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Cooper ative Effect of Carbon Nanotubes and Dimethyl Sulfoxide on
PEDOT:PSSHole Transport Layer in Planar Perovskite Solar cells
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Abstract: Poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) film is commonly used as hole
transport layer in planar perovskite solar cells (PSCs). To further strengthen the charge transport within
PEDOT:PSS film and boost the growth of the perovskite crystal on PEDOT:PSS film, carbon nanotubes (CNTs)
and dimethyl sulfoxide (DMSO) were simultaneously used as additives to prepare the co-modified film of
CNT-DMSO-PEDOT:PSS. Results demonstrate an advantageous cooperative effect of CNTs and DMSO on the
co-modified film. The dispersed CNTs with a grid-like structure throughout PEDOT:PSS matrix plays dual roles: to
promote the perovskite crystal growth on co-modified surface and to reduce the sheet resistance of the co-modified
film, while DMSO improves the conductivity of the co-modified film and controls the loss of CNTs from the
co-modified film. Due to the cooperative effect, co-modified film is significantly more capable to collect, transport
charges and enhance the perovskite layer growth with larger grains on its surface than that with pristine

PEDOT:PSS film or PEDOT:PSS films modified by a single additive of CNT or DMSO, CNT-PEDOT:PSS or
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DMSO-PEDOT:PSS. Meanwhile, the co-modified film maintains high transparency with a transmittance of 88.8%

at 550 nm. As a result, the PSCs of co-modified film has a hig power conversion efficiency of 5.75% in contrast to

the devices based on the CNT-PEDOT:PSS (3.01%), DMSO-PEDOT:PSS (2.03%) and pristine PEDOT:PSS

(1.30%) films.

K ey words: carbon nanotubes; dimethyl sulfoxide; PEDOT:PSS; hole transport layer; perovskite solar cells
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Fig. 1 SEM and AFM images of different PEDOT:PSS films.
(a, d) DMSO-PEDOT:PSS; (b, ¢) CNT-PEDOT:PSS; (c, f) CNT-DMSO-PEDOT:PSS
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Fig. 2 UV-Vis spectra of different PEDOT:PSS films in the
visible range
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Fig. 3 Sheet resistances of (a) pristine PEDOT:PSS, (b)
DMSO-PEDOT:PSS, (¢) CNT-PEDOT:PSS, and (d) CNT-DMSO-
PEDOT:PSS films on ITO substrates
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Fig. 4 FT-IR spectra of CNT-DMSO-PEDOT:PSS co-modified
film and pristine PEDOT:PSS film
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Fig. 5 AFM images and grain size distributions of CH;NH;PbI; perovskite layers deposited on different PEDOT:PSS films
(a) DMSO-PEDOT:PSS; (b) CNT-PEDOT:PSS; (c) CNT- DMSO-PEDOT:PSS
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Fig. 6 J-V curves of best PSCs consisting of different

PEDOT:PSS films as hole transport layers
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Tablel Best photovoltaic performances of PSCs employ-
ing various PEDOT: PSS films as hole transport layers

HTL Jo/(mA-cm™) V,/V FF PCE/%
Pristine PEDOT:PSS 6.67 0.60 0.32 1.30
DMSO-PEDOT:PSS 13.49 0.51 030 2.03

CNT-PEDOT:PSS 14.71 0.61 034 3.01
Co-modified film 15.63 0.77 048 5.75
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Fig.7 Statistic PCE of PSCs employing the hole transport
layers of (a) pristine PEDOT:PSS, (b) DMSO-PEDOT:PSS,
(c) CNT-PEDOT:PSS and (d) CNT-DMSO-PEDOT:PSS
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Fig. 8 UPS spectrum of CNT-DMSO-PEDOT:PSS co-modified
film with insert showing energy band diagram of device em-
ploying PEDOT:PSS hole transport layer
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