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1. Impact of Performance due to Variation of Absorber Thickness and Absorber Layer

Defect Density.

Within the AI/FTO/TiO,/Rb,SnBr¢/Au structure, the PCE, FF, Jsc, and Voc values exhibit a
tendency to decrease with an increase in defect density and rise with the thickness of the absorber
layer that's shown in Fig S1(a) to Fig S1 (d). For absorber layer thicknesses spanning from 250 to
3000 nm and defect densities ranging from 10'° to 10'® cm-3, the alterations noted in PCE, FF, Jgc,
and Vo are as follows: 28.46% to 19.94%, 85.57% to 81.67%, 37.78 mA/cm? to 28.07 mA/cm?,
and 0.88V to 0.84V, respectively. Up to a thickness of 1000 nm, there is a noticeable upswing in
these metrics; nevertheless, once the thickness exceeds 1000 nm, the increments become marginal.
Similarly, these metrics experience a significant decline when the defect density is enhanced up to
10'2 cm™ 1. Yet, surpassing this limit, there is a minor downturn in the values. Thus, the most
advantageous parameters are a thickness of 1000 nm and a defect density of 10'2 cm. Under these
optimum conditions, the PCE, FF, Jsc, and V¢ stand at 27.29%, 85.21%, 36.73 mA/cm?, and
0.87V, respectively.

-2
1016 it Jge(mAem™)
- 0.8803 10 - 37.78
10'% 0.8747 36.56
o ; i
' 08691 L 3538
E 10 g
o 0.8635 o 34.14
z z
ZRPPSE] &
ERULE | 8579 32.92
g =t
=
+ : 08523 o 3171
< 1012 59
7] H
e 2
a2 0.8467 & 30.50
11 |
L] 0.8411 29.28
10 0.8355 28.07
15 2.0 4 ; 0.5 1.0 1.5 2.0 2.5 3.0
Thickness (pm) Thickness (um)
(b)
PCE(%)
- 85.57 e " e 28.46
85.00 3739
o e
P?E 84.60 IE 26.33
[*]
£ Legyr 2 R
7 ‘®
g 83.62 £ 2420
= =
Z 8313w
2 = 23.13
< &
a  82.64 S 22,07
82.16 2100

81.67

0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5
Thickness (pm) Thickness (um)

(©) (d)

19.94



Fig. S1 Influence of variations in absorber thickness and defect density of Rb,SnBrs on key PV
performance parameters: (a) Vo, (b) Jg¢, (¢) FF and (d) PCE.

Within the AlI/FTO/Ti0,/K,SnBrg/Au structures, as the thickness of absorber layer varies from 250
to 3000 nm and the defect density fluctuates between 10'° and 10'® cm=3, PCE, FF,Jsc, and Voc
experience a decline from 32.05% to 20.35%, 86.30% to 74.40%, 43.82 mA/cm? to 32.15 mA/cm?,
and 0.87 V to 0.73V, respectively. As depicted in the results shown in Fig. S2(a), the highest V¢
of 0.87V is achieved when the thickness is maintained below 1000 nm, and the defect density value
of fewer than 10!2 cm. Nevertheless, surpassing the 10'? cm-3 threshold in defect density results in

a substantial decrease in Voc to 0.73V.
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Fig. S2 Influence of variations in absorber thickness and defect density of K,SnBrs on key PV

performance parameters: (a) Vo, (b) Jgc, (¢) FF and (d) PCE.

According to the data in Fig. S2(b), reaching the maximum Jsc value of 43.82 mA/cm?
necessitates a thickness exceeding 1000 nm, while keeping the defect density below 102 cm-

3, Moreover, as depicted in Fig. S2(c), FF attains its highest value of 86.30% when the



thickness is less than or equal to 1000 nm, and the defect density covers the entire range.
Finally, as shown in Fig. S2(d), the highest conversion efficiency exceeding 32.05% is attained
within the thickness range of 250 to 3000 nm and a defect density of up to 10'2 cm?3. The
optimal parameters yielded a PCE of 31.75%, accompanied by a FF of 86.88%, a Jsc of 42.62
mA/cm?2, and a Voc of 0.87V. In the AI/FTO/TiO,/Na,SnBrg/Au structures, as the absorber
layer thickness varies from 250 to 3000 nm and the defect density fluctuates between 10'° and
10'® ¢m3, PCE, FF, Jsc, and V¢ experience a decline from 29.90% to 11.40%, 82.60% to
43.11%, 46.60 mA/cm? to 33.65 mA/cm?, and 0.78V to 0.66V, respectively.
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Fig. S3 Influence of variations in absorber thickness and defect density of Na,SnBrg on key PV
performance parameters: (a) Vg, (b) Jgc, (¢) FF and (d) PCE.

As per the results presented in Fig. S3(a), the highest Voc of 0.78V is achieved when the thickness
is maintained below 1000 nm, and the defect density remains under 10'> cm=. However, exceeding
the defect density threshold of 102 cm™ causes a considerable fall in Voc (0.66V). As demonstrated
in Fig. S3(b), achieving the highest Js¢c value of 46.60 mA/cm? requires a thickness surpassing 1000

nm while maintaining the defect density below 10'> cm3. Moreover, as depicted in Fig. S3(c), the



FF attains its highest value of 82.60% when the thickness is less than or equal to 1000 nm, and the
defect density covers the entire range. Finally, as shown in Fig. S3(d), the most substantial
conversion efficiency exceeding 29.90% is attained within the thickness range of 250 to 3000 nm
and a defect density of up to 10'> cm3. The optimal parameters led to a PCE of 29.01%,
accompanied by a FF of 82.49%, a Jsc 0of 45.35 mA/cm?, and a V¢ of 0.77V.

