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Fig. L Characterization of state-of-the-art perovskite/Sitandem solar cells. (A) Schematic illustration of the monolithic perovskite/Si tandem architecture with 4PACz
SAMSs (layer thicknesses are not to scale). (B) Cross-sectional SEM image of a completed tandem device showing the perovskite top cell conformally covering the textured Si
bottom cell. (C) Forward-scan J-V curves (AML5G, 100 mW cm™) after successive periods of MPP tracking at 65°C following the IS0S-L-2 protocol. Color scale denotes the
aging time from 0 to 1200 hours. (D) Temporal evolution of the normalized photovoltaic (PV) parameters PCE, FF, Vo, and Jse over 1200 hours of MPP tracking. Markers
represent the normalized mean values among the three devices, and the connecting traces indicate the SD range.

=L TR C“FRY . TEEARAE SCBRBEE” AR B AR

JFok, &2 AT EREAN CAAERS TR (SAMs) , JEEMJLYPK,
HA YT “HEamEAl” o HERT, XESTFaRAE “REIL” —FA
BRIy FARGIEE, LRl RE, FEOLMHRK6 5, feEftMmimiE g “
E” o XHUE—BEARELEEM LN, EARR SRS IY), — Pk IR, A
BB R (BT 2

WAL IX S <o TN FE iR IR SE AL 2 A [ I BA o 2 B R 27 s v
BT RIK, BT —REER AT FERT - AT — R R T CRUR
(4PACz-DM) , FEFHEBEEEI) “ 00 THFEL” (BPDA) W iX SEFRALE Byt P BB JE AL “ 8427,
TR 2R [ A B T 2% (CL-SAMs)

WRVAE SR T2 “BURIFE” , @il TESEG BAXMEERZE “4
IR TRE” —— o FATEE I TR T, TRRER A = 4E A, BEARE
TERR R, NS ML EE LS, bR R “IRATEME S iR O
e BT TR R, BEORUE TIBATRCR, XNHUE T2 elitk. 7 @iniEEY
RAEFIZ I LETE S V)

35



1
. 1226 R ::sﬂne-i%z
j &y & b 5 -
A A & ¢ b "15"}"’\‘ '|5:. 1.2 . p—
- = < |—Ft
PICIR T TIRLIC I < g
EOEETS TS0 B 2 =
4 i @ 0 R=14x10"0
L 1.0-
e 3
".‘; e = R,=25«10°0
08— -1
=200 =100 0 100 200
E Voltage (mV)
20
4PACzZ Pristine 4PACz Aged
1.6+

Current (nA)
Current (nA)
= -
=

=
A
\

Aged

4PACz Pristine

O 35
CPD (V)

Counts

& 3

2 o ;

0.20

250 300 350
CPD (mV)

Fig. 2. Thermal aging degrades charge transport in monomeric 4PACz SAMs. (A) Schematic of the ITO/4PACz/
perovskite (PVK) interface. 4PACz molecules chemisorb onto the ITO surface, forming a hole-selective contact beneath the
perovskite absorber. (B) QFLS of perovskite films deposited on bare ITO, pristine 4PACz-modified ITO, the same substrate
after 500 hours of thermal aging at 100°C, and a separately aged 4PACz/1TO substrate. (C) Point-contact |-V characteristics
acquired by C-AFM on pristine and thermally aged 4PACz SAMs. Linear fit was used to determine monolayer resistance.

(D and E) Corresponding C-AFM current maps (D) and spatially averaged current (E) of pristine and aged 4PACz SAMs.
Error bars represent SD. (Fand G) KPFM surface potential maps (F) and corresponding CPD histograms (G) of pristine and
aged 4PACz SAMs. The distributions were fit using Gaussian functions.
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Fig. 4. Photovoltaic performance of perovskite/Si tandem solar cells with CL-SAMs. (A) Photographs of the encapsulated 1.05-cm” device showing the illuminated front
surface and metal back contact. (B) J-V characteristics measured under AML5G illumination (100 mW cm™?)at 25°C, along with the pseuda-J-V curves derived from suns-Vog
measurements. A certified PCE of 33.61% was obtained at the National Photovoltaic Center in China (inset stamp). (C) EQE spectra of the perovskite and silicon subcells. Their
similar integrated current densities confirm nearly perfect current matching. (D and E) Reverse (D) and forward (E) J-V' curves (AM1.5G, 100 mW cri~?) after successive periods
of MPP tracking at 65°C following the ISOS-L-2 protocol. Color scale denotes the aging time from O to 1200 hours. (F) Normalized PCE retention for perovskite/Si tandems
tested under ISOS-L-1 (gray) and ISOS-L-2 (blue) conditions, comparing reported device properties with the most durable device presented in this work. (G and H) Temporal
evolution of the normalized PV parameters PCE, FF, Voc, and Jsc over 1200 hours of MPP tracking for three devices recorded with periodic reverse (G)and forward (H) scans
under identical conditions. Markers represent the normalized mean values, and the connecting traces indicate the SD range.
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