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Fig. S1. Tauc plot showing comparable optical bandgaps for the control
(Csp.0sMA.15FAsPb(Iy75Bro25);) and target (with KSCN) perovskite thin films, with both

formulations having an optical bandgap of 1.68 eV.
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Fig. S2. In situ PL measurements during the perovskite spin-coating process: 2D images of In situ
PL measurements during the spin-coating process of control perovskite with (A) CH;KO;S, (C)
KPFq, (E) HCOOK, (G) KCI. Extracted intensity-wavelength PL curves from the 2D image of
control perovskite with (B) CH;KO3S, (D) KPF, (F) HCOOK, (H) KCI.
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Fig. S3. Time-of-flight secondary ion mass spectrometry (TOF-SIMS) measurements: 2D
distribution mapping of iodine in (A) control, and (B) target perovskite films, 2D distribution

mapping of bromine in (C) control, and (D) target perovskite films.
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Fig. S4. GIXRD measurements: (A) GIXRD spectra around the perovskite (200) diffraction peaks
collected at incident angles of 0.5°, 2°, and 5° for the Control film, (B) GIXRD spectra around the
perovskite (200) diffraction peaks collected at incident angles of 0.5°, 2°, and 5° for the Target
film, (C) The perovskite (200) diffraction peak full width at half-maximum (FWHM) for these two
films are plotted as functions of incident angle in (A) and (B), (D) The perovskite (200) diffraction
peak average size of crystalline domains for these two films are plotted as functions of incident

angle in (C) and (D).
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Fig. SS. PL mapping measurements: PL intensity distribution in (A) control, (B) target perovskite

films. The scale bar is 5 um.
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Fig. S6. Top-view atomic force microscope (AFM) images: (A) control perovskite film, (B) target

perovskite film.
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Fig. S7. XRD patterns of perovskite (with KSCN), pure Pb(SCN), and pure KSCN.
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Fig. S8. XRD patterns of perovskite (with KSCN) and perovskite (with KCI).
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Fig. S9. XRD patterns of control and target perovskite film, and an enlargement of the range of

13.1-15.0°.
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Fig. S10. GIWAXS patterns of target perovskite film. (A) Two-dimensional GIWAXS pattern of
the target film. (B) Corresponding background-flattened intensity line profile extracted along q,
and an enlargement of the range of 0.4-0.9 A1,
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Fig. S11. Grain and grain boundary analysis of perovskite films. (A) A representative AFM image
of the Control film with grain digitally outlined in green and red using an intelligent grain analysis
platform. (B) The corresponding grain map, where each individual grain is assigned a distinct color
to visualize size and distribution. Statistical analysis performed on multiple regions reveals a
grain-boundary density of 15.20 um!. (C) A representative AFM image of the Target film with
grain digitally outlined in green and red using an intelligent grain analysis platform. (D) The
corresponding grain map, where each individual grain is assigned a distinct color to visualize size
and distribution. Statistical analysis performed on multiple regions reveals a grain-boundary

density of 10.63 um-!.
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Fig. S12. Fourier transform infrared spectrometer (FTIR) measurements: (A) measurements on the
target perovskite powder and pure KSCN powder at the range of 1000-3000 cm™!, (B) enlarged
stretching vibration frequency of SCN- on the target perovskite powder and pure KSCN powder.
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Fig. S13. XRD measurements: (A) measurement on target perovskite film with10x higher KSCN
concentration and K,Pb(SCN),I, 2D perovskite film, (B) magnification of the range 8-11°.
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Fig. S14. GIXRD measurements: (A) GIXRD spectrum at different tilt angles with incident angle
of 0.5° for the Control film, (B) GIXRD spectrum at different tilt angles with incident angle of 0.5°
for the Target film, (C) Residual strain distribution for the films (measured (points) and Gauss

fitted (line) diffraction strain data as a function of sin’g).
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Fig. S15. tDOS spectra of control and target perovskite solar cells determined from temperature

dependent capacitance-frequency measurement.
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Fig. S16. Films measurements on the control and target perovskites: (A) photoluminescence (PL),

(B) time-resolved photoluminescence (TRPL).
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Fig. S17. Device measurements on the control and target perovskites: (A) impedance

spectroscopy, (B) transient photocurrent, (C) transient photovoltage.
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Fig. S18. EQEg| of single-junction perovskite solar cells.
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Test and Cal ibration Center of New Energy Device and Module,

