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P3CT-N is poly[3-(4-(methylamino)butyl)thiophene-2,5-diyl]; TBAI is the devices with petrabutylammonium iodide; IPA is isopropyl alcohol; « is absorption
coefficient; h is planck constant ; v is incident photon frequency; Control is the device without TBAL.
K1 IPSCs R (il & A2 BA & Control 405 TBAI 4111 SEM Hi v tauc i A1 TRPL ik
Fig. 1 Preparation flow diagram of IPSCs film, the SEM imagine, tauc plots and TRPL curves for TBAI device and Control device
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1.196 V E](J W@Eﬁiﬁ, :@%?%%éﬂﬂ‘] 1.038V, E PCE is power conversion efficiency; Voc is open-circuit voltage; Jsc is short
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PC¢BM is phenyl-C61-butyric acid methyl ester; BCP is bathocuproine; FTO is fluorine-doped tin oxide; IPSCs is inorganic perovskite solar cells; EQE is

external quantum efficiency.
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Fig. 2

IPSCs structure diagram, as well as the PCE, Voc, FF and Jsc statistical data in control group and TBAI group, and the

highest efficiency control group and TBAI group of J-V curves, Mott-Schottky curves, EQE curves, and steady-state power

output (SPO) efficiency curves.
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PTAA is a poly (triaryl amine) semiconductor; PVK is perovskite film; SCLC is space-charge-limited current; Ve, is trap filling voltage; tDOS is the changes of
density of defect states; E,, is energetic profile.

K3 control 415 TBAI A8 fF B E FEIRL(TPC)HIZL . BREEFIR(TPV)HIZR. WS J-V 2k, 2 /Xas 1 SCLC ik
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Fig. 3 Transient photocurrent (TPC) curves, transient photovoltage (TPV) curves, dark J-V curves, SCLC curves of pure hole
devices, and tDOS curves of the control and TBAI group
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(a) Optical photos of humidity stability comparison between the two films (b) Optical photos of water contact angle test
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(c) Humidity stability monitoring of unencapsulated (d) Thermal stability tracking of the devices at 65 “C for 500 h
devices for 500 h

RH is relative humidity; CA- TBAI is water contact angle of TBAI device; CA-Control is water contact angle of control device ; g is time of normalized PCE
descending to 80%.
Kl 4 Control 2151 TBAI LA MR EERG EVEXS EURDG A o KA A IR 2 I« REREET 500 h B EERSE M i
2R A0 500 h 1) 65 C #AasE MG i i 28
Fig. 4 Comparison of optical photos of humidity stability, optical photos of water contact angle test, humidity stability monitoring of
unencapsulated devices for 500 h and thermal stability tracking of the devices at 65 °C for 500 h, of the control and TBAI group
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Extended Abstract

Introduction The inverted inorganic perovskite solar cells (IPSCs) with a bandgap of 1.7 eV are prospective candidates for the next
generation of photovoltaic cells due to their elemental composition and unparalleled light and thermal stability. However, the higher
defect state density and energy level mismatch at the interface result in an inferior photovoltaic performance to that of
organic-inorganic hybrid perovskite solar cells (HPSCs) with the same bandgap. In this paper, tetrabutylammonium iodide (TBAI)
was used to treat the surface of the optical absorption layer of the inverted device. The interface engineering technique can effectively
reduce the density of defect states in the inverted device, suppress non-radiative recombination, and decrease the carrier accumulation
at the interface. Finally, the photoelectric conversion efficiency (J) of IPSCs prepared in air is increased from 17.10% to 19.76%, and
the PCE is increased by 15.56%. In addition, the stability of the device is also considerably improved.

Method The NiOx solution was spun on the surface of FTO glass and annealed at 130 ‘C for 20 min. After cooling to room
temperature, the P3CT-N solution was spun coated on the surface of the annealed NiOx and annealed in air at 130 ‘C for 10 min.
Afterwards, the prepared perovskite precursor liquid was spun coated on the surface of P3CT-N preheated at 70 ‘C, and annealing on
a hot plate at 190 ‘C for 5-8 min. The annealed films were transferred to a N2 atmosphere glove box for dynamic spin coating of
TBAI (IPA) solution, and then annealed at 80 ‘C for 5 min. MgF2 was thermally evaporated on the surface of TBAI by an evaporation
equipment. PCe1BM (CB) was spun as the electron transport layer, and BCP (IPA) was spun as the hole barrier layer. Finally, the
evaporation device vaporized Ag with the thickness of 80.0 nm on the surface of the BCP as a metal electrode.

Results and discussion The SEM images show that the particles of TBAI treated films are fuller and the holes significantly reduce.
These holes are the center of non-radiative recombination, seriously restricting the improvement of photovoltaic performance of
devices. The results of UV-absorption test indicate that TBAI post-treatment does not change the bandgap of inorganic perovskite
CsPblzssBroas. The results of TRPL test show that the TBAI-treated films have a longer carrier lifetime, indicating that the
non-radiative recombination is inhibited. Based on the results of the Mott-Schottky test, the TBAI-treated device demonstrates a
built-in electric field of 1.196 V, which is much higher than that of the reference group (i.e., 1.038 V), and a larger built-in electric
field means a more intense carrier separation drive, corresponding to a higher Voc. The steady-state power output (SPO) efficiency of
the TBAI treated device is tested for 300 s, and the average SPO efficiency of the device is 19.36% for over 400 s. A pure hole device
is constructed to analyze the defect state density of the two films. The VrrL values of the control and TBAI treated devices are 1 V and
0.95 V, respectively, and the corresponding defect state densities are 1.68x10'® and 1.56x10% cm=3, respectively. The TBAI
post-treatment reduces the defect state density of the films, inhibiting non-radiative recombination. The humidity stability of the two
films is monitored under specific conditions. The decomposition the films in the control group appears when the films in the control
group are in humid air for 72 h, while that in the experimental group almost constancy.

Conclusions The defect state density at the interface of IPSCs was high, and the non-radiation recombination loss was serious, thus
restricting the further improvement of the photovoltaic performance of the device. In this paper, TBAI was used to post-treated the
surface of CsPblz.ssBro.is, which improved the crystal quality of the film, effectively reduced the density of defect states, inhibited
non-radiative recombination, and reduced unnecessary carrier accumulation at the interface. IPSCs prepared in air treated by this
interface engineering achieved a champion PCE of 19.76% with a Voc of 1.200 V. This work could provide a method for preparing
highly efficient and stable IPSCs in air, thus promoting the practical process.
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