Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2023

Supplementary Information

Phase-segregation free Quasi-2D Perovskite/Organic Tandem Solar
Cells with Low Vo Loss and Efficiency beyond 21%

Haotian Wu,? Tianyi Chen,? Yaokai Li,* Shitao Guan,? Lin Zhang,* Tingjun Chen,?
Yang Liu," Yizheng Jin,® Lijian Zuo,* Weifei Fu,”® Gang Wu," 2 Hongzheng Chen,"?

@ MOE Key Laboratory of Macromolecular Synthesis and Functionalization, State Key
Laboratory of Silicon Materials, Department of Polymer Science and Engineering,
Zhejiang University, Hangzhou 310027, P. R. China

b Key Laboratory of Excited-State Materials of Zhejiang Province, State Key
Laboratory of Silicon Materials, Department of Chemistry, Zhejiang University,
Hangzhou, China

* Corresponding Authors.
e-mail: zjufwf(@zju.edu.cn; wmang@zju.edu.cn; hzchen@zju.edu.cn

) e Hef v OO
NE:

Poly-TPD F4-TCNQ

Figure S1. Schematic structure of Poly-TPD, F4-TCNQ and PTAA.
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Figure S2. Transmission spectra of ITO glass coated by NiO,/PTAA or NiO,/Poly-TPD.
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Figure S3. Top-view (a, b) and cross-sectional (c, d) SEM images of the BA| sPEA;,MA;Pbgl;;
films deposited on different substrate.
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Figure S4. X-ray diffraction patterns of BA;sPEA;,MA;Pbyl;; films deposited on different
substrate.
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Figure S5. The UPS spectra of Poly-TPD, PTAA modified NiOx film (a), (b) and BA| sPEA,,MA,,.
1Pb,I5,41 film deposited on NiOx/Poly-TPD (c), (d).
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Figure S6. I-V curves of the devices with structure of ITO/modified NiO,/Au.
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Figure S7. J-V curves and photovoltaic parameters of the BA| sPEA;,MA;Pbyl;; PSC devices
based on PTAA and Poly-TPD modified NiO, under AM1.5G (100 mW cm2) illumination.
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Figure S8. Distribution of V. (a), Js. (b) , FF (¢) and PCE (d) for BA; sPEA,,MA;Pbsl3 PSC
devices based on PTAA and Poly-TPD.
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Figure S9. Cross-sectional SEM images and X-ray diffraction (XRD) patterns of BA| sPEA ,MA,,.
1Pb,l3,41 films deposited on Poly-TPD.

15 20
a b
Bf
- o 2 57
~ £
e e :
« 16}
S1al & g
g Ses | (™
- @ =t
12}
A ; ; ; qali i ; ; .
n=3 n=35 n=4 n=45 n=5 n=3 n=35 n=4 n=45 n=5
90 19
as| ¢ 18f d

3 | e §,5: ﬁ%
e i e 0 65 B 1

n=3 n=35 n=4 n=45 n=5§ n=3 n=35 n=4 n=45 n=5

Figure S10. Distribution of V. (a), Ji (b) , FF (c) and PCE (d) for BA; sPEA(,MA, 1Pb,l5,+ PSC
devices deposited on Poly-TPD.
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Figure S11. UV-Vis absorption spectra of BA| sPEA;,MA,_|Pb,l5,; and PM6:BTP-eC9 film.
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Figure S12. EQE spectra of BA| sPEA(,;MA,, | Pb,l5,+; PSC devices deposited on Poly-TPD.
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Figure S13. PL characteristics of the perovskite film before and after 470 nm UV irradiation. (a)
Br/I mixed 3D perovskite under 15 min UV irradiation; (b) quasi-2D perovskite under 35min UV

irradiation.
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Figure S14. J-V curves of quasi-2D perovskite/organic TSCs based on BA ;| sPEA;,;MA,, 1Pb,l3,41
of different n value under AM1.5G (100 mW cm2) illumination.
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Figure S15. EQE curves of quasi-2D perovskite/organic TSCs based on BA| sPEA(,;MA,, 1 Pb,l3,41
of different n value under AM1.5G (100 mW cm2) illumination.
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where ¢, KB, h, c, Eg is the elementary charge, Boltzmann constant, Planck constant,

SQ
light speed in the vacuum and the bandgap of perovskite, respectively. Voc is the

AV

Shockley-Queisser limit of open circuit voltage, = oc is the loss component related to

(E). AV

non-ideal Q. oc is the V,. loss related to the sub-bandgap radiative

recombination.With the assumption of no sub-bandgap region is extended, Q.(E) is

given by the equation of:

_[( 0, E<Eg
Q.(E) ‘{0.9, E>Eg

AVrad AVnonrad
Then the =" oc for all n-value perovsktie was calculated to be 2.7meV. oc isthe

Voc loss resulted from non radiative recombination. The bandgap of different n value

2D perosvkite could be obtained from the emission peak of the PL spectrum.

Dy (ED, D p1.5(E) is solar cell radiative spectrum and black-body radiative spectrum,



SQ 1SQ rad
respectively, which is shown in Figure S16. Jsé:Jgrand]

0 is short-circuit current in

S-Q limit, dark saturation current in S-Q limit and dark saturation current considering

insuffient photon utilization and no extra EQE extending.
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Figure S16. (a) The black body spectrum ¢BB*e at 300 K, (b) AM1.5G spectra.
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Figure S17. (a) Injection current of BA| sPEA(,MA,,.1Pb,l3,+1 perovskite devices in light-emitting
diode (LED) mode under different voltages. (b) EQEg, values of the devices with various injection

current.



