital role in
improving the device performances of OSCs. The prevailing OSCs typically comprise a bulk-
heterojunction (BHJ) photoactive layer, where an ideal bicontinuous interpenetrating network

formed by the spontaneous phase separation of premixed donor and acceptor materials is crucial

for efficient exciton dissociation and charge transport.?83!! Therefore, it is critically important
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to develop proper strategies to optimize the morphology based on the unique properties of donor
and acceptor materials.*?! To meet the solution processing requirement, an appropriate solvent
is needed to dissolve the photoactive materials. Due to their excellent dissolvability,
halogenated solvents, such as chloroform (CF) and chlorobenzene (CB), are mostly employed
to process the photoactive layer. However, halogenated solvents are detrimental to the
environment and our health, thus not adaptable for practical mass production.*?! To circumvent
the disadvantages of halogenated solvents, more and more attention is paid to employing
halogen-free or green solvents to process the photoactive layer.***! The main issue limiting
the widespread use of halogen-free or green solvents is their relatively low dissolvability to the
majority of donor and acceptor materials, because of the extended m-conjugation, strong
intermolecular aggregation and high molecular weight. To realize halogen-free or green solvent
processability, hot-spin coating was developed, where the over aggregation of photoactive
materials could be prevented by elevating the temperature and thus improved solubility.*!-4]
In the hot spin-coating procedure, the pre-aggregation of photoactive materials is highly
sensitive to the temperature of both the solution and substrates. Thus, the morphology can be
optimized by simply varying the temperature conditions. However, precisely control the
temperature is still challenging, especially for mass production of large-area devices, thus
leading to reproducibility issues. Therefore, there is still room for further improvement in the
morphology and photovoltaic performance of OSCs in halogen-free or green solvent process.
In this work, we report the design and synthesis of a novel BDT-free WBG polymer donor,
named PDTP-BDD, for realizing efficient green-solvent processed OSCs (Fig. 1). PDTP-BDD
was developed by bridging dithieno[3,2-b:2',3"-d]pyridin-5(4H)-one (DTP) donor block and
benzo[1,2-c:4,5¢"]|dithiophene-4,8-dione (BDD) acceptor block with thiophene bridges. As
supported by the electrostatic potential calculation results, the electron donating ability of DTP

was even lower than thiophene bridge (Fig. S1). The weak electron donating ability of DTP

makes PDTP-BDD possesses high absorption in the range of 500—700 nm and a HOMO energy
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level of —5.45 eV, matching well with those high-performance nonfullerene acceptors (such as
L8-BO). These rigid building blocks also make PDTP-BDD has strong aggregation and poor
solubility in common halogen-free solvents (such as o-xylene) at room temperature, but it is
readily dissolved and disaggregated at high temperature (120 °C). After cooling down to a lower
temperature (60 °C), PDTP-BDD self-assembled and pre-aggregated slowly in the solution at a
long time. To optimize the morphology, layer-by-layer processed OSCs (LbL-OSCs) were
fabricated,'® *4%) and the morphology of underlying donor layer was optimized by a delayed
processing strategy, which was first proposed by our group.? 3% By simply varying the delay
time, the pre-aggregation of PDTP-BDD in o-xylene was successfully controlled, enabling the
fibril network optimization and deepening the permeation of acceptor into the donor network.
The optimized PDTP-BDD/L8-BO-based LbL-OSCs realized a high PCE of 18.42%. By
adding a small amount of D18 to further optimize the PDTP-BDD fibril network, an impressive
PCE of 19.36% was achieved finally in the resulting ternary LbL-OSCs, which is the among

highest values for OSCs processed by halogen-free solvents.
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Fig. 1. (a) Chemical structures of PDTP-BDD, D18 and L8-BO. (b) The synthetic route of PDTP-BDD. (c)
Temperature-dependent absorption of PDTP-BDD in o-xylene solution. (d) UV-vis absorption of PDTP-
BDD films processed by different delay times from o-xylene solutions (normalized to the film thickness).

(e) The energy level diagram of PDTP-BDD and L8-BO.