2. Influence of thickness and interface effect on solar energy efficiency
The most effective setup to attain the highest attainable PCE of 28.59% has been identified,
entailing a 1000 nm thickness for the Cs,SnBrg absorber layer and an interface defect density of
10!2 ¢m3. These configurations resulted in a solar cell with an Voc of 1.02 V, a Jsc of 31.89
mA/cm?, and a FF of 88.28%. Within the AI/FTO/TiO2/Rb,SnBry¢/Au structure, Ve, Jsc, FF, and
PCE tend to decrease with an increase in defect density and rise with the absorber layer thickness

that's shown in Fig S4(a) to Fig S4(d).
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Fig. S4 Influence of variations in absorber thickness and defect interface density for Rb,SnBrg

on key PV performance factors: (a) Vo, (b) Jsc, (¢) FF and (d) PCE.



For absorber layer thicknesses spanning from 100 to 3000 nm and defect densities ranging from

1010 to 1016 ¢cm, the alterations noted in PCE, FF, Jgc, and Voc are as follows: 25.5% to 1.26%,
86.90% to 62.10%, 36.00 mA/cm? to 3.85 mA/cm?, and 0.88V to 0.44V, respectively. Up to a

thickness of 1000 nm, there is a noticeable upswing in these metrics; nevertheless, once the

thickness exceeds 1000 nm, the increments become marginal. Similarly, these metrics experience a

significant decline when the interface defect density is elevated from 10'2 cm-3. Therefore, the ideal

parameters consist of a thickness of 1000 nm and an interface defect density of 102 cm=3. With

these optimum values, PCE, FF, J¢, and Voc are 26.51%, 86.49%, 36.02 mA/cm?, and 0.84 V,

respectively.
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Fig. S5 Influence of variations in absorber thickness and defect interface density for K,SnBrg

on key PV performance factors: (a) V¢, (b) Jg¢, (c) FF and (d) PCE.

For absorber layer thicknesses ranging from 100 to 3000 nm and interface defect densities
varying between 10! and 10! cm?3, PCE, FF, Jsc, and Voc of AI/FTO/TiO,/K,SnBrg/Au
structures decline from 31.40% to 6.80%, 86.60% to 67.30%, 43.60 mA/cm? to 15.80 mA/cm?,

and 0.86 V to 0.64 V, respectively. As indicated in the results from Fig. S5(a), achieving the



highest Voc of 0.86 V requires maintaining the thickness below 1000 nm and ensuring the
interface defect density remains below 10!> cm>.Nevertheless, surpassing the 102 cm= defect
density threshold results in a substantial drop in the Voc to 0.71 V. As indicated by the data in
Fig. S5(b), attaining the highest Jsc value of 43.60 mA/cm? necessitates a thickness exceeding
1000 nm while keeping the defect density below 10'> cm3. Furthermore, as shown in Fig. S5(c),
the FF attains its highest value of 85.20% when the thickness is less than or equal to 1000 nm,
and the interface defect density does not surpass 102 cm. Finally, Fig. S5(d) illustrates that the
most substantial conversion efficiency, exceeding 31%, is reached within the range of thickness
from 100 to 3000 nm and a defect density of up to 10'> cm. The optimal configurations yielded
a PCE of 31.12%, accompanied by a FF of 86.34%, a Jsc of 42.59 mA/cm?, and a Voc of 0.85 V.
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Fig. S6 Influence of variations in absorber thickness and defect interface density for Na,SnBrg

on key PV performance factors: (a) V¢, (b) Jgc, (¢) FF and (d) PCE.

Within the AI/FTO/Ti0,/Na,SnBrg/Au structure, there is a tendency for PCE, FF, Jsc, and V¢
values to decline with an increase in defect density and rise with the thickness of the absorber

layer that's shown in Fig S6(a) to Fig S6(d). For the absorber layer thickness spanning from



100 to 3000 nm and the defect density ranging from 10'° to 10'6 cm, the alterations observed
in PCE, FF, Jsc, and Voc are as follows: from 28.00% to 0.37%, 82.20% to 32.90%, 46.60
mA/cm? to 1.00 mA/cm?, and 0.78V to 0.57V, respectively. Up to a thickness of 1000 nm,
there is a noticeable rise in these values; nevertheless, once the thickness exceeds 1000 nm, the
increases become marginal. Similarly, these metrics experience a significant decline with the
elevation of the interface defect density from 10!2 cm3. Nevertheless, surpassing this threshold
results in a slight decrease in the metrics. Therefore, the ideal conditions involve maintaining a
thickness of 1000 nm and an interface defect density of 10'> cm. With these optimized values,

PCE, FF, Jsc, and V¢ are 27.74%, 80.38%, 45.27 mA/cm?, and 0.76 V, respectively?.
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