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Fig. 1. Structure of perovskite solar cell.
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Fig. 2. PL spectra of (CMA)y(MA)gPbglyg film excited from
front and back side.
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Fig. 3. SEM surface images of (CMA),MAgPbglys perovskite films doped with different CsI content: (a) Csy-2D; (b) Cs3-2D;
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Fig. 4. (CMA),MAgPbyl,s perovskite films doped with different CsI content: (a) XRD patterns; (b) full width of half maximum at

(111) peak.
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Fig. 5. (CMA),MAgPbglys perovskite films doped with different CsI content on FTO substrates: (a) PL spectra; (b) normalization of

the PL spectra; (c) time-resolved PL spectra.
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Fig. 6. Absorption spectra of (CMA),MAgPbglyg films doped
with different CsI content.
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Fig. 7. Photographs of different CsI content doping
(CMA),MAgPblys films annealed at different temperatures.
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£ 1 A CsTBLKRIE (CMA),MAPboLyg FEEkH B HL b GHR 25k

Table 1.  Photovoltaic performance of (CMA ),MAgPbgl,s perovskite solar cells doped with different CsI content.
Sample Jyo/ (mA-cm 2) Voo/V FF/% PCE/%
21.05 1.01 48.40 10.06
Csy-2D
(21.3340.28) (1.004+0.01) (45.6742.73) (9.43+0.63) )
21.36 1.03 49.18 10.68
Cs3-2D
(20.7441.29) (1.0240.01) (45.664-3.52) (9.66+1.02) )
22.08 1.04 56.96 13.08 ¥
Cs5-2D
(22.624-0.54) (1.0440) (49.3947.57) (11.56+1.52) P
23.16 1.05 60.75 14.67
Csy-2D
(21.904-1.26) (1.0440.01) (56.0744.68) (13.49+1.18) P
22.71 1.03 58.58 14.12 %
Csi5-2D
(21.59+1.12) (1.00+0.03) (55.2043.38) (12.23+1.89) ")

e a) AR EACR; b) A EIE.
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Fig. 8. J-V curves of (CMA),MAgPbgl,s perovskite solar
cells doped with different Csl content.
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Cesium doping for improving performance of inverse-graded
2D (CMA),MA Pbyl,s perovskite film and solar cells’

Wang Shi-Dong  Yan Ya-Ting Wang Rui-Ying  Zhu Zhi-Li  Gu Jin-Huaf
(Key Laboratory of Materials Physics of Ministry of Education, School of Physics and

Microelectronics, Zhengzhou University, Zhengzhou 450052, China)
( Received 9 March 2023; revised manuscript received 7 May 2023 )
Abstract

Compared with three-dimensional (3D) perovskites, two-dimensional (2D) perovskites have excellent
environmental stability. However, the efficiency of 2D perovskite solar cells is still lower than that of their 3D
counterparts owing to the poor carrier transport. In order to improve the efficiency of 2D perovskite solar cells,
the cesium (Cs) doping 2D (CMA),MAgPbgl,s films with an inverse gradient structure (small n quantum well
(QW) located at the surface and large n QW at the bottom) are prepared. The inverse gradient QW structure
has the advantages of being more moisture-resistant (small n QW protects the vulnerable large n QW from
being attacked by water molecules) and favoring self-driven charge transport (type-II band alignment between
different phases). The results show that the quality and thermal stability of 2D (CMA),MAgPbglys film can be
effectively improved by using Cs doping. The SEM images show that the film grains become larger, and the
surface is smoother and more compact with Csl content increasing. When Csl increases to 15%, the surface
becomes coarse. From the XRD, it can be seen that the crystallinity of perovskite is improved with Csl doping,
and it reaches saturation when CsI content increases to 10%. The PL intensity of the film with 5% CsI is higher
than the others’, implying a relatively low non-radiative recombination loss and low defect state in that film.
Therefore, the minority carrier average lifetime of film doped with 5% CsI is the longest. The absorption is
almost unchanged when CsI is doped. The thermal stability of film can be effectively improved when Csl
exceeds 10%. Considering the SEM images, crystallinity, PL intensity, light absorption and thermal stability of
perovskite, the optimized Csl doped concentration is 10% in our work. Finally, the highest efficiency of
(CMA),MAgPbyly perovskite solar cells doped with 10% CsI content reaches to 14.67%, with a short-circuit
current density (Jgo) of 23.16 mA /cm?, an open-circuit voltage (V) of 1.05 V and a fill factor (FF) of 60.75%.
The efficiency of the undoped cells is 10.06%, which is lower than that of CsI doped cells (10%). Therefore, Csl

doping is an effective method to further improve the efficiency and thermal stability of 2D perovskite solar cells.
Keywords: Cs doping, solar cells, 2D perovskite films, stability

PACS: 88.40.H-, 68.55.—a, 81.15.—z DOI: 10.7498 /aps.72.20230357
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