2. Results and discussion

2.1. Materials synthesis and characterization

PDTP-BDD was synthesized by Stille-coupling of 1,3-bis(2-ethylhexyl)-5,7-bis(5-
(trimethylstannyl)thiophen-2-yl)benzo[1,2-c:4,5-c']dithiophene-4,8-dione (BDD-Sn)PP! with
2,7-dibromo-4-(2-hexyldecyl)dithieno[3,2-b:2",3"-d]pyridin-5(4H)-one (DTP-Br)°?! in the
presence of Pdx(dba)s/P(o-tol) catalyst (Fig. 1b and Fig. S2). PDTP-BDD exhibited good
solubility in common halogenated solvents, such as CF and CB, but poor solubility in halogen-
free solvents, such as toluene and o-xylene at room temperature. The number-average molecular
weight (M,) and polydispersity index (P) were determined to be 70.7 kDa and 1.87, respectively,
by high-temperature gel chromatography (Fig. S3). PDTP-BDD showed good thermal stability
with a high decomposition temperature (74, 5% weight loss) of 395 °C (Fig. S4). No obvious
thermal transition was observed in the differential scanning calorimetry (DSC) curve from room

temperature up to 350 °C (Fig. S5), showing its thermal robustness.

2.2. Optical and electrochemical properties

As PDTP-BDD has poor solubility in o-xylene at room temperature, the temperature-
dependent absorption was investigated by heating the solution to 120 °C first and then measured
during the cooling process (Fig. 1c¢). PDTP-BDD exhibited distinct temperature-dependent
absorption with an obvious shoulder peak observed with the temperature below 70 °C,
indicating its strong pre-aggregation nature in o-xylene. To investigate the pre-aggregation

effect on the film-state absorption, the PDTP-BDD solution (10 mg mL™! in o-xylene) was



heated up to 120 °C (Step I in Fig. 2a), and then kept at 60 °C before film deposition (a delayed
processing process, Step II in Fig. 2a). The absorption was strengthened with increasing the
delayed processing time, indicating the gradual self-assembly of PDTP-BDD during the
delayed procedure (Fig. 1d). The optical bandgap (E¢°"") of PDTP-BDD was determined to be
1.75 eV based on the absorption onset. The improved absorption of PDTP-BDD could also be
observed in the LbL active layer of PDTP-BDD/L8-BO (Fig. S6).

Cyclic voltammetry (CV) experiments were conducted to determine the frontier orbital
energy levels (Fig. S7). PDTP-BDD had a HOMO of —5.45 eV and a lowest unoccupied
molecular orbital (LUMO) energy level of —3.50 eV, corresponding to an electrochemical
bandgap (E.Y) of 1.95 eV. The energy levels matched well with those low bandgap
nonfullerene acceptors, such as L8-BO (—5.68/-3.90 eV) (Fig. 1e), for achieving high Vi in

OSCs.

2.3. Photovoltaic Properties

LbL-OSCs were fabricated and evaluated with a structure of glass/ITO/PEDOT:PSS/PDTP-
BDD/L8-BO/PNDIT-F3N/Ag, in which the PDTP-BDD layer was processed with a green-
solvent delayed processing procedure (Fig. 2a,b). These devices achieved high Vs up to 0.9
V, and the device performances were sensitive to the delayed processing time of PDTP-BDD
in o-xylene (Fig. 2c and Table 1). Without delayed processing treatment, a Jsc of 25.18 mA cm”
2 and FF of 74.68% were obtained, corresponding to a moderate PCE of 17.08%. In comparison,
the BHJ-OSCs based on PDTP-BDD:L8-BO (1:1.2 by weight) obtained a lower PCE of 15.90%
due to the reduced Js. of 24.24 mA cm™ and FF of 72.60% (Fig. S8 and Table S1). Considering
their much lower performance, the BHJ-OSCs were not further investigated in the following
studies. For the LbL-OSCs, after delayed processing of PDTP-BDD for 10 min, the Jsc and FF
were increased to 25.88 mA cm™ and 76.05%, respectively, giving rise to a higher PCE of

17.96%. When the delay time was increased to 20 min, the highest Ji of 26.27 mA c¢cm™ and
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FF of 77.19% were realized, which contributed to the highest PCE of 18.42%. Further
increasing the delay time to 30 min, slightly decreased Jsc of 25.94 mA cm™ and FF of 77.01%
were observed, leading to a mildly lower PCE 18.03%. While after delayed for 40 min, the Jsc
and FF were declined remarkably to 25.48 mA cm™ and 73.17%, respectively, making the PCE
sharply decreased to 16.76%. The effect of green-solvent delayed processing on the
photovoltaic performance of these LbL-OSCs was also confirmed by external quantum
efficiency (EQE) measurements (Fig. 2d and Table 1). By prolonging the delay time, the EQE
response raised at first, then decreased, and the 20 min delayed devices realized the highest
EQE response almost throughout the absorption range, giving rise the highest calculated short
current density (Jege) of 25.16 mA cm™. These results demonstrated green-solvent delayed
processing is a useful strategy to improve the performance of LbL-OSCs. Moreover, replacing
the L8-BO acceptor with the PY-IT polymer acceptor, an improved PCE from 14.90% to 17.25%
could also be obtained (Fig. S9 and Table S2). These results showed the general applicability
of PDTP-BDD as polymer donor in OSCs and the application potential of green-solvent delayed

processing in improving the performances of LbL-OSCs.
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Fig. 2. (a) The schematic illustration of the photoactive layer deposition procedure involving green-solvent
delayed processing and LbL processing. (b) The schematic illustration of the device structure of LbL-
OSCs. (c¢) J-V curves, and (d) EQE spectra of the PDTP-BDD/L8-BO-based LbL-OSCs prepared by

processing PDTP-BDD with different delay times.
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Table 1. Photovoltaic parameters of the PDTP-BDD/L8-BO-based LbL-OSCs prepared by processing
PDTP-BDD with different delay times.

Delay time Voc Jsc Jeae® FF PCE
(min) (V) (mA cm?) (mA cm?) (%) (%)
0.908 25.18 24 .45 74.68 17.08

° 0.909+0.0052 24.77+0.30 74.10+£0.43 16.69+0.24
0.916 25.78 24.80 76.05 17.96

1 0.908+0.005 25.7140.34 75.08+0.71 17.52+0.20
0.908 26.27 25.16 77.19 18.42

20 0.906+0.005 26.14+0.31 76.93+0.57 18.22+0.25
0.903 25.94 24.99 77.01 18.03

% 0.900+£0.005 25.7240.22 76.63+0.30 17.75+0.18
0.898 25.48 24.77 73.17 16.76

0 0.897+0.003 25.45+0.18 72.67+0.74 16.59+0.17

2 The averaged values with standard deviations were calculated from 20 individual devices. ® The integrated current densities

were calculated from the EQE curves.

2.4. Morphology and charge transport properties

The green-solvent delayed processing effect on the crystallinity and molecular packing
behaviors of PDTP-BDD and PDTP-BDD/L8-BO films were studied by grazing incidence wide
angle X-ray scattering (GIWAXS) measurements (Fig. 3 and Fig. S10). Without delayed
processing treatment, the PDTP-BDD film exhibited a (100) diffraction peak at qxy = 2.39 nm’
!, corresponding to the lamellar stacking distance (di) of 2.68 nm (Table S3). After delayed
processing, the d; was decreased to 2.57 nm (qxy = 2.44 nm™!), indicating the more compacted
lamellar packing. The crystal coherence lengths (CCLs) of their lamellar stacking were
estimated to be 6.49, 6.80 and 7.03 nm for PDTP-BDD films processed from 0, 20, and 40 min
delayed solutions, respectively. All these films exhibited well-defined (010) diffractions at q, =
17.3 nm™! in the out-of-plane direction, corresponding to their n-m stacking distance (dx) of
0.363 nm. The CCLs of their n-n stacking were estimated to be 2.82, 3.06, and 3.14 nm for
PDTP-BDD films processed from 0, 20, and 40 min delayed solutions, respectively. The results

indicated the intensified molecular packing of PDTP-BDD induced by delayed processing
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possess. The improved molecular packing order could be preserved after deposing L8-BO on
top of the PDTP-BDD layer. As PDTP-BDD and L8-BO had very closed lamellar and n-nt
stacking peaks (around 17.5 nm™), it was difficult to divide them from each other in the PDTP-
BDD/L8-BO films. Thus, only the lamellar stackings of the PDTP-BDD/L8-BO films were
analyzed and summarized in Table S3. It was worth noting that the 40 min delayed PDTP-
BDD/L8-BO film appeared new peaks compared to other films, which indicated that a long-
time delayed processing might lead to different packing behaviors.
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Fig. 3. (a-f) GIWAXS images of the PDTP-BDD and PDTP-BDD/L8-BO thin films prepared by

processing PDTP-BDD with different delay times. (g) In-plane and out-of-plane line-cuts from (a-f).

The effect of green green-solvent delayed processing on the morphology of PDTP-BDD
was also investigated by atomic force microscopy (AFM) measurements (Fig. 4a-f). Without
delayed processing treatment, the PDTP-BDD film exhibited a quite smooth top surface with a

small root mean square roughness (Rq) of 0.911 nm. Very small fibrils compactly distributed
10



throughout the phase image, which was not favorable for acceptor permeation deep into the
donor matrix. Fortunately, both the lengths and widths of PDTP-BDD fibrils increased
significantly after delayed for 20 min, and resulting in a slightly increased Rq of 1.01 nm. Such
a well-defined nano fibrous network of PDTP-BDD was beneficial for higher charge carrier
transport. More important, the L8-BO acceptor could permeate more readily deep into the fibril
mesh of PDTP-BDD, providing a better vertical phase separation with sufficient D/A interfaces
for more efficient charge separation. Prolonging the delay time to 40 min, the over aggregated
PDTP-BDD fibrils were observed in the AFM images, which led to a much larger Rq of 2.20
nm. The large aggregates not only reduced the D/A interfaces but also served as morphological

traps hindering the charge extraction.
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Fig. 4. AFM (a-c) height images and (d-f) phase images of the PDTP-BDD thin films processed from o-
xylene solutions with different delay times. (g) TOF-SIMS spectra of the control BHJ blend (PDTP-
BDD:L8-BO) and the LbL films (PDTP-BDD/L8-BO) prepared by processing PDTP-BDD with different
delay times. (h) J-V curves of the ITO/PEDOT:PSS/PDTP-BDD/Mo0O3/Ag devices prepared by processing

PDTP-BDD with different delay times.

The green-solvent delayed processing effect on the vertical phase separation was studied by
time-of-flight secondary ion mass spectrometry (TOF-SIMS) measurements (Fig. 4g). The F~
signals were monitored to denote the vertical distribution of L8-BO in the active layer. The BHJ

blend of PDTP-BDD:L8-BO (1:1.2 by weight) was also measured as a reference, and all the
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films were kept at the same thickness. The rising stage of F~ signals was due to signal delay as
the etching started.*”) Without delayed processing, the LbL film of PDTP-BDD/L8-BO
exhibited higher intensity of F~ signals at early etching stage, but declined much earlier than
the control BHJ blend. With increasing the delay time, lower intensities of F~ were observed,
but it also needed longer etching time to fully remove the signals. When the delay time reaching
40 min, the F~ profiles showed almost the same to that of the control BHJ film. The results
demonstrated that the green-solvent delayed processing could promote the permeation of L8-
BO into the fibril mesh of PDTP-BDD, and the depth could be controlled by just varying the
delay time (Fig. 1b). The main reason was that the green-solvent delayed processing enabled
the pre-aggregation and fibrils formation, which resulted in less compact stacking of fibrils
(more space between fibrils), thus favoring the permeation of acceptor molecule deep into the
donor layer. For the control LbL active layer, the more compact packing of PDTP-BDD maded
L8-BO mainly located on the top surface of the active layer, which was more like a bilayer
structure. With the delay time increasing, the fibrillization of PDTP-BDD made the donor layer
had more and larger interspaces between fibril matrixes and allowed the L8-BO acceptor to fill
into these interspaces and penetrated in depth into the active layer. As a result, a more favorable
vertical component deposition was realized by just tuning the delayed processing time.

The green-solvent delayed processing effect on the charge transport properties of PDTP-
BDD film was studied by the space charge limited current (SCLC) method (Fig. 4h and Table
S4). The J-V curves showed typically three regions, Ohmic contact, trap-filled limit as well as
SCLC current regions at low, middle and higher voltage biases, respectively. The VrrL (a
voltage determined by the cross crosspoint of Ohmic contact and trap-filled limit region) was
0.45, 0.29 and 0.58 V for the 0, 20 and 40 min delayed PDTP-BDD films, and their trap

densities were estimated to be 1.5x10', 0.96x10'°, 1.9x10'® cm™, respectively. In addition,

the hole mobilities were estimated to be 1.4x1073, 2.2x1073, 8.6x10™, cm? V' s! for the 0, 20

12



and 40 min delayed PDTP-BDD films, respectively. The lower trap density and higher hole

mobility of the 20 min delayed PDTP-BDD film could be beneficial for more efficient charge

transport and suppressed charge recombination in devices.
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Fig. 5. (a-c) 2D color plots of fs-TA spectra of the PDTP-BDD/L8-BO films prepared by processing

PDTP-BDD with different delay times. (d-f) The corresponding TA spectra of the PDTP-BDD/L8-BO

films. (g) TA kinetics of the GSB signals at 820 nm. (h) TA kinetics of the GSB signals at 630 nm. (i) The

hole transfer times estimated from fitting the TA kinetics.

2.5. Charge transfer dynamics

Femtosecond transient absorption spectroscopy (fs-TAS) was used to study the effect of

green-solvent delayed processing on the charge transfer dynamics (Fig. 5). A 780 nm excitation

was used to excite L8-BO only, however, PDTP-BDD had no absorption in such wavelength.

The immediately decay traces around 820 and 900 nm were assigned to the ground-state bleach

(GSB) of L8-BO and excited-state absorption (ESA), respectively.*®! The signal raised first

then decayed around 630 nm was assigned to the GSB of PDTP-BDD, suggesting the hole-
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transfer from L8-BO to PDTP-BDD. The 20 min delayed film exhibited faster GSB decay at
820 nm and much stronger GSB signals at 630 nm than the other conditions, indicating the
more efficient hole transfer of the former (Fig. Sg,h). By biexponentially fitting the GSB signals
at 630 nm, the charge transfer lifetimes were quantified by two components, where a fast
component 71 was assigned to interfacial hole-transfer process and the second component 72
represented the diffusion-limited dissociation of bulk excitons.[! The 7i/7> were estimated to
be 0.37/16.0, 0.31/9.02 and 0.58/26.5 ps for 0, 20 and 40 min delayed films, respectively (Fig.
5i). The smaller 71/72 of 20 min delayed PDTP-BDD/L8-BO film suggested the faster hole
transfer in the corresponding devices, which agreed well with the more efficient hole transfer.
The results explained why the 20 min delayed devices could achieve higher photovoltaic

performances.

2.6. Applications in ternary LbL-OSCs

The application potential of green-solvent delayed processing in the ternary blend LbL-
OSCs was investigated by adding D18 as a second donor for it has stronger aggregation
tendency and complementary absorption with PDTP-BDD (Fig. 6a). The addition of a small
amount of D18 (20 wt% relative to the total donor) resulted in the further optimized fibrillar
structure of the PDTP-BDD:D18 blend (Fig. S11). Further adding D18 into the PDTP-
BDD:D18 blend led to fast aggregation of the donors and smaller fibrils in the thin films, due
to the poor solubility of D18 in o-xylene. Such morphology evolution agreed well with the
photovoltaic performance variation trend in the corresponding ternary blend LbL-OSCs (Fig.
6b-e and Table S5). With 20 wt% D18 added, the Jsc and FF were significantly improved to
26.90 mA cm™ and 79.53%, respectively, thus contributing to a champion PCE of 19.36%. This
is among the highest values for OSCs processed by halogen-free solvents (Fig. 6f and Table
S6). While adding D18 more than 20wt%, the sharply decreased PCEs were observed, due to
the poor solubility of D18 making it difficult to control the morphology. The results
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demonstrated that the green-solvent delayed processing strategy could also be expanded to the

ternary blend LbL-OSCs for further improving the device performances.
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Fig. 6. (a) UV-vis absorption of D18, PDTP-BDD and L8-BO films. (b) J-V curves, (¢) EQE spectra, (d)
Column plots of ¥, and Jy distributions, and (e) Column plots of FF and PCE distributions of the ternary
LbL-OSCs based on PDTP-BDD:D18/L8-BO with various D18 ratios in the donor layer. (f) Summarized

PCE versus FF plots of the OSCs processed by halogen-free solvents.

3. Conclusions

In summary, we presented here the design and synthesis of a novel BDT-free D-A
copolymer, named PDTP-BDD, and investigated its application as an electron donor for green-
solvent processed high-performance OSCs. The combination of two acceptor blocks, BDD and
DTP, made the polymer possessed an E.°" of 1.75 eV and a HOMO level of —5.45 eV. The
high planar structure of PDTP-BDD resulted in strong aggregation and poor solubility in the
halogen-free solvent of o-xylene at room temperature, but it was dissolved well and
disaggregated at 120 °C. After cooling down to 60 °C, PDTP-BDD self-assembled and pre-
aggregated slowly in o-xylene at a long-time. By simply varying the delayed processing time,

the pre-aggregation of PDTP-BDD in o-xylene was successfully controlled, enabling the fibril

15



network optimization and deepening the permeation of acceptor into the donor network in the
LbL-OSCs. The optimized PDTP-BDD/L8-BO-based LbL-OSCs realized a high PCE of
18.42%. Moreover, by adding 20wt% of D18 to further optimize the PDTP-BDD fibril network
during delayed processing, an impressive PCE of 19.36% was achieved finally in the resulting
ternary blend LbL-OSCs. Overall, our research provides a guideline of high-performance
polymer donor design and device engineering to realize more efficient OSCs processed by

green solvents.
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