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Abstract: Interface engineering at the bottom can effectively enhance the efficiency and stability of perovskite solar
cells. In this study, the surface modifier, bis (triphenylphosphine) cobalt chloride (BTPPCC), was employed as a
pre-buried interface modifier, successfully passivating the surface-enriched defects of MAPbI; perovskite films. This
optimization improved the interface contact between the perovskite film and the underlying hole transport layer
(HTL) , enhancing the crystalline performance of the perovskite absorption layer. Additionally, BTPPCC effectively
suppressed non-radiative recombination at the interface, improving the long-term stability of the device. As a result,
the power conversion efficiency (PCE) of the p-i-n type device increased from 18. 37% to 20. 12%. The unencapsu-
lated device maintained an efficiency of over 76% after continuous operation for nearly 500 hours in an ambient air
environment with a relative humidity (RH) of 50% at room temperature. This study provides an effective method for

optimizing the buried interface in perovskite solar cells.
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Fig.1 (a)Chemical structure fromula of BTPPCC. EDS mapping images: (b)FTO/NiO,, (¢)FTO/NiO,/BTPPCC, (d)the distri-
bution of P elements on the surface of the buried interface after treatment, (e)the distribution of Cl elements on the sur-

face of the buried interface after treatment, (f)the distribution of Co elements on the surface of the buried interface after
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Fig.2 XPS images of the film before and after modification: (a)Cl 2p, (b)Co 2p, (¢)C 1s, (d)Ni2p
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Fig.3 (a) XRD patterns of perovskite films before and after
modification. (b)—(c¢)SEM images of the top of MAPbI,
film before and after modification. (d)—-(e)SEM images
of the bottom of MAPbI; film before and after modifi-
cation
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(a) UV-Vis absorption spectra of MAPbI; films without/with buried interface modification. (b) Corresponding Tauc spectra.

Steady state PL (¢) and transient PL (d) of perovskite films without/with buried interface modification
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Fig.5 (a)=(b)Ultraviolet photoelectron spectra of NiO, and NiO./BTPPCC. (¢)Energy level configuration diagram of perovskite

device modified by buried interface
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Tab. 2  Statistical table of photovoltaic parameters of devices

with

different concentrations of BTPPCC modified

buried interface
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(a) J-V characteristic curves of devices without/with buried interface modification under different scanning directions.

(b) Steady-state output tracking of the device before and after the buried interface modification. (¢) The EQE spectrum of the

device and the corresponding integrated current density. (d) Comparison of device stability under dark conditions with ambient

temperature and humidity of 25 “C and 50% , respectively
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Tab. 3  Photovoltaic parameters and hysteresis factors of devices without or with buried interface modification in different scan-

ning directions

Devices VoV JSC/( mA-ecm™?) FF PCE/% HI
wlo RS(JZ 1) 1.02 22.70 0.79 18. 37
0.041
wlo FSCIEH) 0.99 22. 84 0.78 17. 62
w BTPPCC RS(/Z#1) 1.08 23.37 0. 80 20. 12
0.012
w BTPPCC FS(IE$T) 1.08 23.43 0.78 19. 87
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Fig.9 Device structure diagram(a) and dark state J-V curve
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