Shanghai Institute of Microsystem and Information Technology,
Chinese Academy of Sciences (SIMIT)

Measurement Report

ReportNo. 24TR090908

Client Name Xinbo Yang’s Group, Soochow University
Client Address No.688 Moye Road, Suzhou, Jiangsu, China
Sample Perovskite/silicon tandem solar cell
Manufacturer Xinbo Yang’s Group, Soochow University
Measurement Date  9"'September, 2024
2 N ESY
- N\ Jham g 2 /
Performed by: Qiang Shi Q—,‘.sw? Sy Date: fwﬁw

Reviewed by:

Approved by:

Wenjie Zhao [/Llew '7Anw Date: o?/o”}-'fﬂﬁ

Yucheng Liu )/u_&(my /Z"ll( Date: 0?/: ?/;J/oby

Address: No.235 Chengbei Road, Jiading, Shanghai

Post Code:201800

E-mail: solarcell@mail.sim.ac.cn

Tel: +86-021-69976905

The measurement report without signature and seal are not valid.
This report shall not be reproduced, except in full, without the approval of SIMIT,
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Sﬁif Report No. 24TR090908

Sample Information

Sample Type Perovskite/silicon tandem solar cell
Serial No. 70-8-2

Lab Internal No. 24090901-8#
Measurement Item I-V characteristic
Measurement Environment 24.3+2.0°C, 43.7+5.0%R.H

Measurement of |-V characteristic

Reference cell PVYM1121

Reference cell Type mono-Si, WPVS, calibrated by NREL (Certificate No. ISO 2098)

Calibration Value/Date of

Calibration for Reference cell e Tl

Standard Test Condition(STC):
Measurement Conditions SpectralDistribution: AM1.5,
Irradiance: 1000+ 50W/m?, Temperature: 25+ 2°C

AAA Steady State Solar Simulator (YSS-T155-2M) / Sep.2023
Measurement Equipment/ Date | y test system (ADCMT 6246) / June. 2024

of Calibration Measuring Microscope (MF-B2017C) / July.2024

Spectral Response Measurement System(CEP-25ML-CAS) / May.2024

|-V Measurement:

Logarithmic sweep in both directions (Voc to Iscand Isc to Voc)
Measurement Method during one flash based on IEC 60904-1:2020;

Spectral Mismatch factor was calculated and |-V correction was
performed according to IEC 60891.

Area: 1.0%(k=2); Isc: 2.2%(k=2); Voc: 1.0%(k=2);

s ricomang Pmax: 2.8%(k=2); Eff: 2.9%(k=2)




| Sﬁﬁ Report No. 24TR090908

====Measurement Results ====

Forward Scan Reverse Scan

(Isc to Voc) (Voc to Isc)
Area 99.15mm’
Isc 20.860 mA 20.875 mA
Voc 1952 V 1955 V
Pmax 31.721 mw 32243 mwW
Ipm 19.146 mA 19.226 mA
Vpm 1657 V 1.677
FF 7792 % 79.01
Eff 3199 % 32,52

- Spectral Mismatch Factor SMM;qp=1.0041,5MMyo=1.0028.

- Designated illumination area defined by a thin mask was measured by measuring microscope.

- Test results listed in this measurement report refer exclusively to the mentioned measured sample.
- The results apply only at the time of the test, and do not imply future performance.

Current [mA]
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Fig.1 I-V curves of the measured sample

-------End of Report-------
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Fig. S19. Independent certification results of the perovskite-silicon tandem solar cell with a 0.9915
cm? aperture mask. The certifying authority is SIMIT (Test and Calibration Center of New Energy

Device and Module, Shanghai Institute of Microsystem and Information Technology, Chinese

Academy of Sciences).
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Fig. S22. Spin-coating of the 1.77 eV WBG perovskite film. (A) In-situ PL images during control

perovskite spin-coating, with the moment of antisolvent drop marked as the 0 second, and the spin-

coating process ending at the 10 second. (B) Extracted in-situ PL curves from (A). (C) In-situ PL

images during target perovskite spin-coating, with the moment of antisolvent drop marked as the

