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1. Specific progress of perovskite solar cells prepared by spraying method

The process of perovskite solar cells prepared by ultrasonic spray method is 

summarized in Table S1.

Table S1. Specific progress of perovskite solar cells prepared by spraying method.

Method Perovskite Eg (eV) PCE (%) Author Year

11.1% A. T. Barrows 20141

13% S. Das 20152MAPbI3-xClx 1.5-1.55
18.3% J. H. Heo 20163

10.2% M. Ramesh 20154

13.3% S. C. Hong 20175MAPbI3 1.55
17.3% S. Ulicna 20186

17.8% J. E. Bishop 20187

18.5% J. Su 20208Triple Cation ~1.58
19.4% J. E. Bishop 20209

15.9% Y. Y. Jiang 201810

15.6% Y. S. Chou 201911Mixed Cation 1.45-1.5
17.6% J. H. Heo 201912

One-Step

MAPbI3-xClx/MAPbI3-xACx 1.55 15.7% J. G. Tait 201613

11.7% K. M. Boopathi 201514

12.5% F. Li 201515MAPbI3 1.55
16% H. B. Huang 201616

FA1-xCsxPbI3 1.5 14.9% X. Xia 201617

CsPbIBr2 2.05 6.3% C. F. J. Lau 201618

13.4% G. D. Chai 201719

Mixed Anion 1.55-1.6
16.2% Y. Jiang 201920

Two-Step

CsxFA1-xPbIyBr3-y ~1.58 18.2% X. Yu 202021
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2. Morphology of perovskite at different annealing temperatures

As can be seen from the figure, when the annealing temperature is 110℃, except for a 

few large grains, a large number of small grains grow in the perovskite layer, the size of which 

is about 100-200nm. The surface of the film layer is obviously uneven. When the temperature 

reaches 130℃, the small grains grow up and the grain size becomes more uniform. This is 

mainly because the higher temperature accelerates the evaporation of the solution and 

contributes to the growth of perovskite grains. 

Fig. S1 SEM images(a, b) of surface morphology of perovskite annealed at 110℃ and 130℃.
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3. Characteristics of perovskite solar cells

In Fig. S2(a), with the increase of Br content, the absorption curve of perovskite film 

gradually shifted to the left. It indicates that the peak of photon energy gradually increased, 

representing the gradual increase of film band gaps. Fig. S2(b) represents the dark current 

curve of perovskite with different bandgaps. It can be seen that except M = 0/0.2, the dark 

current of perovskite cells with other bandgaps basically has the same trend.

Fig. S2 The absorption curves (a), Semilog J−V characteristics (b) of the perovskite films at 
different Br content.
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4. The calculation formula of material properties.

(1) The conversion formula of material absorbance and band gap.

For semiconductor materials, the relationship between the optical bandgap and the 
absorption coefficient is as follows eqn. (S1):

Ahν = C (hν - Eg)1/m       (S1)

Where hν is photon energy, C represents constant which depended on transition probability 
and m defines the type of transition. For direct bandgap semiconductors, such as perovskite, 
the m value is 1/2. Then, according to Beer-Lambert law22, convert the previous formula to 
eqn. (S2)

(Ahν)1/2 = K (hν - Eg)       (S2)

(2) The Bragg's law.

By Bragg's law23, eqn. (S3) explain:

nλ = 2dsinθ         (S3)

Where n represents the interference order, λ shows the wavelength of incident X-rays, d 
is the interplanar spacing and θ is the angle between the reflected or incident beam and the 
reflecting planes.
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5. Morphology of perovskite films deposited on textured silicon substrate

Fig. S3 SEM images of surface and cross-section of perovskite-textured silicon composite films.
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