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Figure S1 Conventional process (CP) referred to in the main text for the deposition of
Rbs3Shls films. Here, antisolvent processing is carried out in two steps: firstly by
dripping a dilute Sbls solution in toluene to compensate for iodine deficiency
(Sbls:toluene dripping), and then by dripping pure toluene to remove any excess Sblsz
(toluene washing). This is followed by a simple hotplate annealing.
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Figure S2 Relationship between grain size and supersaturation. Vi: crystal nucleation
rate; Va: crystal growth rate; o: supersaturation level of the perovskite precursor; N:
number of grains per unit area.! In nucleation theory,? the nucleation rate (Vi) is an
exponential function of the supersaturation level (o). On the other hand, according to
the Burton-Cabrera-Frank (BCF) theory? at the low supersaturation levels, the crystal
growth rate is a square function of the supersaturation level (o). The resulting number
of grains per unit area (N) reflects the combined effect of V1 and V..
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Figure S3 Basic RSA and modified RSA. (a) Schematic depiction of basic RSA and
modified RSA, and SEM images of the resulting films. As discussed in the main text,
the two types of RSA build on CP, differing from the latter mainly in regard to the
hotplate annealing step, which is conducted with the sample turned over onto a glass
slide so as to reduce the solvent evaporation rate. In addition, modified RSA features
a straightforward hotplate annealing step at 50 °C prior to RSA proper, so as to limit
the amount of solvent available when the sample is finally capped. We note that the
glass substrates used for capping during RSA/modified RSA do not stick to the Rb3Shalg
films. (b) SEM image of a film obtained when antisolvent processing in RSA is carried
out as in CP (sequential Sbls:toluene dripping and toluene washing): small domains and
a large number of pinholes are formed. This can be attributed to the large amount of
antisolvent left in the film during the annealing step, which disturbs grain growth. (c)
SEM image of a film obtained when no antisolvent processing is carried out in RSA:
small domains are formed, as likely determined by iodine deficiency. (d) SEM image of
a large crystal-like feature on the film surface, obtained when RSA is conducted with
only Sbis:toluene dripping but no toluene washing. Features such as this come along
with nearly pinhole-free films and large domain size. Such features, however, can be
easily removed by dripping pure toluene after the annealing step of RSA, which leads
to the modified RSA process flow shown in (a).



Figure S4 SEM images of film obtained via 225°C annealing without Sbls vapor assisted.
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Figure S5 Schematic depiction of the HTVA process flow.
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Figure S6 Energy-dispersive X-ray spectroscopy (EDS) of films processed through
different methods. (a) Reference sample processed via CP and not subjected to high-
temperature annealing (Sample A). (b) Sample annealed at 225 °Cin Sblz vapor (HTVA;
Sample B). (c) Sample annealed at 225 °C but not exposed to Sbls vapor (Sample C). All

samples were fabricated on Silicon substrates.

Table S1 Values of the Sb/I ratio measured by EDS from the samples presented in

Figure S6.

Sb/l ratio
Sample A (reference) 0.222
Sample B (HTVA) 0.223
Sample C 0.077
Expected 0.222
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Figure S7 SEM images of RSA films on (a) FTO- and on (b) TiO-coated substrates.
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Figure S8 SEM images of films obtained via HTVA (a) at 180 °C and (b) at 225 °C.
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Figure S9 Photographs of samples in which RbsSbalg was processed via HTVA at
different annealing temperatures: (a) 225 °C; (b) 250 °C.
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Figure S10. Diffraction patterns of RbsShals films grown by the (a) conventional process,
(b) high-temperature vapor annealing and (c) reduced supersaturation annealing
methods. The patterns were fit using Pawley’s method and the residuals are shown
below.
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Figure S11 (a) Absorption coefficient of CP, RSA, HTVA films determined from
absorbance data. Tauc plots of RbsShals films deposited by (b) CP, (c) RSA, and (d) HTVA.
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Figure S12 (a) UPS intensity from RbsShals films:

(b)

Energy(eV) vs Vacuum

valence band states (left) and He |

secondary electron cutoff (right). (b) Energy level diagrams derived from UPS and UV-
Vis absorption data, under the approximation of negligible excitonic effects.
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Figure $S13 Measured current—voltage characteristic of a HTVA RbsShzls devices giving
a short-circuit current density of 6.3 mA cm=2 under AM1.5G illumination.
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Figure S14 Double-sweep current—voltage characteristics of RbsShyls devices under
AM1.5G illumination: (a) CP (Hindex=0.225); (b) RSA (Hindex=-0.108); (c) HTVA (Hindex =
0.126). The hystereSIS |ndeX Hindex |S calculated as (PCEReverse‘ PCEForwarcl)/PCEReverse.4
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Figure S15 Photovoltaic parameter distribution of the different types of RbsShaly
devices investigated in this work (40 devices of each sample type): (a) Voc; (b) Jsc; (c)
Fill Factor; (d) PCE.



Table S2 Performance of solar cells based on Bi- and Sb-halide perovskite derivatives
(i.e., AsM2Xg, A*: organic/inorganic cation, M: Sb3*/Bi3*, X": halide anion) from the
literature.

Active layer Device Structure Voc Jsc FF PCE EQEmax Ref
) (mA cm?) (%) (%) (%)

MA3Bizlg inverse 0.83 1.39 34 0.39 23 5
MAzBI,lg mesoporous 1.01 4.02 78 3.17 48 6
MAzBI,lg mesoporous 0.67 1.00 60 0.42 25 7
MAzBI,lg mesoporous 0.65 11 50 0.36 No data 8
MAzBI,lg mesoporous 0.51 0.94 61 0.31 28 9
MAG:Bislg mMesoporous 0.56 0.83 49 0.26 4.6 10
MAG:Bislg mMesoporous 0.68 0.52 33 0.12 12 n
MA3Bi2lg regular 0.72 0.49 32 0.11 17 12
MAG:Bislg mMesoporous 0.35 1.16 0.46 0.19 22 13
MA3Bi,lg inverse 0.66 0.22 0.49 0.07 No data 1
MA3Bi,lg mesoporous 0.84 0.17 35 0.05 4.0 »
MA3Bi,lg mesoporous 0.83 3.00 79 1.64 60 16
MA3Bi,lg mesoporous 0.87 27 69 1.62 25 &
CsHeNBil,4 mesoporous 0.62 2.71 54 0.9 No data 18
(CeHsNH3)Bil4 mesoporous 0.58 6.03 22 0.78 No data 9
Cs3Bizly mesoporous 0.31 3.4 38 0.4 25 2
Cs3Bialg Mesoporous 0.85 2.15 60 1.09 37 u
Cs3Bizlg regular 0.86 5.78 64 3.2 56 2
MAG:Sh;lg inverse 0.90 1.00 55 0.49 13 2
MA;Sb;lg inverse 0.62 5.41 61 2.04 21 3
MAG:Sh;lg inverse 0.70 6.64 60 2.77 26 2
Cs5Sbalg inverse 0.60 291 48 0.84 18 z

Cs3Shalg inverse 0.68 5.31 39 1.49 39 ]
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