0 second, and the spin-coating process ending at the 10 second. (D) Extracted in-situ PL curves

from (C).
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Fig. S23. Spin-coating of the 1.85 eV WBG perovskite film. (A) In-situ PL images during control
perovskite spin-coating, with the moment of antisolvent drop marked as the 0 second, and the spin-
coating process ending at the 10 second. (B) Extracted in-situ PL curves from (A). (C) In-situ PL
images during target perovskite spin-coating, with the moment of antisolvent drop marked as the
0 second, and the spin-coating process ending at the 10 second. (D) Extracted in-situ PL curves

from (C).
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No:2025DMCS20129 4L 8 T OS2 T page 2 of§
Test Results
i Y E AR g [
Clause Test item(s) Unit Technical requirements Results Pass/Fail
EARHERR R T RRRLE:
25°C£2°C, $RHEE: 1000W/ m’,
) . PRAEAPHON IS EE 2 A5 & 1EC
%?ﬁﬂ-%!‘ﬁ.”{v’f'ﬁi}{ﬂ bl 60904-3 M5 ) . PEFE S BE T
(IEH) T2 - FE T A
1 Cumnt—\‘ol}agc — |AtSTC (module temperature: ) =
characteristic 25°C+2°C. irradiance: 1000W/m?,
measurement standard solar spectral irradiance
(Forward scan) distribution corresponds to
TEC60904-3), measure the current-
voltage characteristics of the cell
with the variation of load.
T
1 |PTHEA Voo v |- 2149 —
Open-circuit voltage, Voe
g [l mA |— 0.8046 —
Short-circuit current, Isc
13 |RAMHE Pmax mw  |[— 1401 —
Maximum-power, Pmax
o N2 AR Vinp
1.4 [Maximum-power voltage, vV o= 1.860 —
Vmp
TR H TR Imp
1.5 |Maximum-power current, mA  |— 07535 —
Imp
HFEHT FF. %
L6 gl factor FF, % = = i -
Pmtzx
. =————_——x 100%
Ly | % _ " Tooow/mrxs T - _
Conversion efficiency 1, % S e AR i £/Area S is ’
determined bv mask
®iE: EAAMTTEN-01V~224V, 53 0.02V, IERGTE: 0.1s; MEEEHHE]L, = % =15.90 mA/em?.

TI FERIRE LB 0 A IR BT TNAR MAE IR ITIAR,  $=5.059 mm?,
Remark: Forward sweep direction: -0. 1V~2.24V  step: 0.02V, delay tme :0.1s. Jo. = % =15.90 mA/cm?
The area used to calculate j,. and Conversion efficiency is determined by mask, $=5.039 mm®.
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No:2025DMCS20129 4L 8 T %3 T page 3 of§
Test Results
i Ko F iy HATR g [
Clause Test item(s) Unit Technical requirements Results Pass/Fail
EARHERR R T RRRLE:
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2 Cumnt—\‘ol}agc — |AtSTC (module temperature: ) =
characteristic 25°C+2°C. irradiance: 1000W/m?,
measurement standard solar spectral irradiance
(Reverse Scan) distribution corresponds to
TEC60904-3), measure the current-
voltage characteristics of the cell
with the variation of load.
T
21 [fTEEHIE Voo v |- 2154 —
Open-circuit voltage, Voe
3z [EHER Lo mA |— 0.8000 —
Short-circuit current, Isc
T mw | 1425 —
Maximum-power, Pmax
fr KTUEE AT Vimp
24 |Maximum-power voltage, Vo= 1.880 —
Vmp
IR hE TR Imp
25 [Maximum-power current, mA  |— 0.7578 —
Imp
AT FF, %
G FF. % I SRS -
n= Lr. x 100%
27 AT, % 1000W/m? x S 5 6
" |Conversion efficiency . % | T[S el E RV Area S is . -
determined by mask

BiE: REHEBTI AN 2.24V~-0.1V, HHE-0.02V, ZEENE: 0.1s; ’kuE’é@.iﬁi—“EHé{L,:% =15.81 mA/em?,

TH SRR B HL S R A R BT A TR o HE AR AR, $=5.059 mm?.
Remark: Reverse sweep direction: 2.24V~-0.1 V_ step: -0.02V._ delay time :0.1s. [, =

< =154 mA/cm?