[y
=]

o 5
g ]
0
E_, 5 ——0sC
5}_10.. Voe Jse FF PCE
g (V) (mA em?) (%) (%)
S 151 084 266 782 175 |
]
S 20- J
t J
= -25-
o
-30 —
0.0 0.2 0.4 0.6 0.8
Voltage (V)

Figure S18. J-V curve and photovoltaic parameters of the OSC device.



Table S1. Summary of the photovoltaic parameters of reported perovskite/organic

TSCs.
Front Subcell
Structure Eg Voc ?(/)(S)Z PCE IZOC/OI)E Stability Ref
0,
V) | (V) V) (%)
ITO/Poly-
TPD/MAg osF Aq Pbl N
Br(SCN)o.1» 1.72 1.19 | 0.53 174 | 21.2 unencapzéulated 2
/PCs;BM/BCP/Au/Mo ’ ’ ’ ’ ) MPP: T90=75h
03/PM6:CH1007/PFN ’
-Br/Ag
ITO/2PACZ/
FAo‘gMAOAPb(IOﬁBI’OA Nz, 250C, uv
)3/Ceo/BCP/Ag/MoOx | 1.79 1.25 0.54 17.6 22.0 light soaking 3
/PTB7-Th:BTPV-4Cl- T85=720h
e¢C9/PDINN/Ag
ITO/SHOz/CSPbII_gBrl N». 25°C
»/PBDB-T/MoOs/ e
Aw/7ZnO/PEN/PM6:Y 1.94 1.22 0.72 | 13.37 | 21.0 Tgi\iligb()h 4
6/MoO3/Al
ITO/(NiO,/BPA)/
Cs0.25F A 75Pb(Ig 6Bro 4
)3/Cso/BCP/IZO/MoO | 1.79 | 126 | 0.53 | 17.8 | 23.6 ﬁé’;aﬁégﬁﬁﬁ’h 5
3/PM6:Y6:PC,BM/P )
NDIT-F3N/Ag
ITO/(NiO,/MeO-
2PACZ)/
FA(5Cso2Pb(IgsBrgs)s
/PCg BM/AZO- N,
NP/ALD-SnOyALD- | 185 | 134 1 051 1168 1 240 | \ipp ro0-100n | ©
IHOX/MOO3/
PM6:Y6:PC61BM/Cq
ITO/ZnO/SnO,/CsPbl
2BI‘
/PDCBT/Mo0O3/Ag/Z 1.9 1.27 | 0.63 | 14.5 18.4 / 7
nO/PM6:Y6/MoOs/A
g
ITO/NiO,/FAqsMAy
2Cs.18Pbl; gBr 2/Ceo/ N,
BEPIAgMOOSPED 1177 | 11 | 066 | 140 | 206 MPP: 8
. T100=100h
2F:Y6:PC;,BM/TPBi1/
Ag
ITO/NiO,/Poly-TPD/ RH=50-80%,
BA1sPEAo;MA sPbs. ambient This
5111.5/PCs1BM/BCP/A 1.71 1.32 0.39 16.6 21.3 capsulatio,n, work
u/MoOx/PM6:BTP- MPP- T90>500h
eC9/PFN/Ag




Table S2. Photovoltaic parameters of reported quasi-2D PSCs.

Structure Voe Jse FF PCE Eg Ve loss Ref
V) mAcm?) (%) (%)  (eV) M) )
ITO/(NiOJ/PTAA)/
GAMP)(MAg-sFAgs)Pbaliy 124 1951 7727 1867 159 035 9
PCoBM/BCP/Ag
ITO/PTAA/
AAMAPL JCrBCPAg 124 1869 7913 1834 1es 041 10
ITO/PTAA/(AFPEA),(MA),P
bel PO BM/PEUAG 116 1900 7898 1734 161 045 11
ITO/PTAA//(PEA),(MA)Pbs
Ly POLBMEL AL 122 1791 824 1804 168 046 12
ITO/PEDOT:PSS/(ThMA )(F
VPO PC. BAUBCPAy 108 2339 758 1906 150 042 13
ITO/PEDOT:PSS/(NpMA)s(
MANPLL /PO BM/BCDAg 124 2089 6635 1725 162 038 14
ITO/PTAA/(4FPEA),(FA)4Pb
T PC BMBCBIAL 118 2245 7953 2107 154 036 15
ITO/PEDOT:PSS/(ThFA)y(M
AnPbil,/PM6:Y6:PCqBM/B  1.12 2307 7382 1915 161 049 16
CP/Ag
ITO/PTAA/(F-
PEA)>(MA)sPbsl, 5/ 121 1904 785 181 163 042 17
PCo;BM/PEl/Ag
ITO/PEDOT:PSS/(PEA),(MA
PbIPC BMBCPAg 120 1852 8339 1848 L6s 045 I8
ITOPTAAAAMASPDL/Cs ) ) 1957 8029 1842 1.60 036 19

o/BCP/Ag




Table S3. Summary of the photovoltaic parameters for the BA,sPEA,,MA,.
{Pb,I3,+1 PSC devices based on NiO,/poly-TPD under AM1.5G (100 mW cm2)
illumination.

Ve (miwc . FF PCEnme Vo loss
V) 2) (%) (%) V)

3 1.35 15.2 754 15.4/14.4 0.38

3.5 1.32 16.6 75.9 16.6/15.0 0.39

4 1.29 17.4 754 16.9/16.2 0.40

45 1.27 18.2 74.6  17.2/16.4 0.41

5 1.26 18.3 74.7 17.1/16.4 0.41




nonrad rad SQ
Table S4. Values of EQEg;, and calculated AV oc R AV o R AVOC, