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Abstract: The bulk heterojunction (BHJ) morphology of organic solar cells (OSCs) is critically important for achieving
high device performance. While the microstructure optimization in a single casting process is extremely complicated due to
the coupling of crystallization and phase separation of the photoactive materials. By contrast, the sequential blade coated P-
i-N structure of the donor and acceptor materials can lead to a more favorable morphology and nanostructure, which is an ef-
ficient method to circumvent the existing issue in single-solvent BHJ device fabrication. However, the underlying mechanism
of morphology optimization in sequential blade coating process and how it impacts the device performance are still mysteri-
ous, which limit the application of this method in the manufacture of high-efficiency large-area devices. Herein, the inverted
P-i-N device based on PM6/Y6 system was fabricated in ambient environment and the mechanism of improved device per-
formance based on morphology optimization was studied in detail. Compared to the single-solvent method, sequential blade
coating strategy successfully controlled the crystallization and phase separation of active layer, and the gradient distribution of
donor-rich phase/mixing phase/acceptor-rich phase from anode to cathode was formed. More importantly, this strategy elimi-

nated the interaction between donor and acceptor

molecules, thus effectively enhanced the crystallinity of
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donor and acceptor. Based on the simultaneous optimization
of vertical phase separation and crystallinity, more balanced
hole/electron mobility and reduced carrier recombination

were achieved, leading to the highest power conversion effi-

R LI, 2, 199240k, ciency (PCE) of 15.84% in P-i-N device (15. 16% for the
WBIREE: & fF, W, 1983404, #H&Z, HAAERm, BHJ control device). It is worth noting that by further opti-
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reduced, resulting in higher PCE of large-area P-i-N device. This indicates the sequential blade coating strategy provides an

important guideline for the optimization of large-area fabrication in OSCs.

Key words: organic solar cells; sequential blade coating; morphology; crystallization; vertical phase separation;

large-area devices
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Fig. 1 Chemical structure, optical properties, schematic diagram of blade coating and morphology: (a) chemical structure formula of PM6

and Y6, (b) absorption spectra of PM6 and Y6, (c¢) diagram of sequential blade coating, (d) schematic diagram of device structure

and morphology
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Fig. 2 Device performance characterization; (a) J-V curves, (b) EQE curves, (c) the normalized UV-vis absorption spectra, (d) depend-

ence of the short-circuit current density curves, (e) dependence of open-circuit voltage on light intensity curves, (f) J'?-V character-

istics of electron-only and (g) hole-only devices based on BHJ and P-i-N devices, (h) the carrier mobility of BHJ and P-i-N devices
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Table 1 Performance parameters of BHJ and P-i-N devices
Joo
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(15.16)
P-i-N  0.843+0.003 25.96+0.32  70.68+0. 15 15.500. 34
-1- . *U. . +=U. . = VN (1584)

* Note: average values were obtained from 12 devices.
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Table 2 Carrier mobility summary of BHJ and P-i-N devices
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Fig. 3 Repeatability property of BHJ and P-i-N devices: (a) average
PCEs, (b) average V,.s, (c) average J..s, (d) average FFs

[b]

21.4nm

1 S N > ¥ 4 -6.3 nm
“ mRMS=1.05" .

Height 400.0 nm

¥ 510m

-5.1nm

% 4 RMSZ13R,

Height 400.0 nm Height

. RMS=1.60"

4000 nm

Kl 4 RFETEFEA AFM EE: (a) PM6 M, (b) Y6 #E, (c)BH)
W, (d)P-i-N R

Fig.4 AFM images of the different films: (a) PM6 film, (b) Y6 film,
(¢) BHJ film, (d) P-i-N film
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Fig. 7 Film-depth-dependent absorption spectroscopy characterization: (a) absorption spectroscopy of BHJ film during etching process, (b)

absorption spectroscopy of P-i-N film during etching process, (c) vertical component distribution of BHJ film, (d) vertical compo-

nent distribution of P-i-N film
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Fig. 8 J-V curve of large area devices

F3 P-i-N R BH] S SH
Table 3 Performance parameters of BHJ and P-i-N devices

Jeo
Devices V,./V R FF/% PCE/% *
/(mA «cm™)
PM6.Y6 12.01+0. 18
: . +0. 25.57+0.22 54.83+0. 4
BHI 0.855+0.005 25.57+0 54.83+0. 46 (12.19)
PM6/Y6 0.858+0.002 25.23+0.23 59.05+0.43 12.790. 22
P-i-N ’ - e T (13.01)
D18:Y6 15.93+0.27
. . +0.002 26.59+0.25 70.52+0.44
BH] 0.850+0.002 26.59+0.25 70.52+0 (16.20)
DI8/Y6 0.850+0. 001 26.79+0.22 74.69+0. 38 17.010. 21
P-i-N ’ - o T (17.22)

" Note: average values were obtained from 12 devices.
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