The arca used Lo calculate J;. and Conversion efficiency is determined by mask, S=5.059 mm?,
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No:2025DMCS20129 L8 S5 T page 5 of8
B oK W g R
Test Results
A
i (S i HATR o
Clause Test item(s) Unit Technical requirements Results Pa:;ﬂ;;jl

TERHERTO R AT F CFRAMRLEE

25°C+2°C, HEERNE: 1000W/ m?,
PR AR NS R IB A A IEC
60904-3 #l5E) . FHEE R AR

for KT P R PTHFEEAAE 5 min, DR E)S
(R Th s IRIERE) Smin i FEAE .
3 |Maximum-power —  |AtSTC (module temperature: 25°C = =
measurement +£2°C, irradiance: 1000W/m?,
(MPPT measurement standard solar spectral irradiance
mcthod) distribution corresponds to
[EC60904-3), continuously scan the
maximum power of sample for 5
min. lake the average Pmax of last 5 -~
min. Y
4
31 Fe NT)EE Pmax oW | 1376 . -
. Maximum-power, Pmax N
RH&X
= % 100%
sy [HEHEER % B 1000W/m? xS o0 B &
' Convcrsion cfficiency 1, % S F R I A /Area S is ' -
determined by mask §
Y 4
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\ ==
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% i1/ Remark:  §=5.059 mm?

Fig. S24. Independent certification results of the all-perovskite tandem solar cell with a 5.059 mm?
aperture mask. The certifying authority is CPTV (National Center of Inspection on Solar
Photovoltaic Products Quality).
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Fig. S25. EQE of all-perovskite tandem solar cell.
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Table S1. Formation energy calculations for CsPbBr;, CsPbl; KPbBr; and KPbl;

perovskite.

CstBr;;

CSPbI3

KPbBr;

KPbl;

Formation Energy

(meV/f.u.)

-164.23

56.39

303.39

481.62
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Table S2. Specific parameters of J-V measurements of 1.68 eV control, target and

perovskite-silicon tandem devices.

Device Voc (V) Jsc (mA cm?) FF (%) PCE (%)
Control-Forward 1.258 21.21 81.70 21.84
Control-Reverse 1.250 20.95 80.56 21.13
Target-Forward 1.289 21.79 83.53 23.50
Target-Reverse 1.278 21.74 84.00 23.36

Tandem 1.985 20.57 81.04 33.08




Table S3. Detailed parameters for each voltage loss component of the Voc-loss measurement.

. Bandgap Voc,so Voc, rad Voc, cal Voc loss
Device AV (V) AV, (V) AV; (V)
(eV) V) V) V) V)
Control 1.682 1.402 0.280 1.381 0.022 1.253 0.128 0.430
Target 1.679 1.400 0.279 1.380 0.020 1.294 0.086 0.385
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Table S4. Specific parameters of J-V measurements of target 1.77 eV single-junction and

all-perovskite tandem devices.

Device Voc (V) Jsc (mA cm?) FF (%) PCE (%)

Single-junction 1.340 18.33 82.93 20.37

Tandem 2.124 16.50 80.41 28.18




Table SS. Specific parameters of J-V measurements of target 1.88 eV single-junction and

perovskite-organic tandem devices.

Device Voc (V) Jsc (mA cm?) FF (%) PCE (%)
Single-junction 1.385 16.34 80.00 18.11
Tandem 2.144 15.69 77.00 25.66
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Note S1. Outdoor Performance Retention Calculation Details

1. Power Conversion Efficiency (PCE) Formula:
The PCE is defined as the ratio of the electrical output power to the incident input power from

solar irradiation:
P P

out out

P. EXA

mn

PCE =

where: Pout W) is the output power, Pin W) is the input power, calculated as the product of
Ny . . 2

solar irradiance E (W/m?) and the device active area 4 ("),

2. Performance Retention Calculation:

Performance retention is the ratio of the final PCE to the initial PCE, expressed as a

percentage:

PCE 1 P ot finat! E finar X A)

Performance retention = __ Jinal X 100% = outinall = fina X 100%
initial Pout, initiat/ B mitiar X A)

Since A is constant, this simplifies to:

P inal E itial
Performance retention = outfina x A 100%

final Pout, initial

3. Calculation for 540-hour Outdoor Test (ISOS-O-2):

Input Data:

Pyt inatiar = 17.20 mW = 0.01720 W
E it = 757.06 W/m?

p =19.90 mW = 0.01823 W

out,final —

2
E finq = 758.84 W/m

Step-by-Step Calculation:

. 0.01823  757.06
Performance retention = X X 100% = 105.74%
758.84 0.01720
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