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1. Photo image of hot plate mounted spin-coater
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Fig. S1 Real photo of hot plate mounted spin-coater used in this work.

In this work, a specially designed spin-coater with a mounted hot plate (in other word,
our spin-coater has the heating function) was used to achieve precise control of
substrate temperature. The SnO,-coated ITO substrate was placed on the spin-coater,
and then heated to the desired temperature (e.g., 55 °C) using the hot plate integrated
into the spin-coater. During the spin-coating process, the substrate was continuously

heated on the hot plate at 55 °C, which maintains the 55 °C substrate temperature.
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2. Photographs of CsPbl,Br films
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Fig. S2 Photographs of CsPbl,Br films prepared by (a) hot-casting (substrate
temperature was kept at 55 °C) and (b) RT-casting methods with different post-

annealing temperatures.

Hot-casting processed CsPbl,Br films presented a dark brown color, almost
independent on the post-annealing temperature (120-180 °C). In contrast, RT-casting
processed CsPbl,Br films exhibited an orange yellow at a low post-annealing
temperature of 120 °C, and the color turned to partially black upon post-annealing at
180 °C. This indicates that hot-casting processed CsPbl,Br films are beneficial for
cubic phase formation at a low post-annealing temperature compared to RT-casting

processed CsPbl,Br films.
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3. Formation processes of cubic phase CsPbl,Br films
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Fig. S3 UV-vis absorption of the perovskite precursor films prepared by RT-casting
and hot-casting methods. The absorption spectra of CsPbl,Br, CsPbBr; and non-
perovskite CsPbl,Br (n-CsPbl,Br) were plotted together in Fig. S3.
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Fig. S4 XRD patterns of CsPbBr3;, CsPbl,Br and hot-casted precursor films.
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Fig. S5 Scheme for the formation of the CsPbl,Br perovskite films via the (a) RT-

casting and (b) hot-casting processes.
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4. Photophysical characteristics of the CsPbI,Br films
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Fig. S6 (a) UV-vis absorption, (b) PL and (c) TRPL spectra of CsPbl,Br films

fabricated by conventional RT-casting and hot-casting methods.
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Table S1. PL lifetimes extracted from TRPL spectra for CsPbl,Br films prepared by

the two different methods.

Method A, 71 (ns) A 7% (ns) As 739 (NS)  Taye (NS)

RT-casting  0.0016  63.13  0.0164 6.16 0.9820 0.03 0.23

Hot-casting 0.1932  23.01  0.0265 103.61 0.7823 0.51 7.59

“The TRPL decay curves were fitted using a tri-exponential decay function:
—(x—xp) —(x—xp) —(x-xp)
y=y,+Ae A+Aze /2+A3e /3

where 4, A, and A5 are the relative amplitudes of the components, the lifetime of 7; is
associated with defect trapping recombination, and 7, and 73 are both associated with
free carrier radiative recombination. '~
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5. Large scale SEM images of the CsPbI,Br films

Fig. S7 Large scale SEM images of CsPbl,Br films prepared from the different
methods: (a) conventional RT-casting process with subsequent post-annealing at 340

°C; hot-casting process with subsequent post-annealing at (b) 120 °C and (c) 180 °C.

With increasing the post-annealing temperature of the hot-casted precursor film from
120 °C to 180 °C, the grain size of perovskite increases. It is well known that the
perovskite crystal growth rate is highly related to the solvent evaporation rate.> High
post-annealing temperature results in the rapid volatilization of DMSO/DMF, and
therefore the rapid perovskite crystal growth from a few nucleation sites, leading to the
formation of large grains; low temperature results in the low solvent evaporating rate,
which allows the crystal growth from a large number of nucleation sites, leading to the

formation of small grains.*>
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6. AFM height images of the CsPbl,Br films
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Fig. S8 (a,b) 2D AFM height images and (c,d) corresponding 3D images (5 pm x 5
pm) of CsPbL,Br films prepared from the different methods: (a,c) conventional RT-
casting process with subsequent post-annealing at 340 °C; (b,d) hot-casting process

with subsequent post-annealing at 180 °C.
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7. Thermal stability of the CsPbI,Br film tested in glove box
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Fig. S9 Temporal evolution of UV-vis absorption spectra of (a) traditional organic-
inorganic hybrid perovskite CH;NH;Pbl; and (b) hot-casting processed CsPbl,Br films,
which were placed on a hot plate at 100 °C in a N,-filled glove box with H,O and O,

levels below 1 ppm.
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8. Optimization of substrate temperatures
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Fig. S10 J-V characteristics of CsPbl,Br-based PSCs fabricated by RT-casing and hot-

casting methods with different substrate temperatures. All the perovskite films

underwent post-annealing at 340 °C for 10 min.
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Table S2. Photovoltaic performance of the CsPbl,Br-based PSCs fabricated by RT-
casing and hot-casting methods with different substrate temperatures. All the perovskite

films underwent post-annealing at 340 °C for 10 min.

Substrate temp. Vot Jst FF¢ PCE¢
O ™) (mA cm™) (%) (%)
0.50 12.85 45.3 291
RT
(0.50+£0.02) (12.60+0.64) (43.8+£2.2) (2.74+0.13)
1.11 14.54 61.4 9.91
40
(1.12+£0.01) (1455+£0.24) (59.2+£1.9) (9.52+0.38)
1.08 14.69 66.9 10.61
® (1.09+£0.01) (14.52+£0.28) (66.0+2.2) (10.85+0.59)
1.11 15.01 69.2 11.53
» (1.11£0.01) (14.89+£0.23) (66.2+2.8) (10.85+0.59)
1.12 15.13 67.3 11.40
> (1.11+0.02) (15.05+0.13) (669+1.7) (11.16+0.16)
1.09 15.25 69.5 11.55
°0 (1.10+£0.01) (14.83+£0.28) (67.3+24) (10.99+0.37)
1.09 14.76 68.4 11.00
o (1.09+£0.02) (14.78+0.35) (66.1+2.3) (10.69 +0.36)
1.11 14.53 66.1 10.66
70 (1.10+£0.01) (1476 £0.28) (63.7+2.3) (10.45+0.53)
1.11 14.89 62.4 10.31
E (1.09+0.01) (14.87+£0.11) (63.7+2.3) (10.31+0.25)

“The best values are given, followed by the averages and standard derivations in

parentheses, calculated from at least eight devices.
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Fig. S11 Top-view SEM images of (a) RT-casting and (b,c) hot-casing processed
CsPbl,Br films with substrate temperatures of (b) 55 °C and (c¢) 75 °C. All the samples

underwent post-annealing at 340 °C for 10 min.
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Fig. S12 XRD patterns of RT-casting and hot-casting processed CsPbl,Br films with
substrate temperatures of 55 °C and 75 °C. All the samples underwent post-annealing

at 340 °C for 10 min.
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9. Optimization of post-annealing temperatures
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Fig. S13 J-V characteristics of CsPbl,Br-based PSCs fabricated by hot-casting

method with subsequent post-annealing at different temperatures. The substrate

temperature was kept at 55 °C.

S15



Table S3. Photovoltaic performance of the CsPbl,Br-based PSCs fabricated by hot-

casting method with subsequent post-annealing at different temperatures. The substrate

temperature was kept at 55 °C.

Substrate temp. Vol Jot FF¢ PCE*
O V) (mA cm™) (%) (%)
100 No Efficiency
1.04 15.21 62.8 9.93
110
(1.01 £0.04) (14.64+0.45) (56.8+4.4) (8.56%1.10)
1.17 15.04 71.0 12.45
120
(1.12+£0.03) (14.88+0.59) (69.4+1.8) (11.60=+0.71)
1.16 15.21 67.9 11.98
130
(1.15+£0.01) (15.24+0.44) (67.2+3.1) (11.79+0.36)
1.16 15.04 72.2 12.58
140
(1.18£0.01) (15.14+0.39) (69.2+1.9) (12.33£0.15)
1.19 15.58 70.0 13.35
150
(1.18£0.01) (15.67+0.10) (69.9+2.0) (12.97=+0.33)
1.16 15.85 68.3 12.56
160
(1.18£0.01) (15.55+0.22) (66.3+1.7) (12.13£0.35)
1.19 15.07 74.1 13.29
170
(1.18£0.01) (15.07+0.08) (71.6+1.5) (12.79+0.34)
1.19 15.66 74.1 13.80
180
(1.17+£0.02) (15.58+0.15) (72.4+1.4) (13.23£0.56)
1.16 15.32 70.0 12.34
200
(1.15+£0.01) (15.28+0.08) (69.6+2.2) (12.20=+0.24)

“The best values are given, followed by the averages and standard derivations in

parentheses, calculated from at least eight devices.
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Fig. S14 Top-view SEM images of hot-casting processed CsPbl,Br films with
subsequent post-annealing at (a)100 °C, (b) 120 °C, (c) 140 °C, (d) 160 °C, (e) 180 °C

and (f) 200 °C. The substrate temperature was kept at 55 °C.
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Fig. S15 XRD patterns of hot-casting processed CsPbl,Br films with subsequent post-
annealing at (a)100 °C, (b) 120 °C, (c) 140 °C, (d) 160 °C, (e) 180 °C and (f) 200 °C.

The substrate temperature was kept at 55 °C.
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10. J-V curves measured under different scan rates
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Fig. S16 J-V characteristics, measured under different scan rates, of CsPbl,Br-based
PSCs fabricated by hot-casting method (substrate temperature was kept at 55 °C) with

subsequent post-annealing at (a) 120 °C and (b) 180 °C.
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11. J-V curves measured under different scan directions
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Fig. S17 J-V curves, measured in the forward and reverse scan directions, of the
CsPbl,Br-based PSCs fabricated by (a) conventional RT-casting method and (b,c) hot-

casting method (substrate temperature was kept at 55 °C) with subsequent post-

annealing at (b) 180 °C and (c) 120 °C for the perovskite films.
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12. Thermal stability tests of CsPbI,Br and CH;NH;PbI; PSCs

1.0

0.8

0.6

—=— CH_NH_Pbl,
— CstIZBr

0.4

Normalized PCE

0.2

0.0 T T T T T T T
0 24 48 72 96 120 144

Time (h)

Fig. S18 Long-term PCE stability of the PSCs based on hot-casting processed CsPbl,Br
and traditional organic-inorganic hybrid perovskite CH;NH;Pbl;, which were placed
on a hot plate at 100 °C in a N,-filled glove box with H,O and O, levels below 1 ppm.
The device structure of CH;NH;Pbl; PSCs is similar to that of CsPbl,Br PSCs, and the

CH;NH;Pbl; perovskite layer was made by one-step anti-solvent method.
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