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Figure 1 (Color online) Schematic illustration of the preparation process for the SiO, nanoparticle anti-reflective coatings.

TN 258 T oK G S T e 2 00) R S5 R T G 78 37 e 2 4K)
H, S FETEBELS ming JETELAE ARG, T AT R4+
M AT KIN R A0 min, DLEFRREA
WLV G SCETRIR . AW AT D18:L8-BOE %
JEAR R G H UK RE R, #3145 a2 fT s
PEDOT:PSSAE Jy FH# 7t [ /= (AIL), PDINNAE 9 [
FHHJZ(CIL), FFTEITOZREJE Y N 5 TH 4 M Si0, ik S S
2, i A DG s OO R R, dEmiig St
B R MR

AHUKBHRE Bt R IE B 4514: Si0,/Glass/ITO/
PEDOT:PSS/i& 14 /Z(D18:L8-BO)/PDINN/Ag. ik ) it
JZi & BUSYE MITOB ISR, EHAES ROk
NG 0) T8 ¥ S10, 40 K MUk v ke, T iR Bl A
4000t min~', Ff80 °CHEIE K5 min. 2374 ZH]
% PEDOT:PSSIERZ0.45 pmZEBF(PES) 4 Sk id g
Wbk e, RABSRERE TITOS i, 230N
4500 r min~'\ 40's. FE150 °CiB K15 min. 151 E
% DI85 ZAKL8-BO% 1:1 15 & LLiB i T & A5 157
i, T B R BE 9 mg mL T IR A AV, [ ARV I
FI4- A TR, HK B 5 mg mL™", K%
BV IAES0 CCHEFHIA A2 h, BU15 nLiE R, KA e

3056

IRVETTREPEDOT:PSS 2 £, £%53000 r min~'.
(840 s. #5100 °CIE K10 min. 1L 5 2 i %
PDINNUAI mg mL™ IR BE IR T A7), SR
PikE2 h, HL45 pLYAWLA3000 r min~'. 30 sENAERSR
TiEPEERT, PR IR K. TR 28
T2 EAS e, M E AR ZE3x107" Pabl I,

Active Layer

g

B2 (W4 FRORZ 1) AR BSTO ik s S IR R A LK B i FiL it s
=K

Figure 2 (Color online) Schematic diagram of organic photovoltaic
device with SiO, nanoparticle anti-reflective coating.
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Figure 3 (Color online) Mechanism of anti-reflective coating.
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Figure 4 (Color online) The SEM images of SiO, films prepared
under different catalytic conditions: (a) SiO,-HCI surface; (b) SiO,-HCl
cross-section; (¢) SiO,-NH;-H,O surface; (d) SiO,-NH; H,O cross-section.
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Figure 5 (Color online) The AFM images of SiO, films prepared
under different catalytic conditions: (a) SiO,-HCI height image;
(b) SiO,-HCI phase image; (c) SiO,-NH;-H,O height image; (d) SiO,-
NH;-H,O phase image.
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Figure 6 (Color online) The transmittance spectra of SiO,-HCI and
Si0,-NH;-H,O films on glass substrates.
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Figure 7 (Color online) The reflectance spectra of SiO,-HCl and
Si0,-NH;-H,O films on glass substrates.
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Figure 8 (Color online) Dispersion plots of refractive index and
extinction coefficient of SiO, films with wavelength under different
catalytic conditions.
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Figure 9 (Color online) Photovoltaic performance of D18:L8-BO
based organic solar cells: (a) J-V curves for control devices and devices
with integrated SiO, antireflection coatings; (b) EQE spectra of the
devices.
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Preparation and application of nanoporous SiO, antireflective coatings
in organic photovoltaics
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Abstract: Addressing the challenges of complex fabrication processes, high-temperature treatment requirements, and
elevated costs associated with traditional anti-reflective films in organic photovoltaics, SiO, nanoparticle anti-reflective
coatings were prepared via a sol-gel method in this study. The effects of acidic and alkaline catalytic systems on the
micromorphology and optical properties of the films were systematically investigated. The results demonstrate that the
Si0, nanoparticles synthesized under the alkaline system exhibit superior monodispersity with an average particle
diameter of 60 nm. The resulting film presents a uniform, crack-free nanoporous framework. By introducing an air
medium, this porous structure reduces the average refractive index of the film to 1.22, which successfully satisfies the
anti-reflection requirements at the air and glass interface and enhances the average visible light transmittance of the glass
substrate by approximately 4.3%. Upon integrating this anti-reflective film into organic solar cells based on the D18 and
L8-BO blend, the broadband spectral response of the device is significantly enhanced. Consequently, the short-circuit
current density J,, is improved, driving an increase in the power conversion efficiency PCE from 18.87% to 19.60%.

Keywords: SiO, nano-film, antireflective coating, refractive index, sol-gel method, organic solar cell, power
conversion efficiency
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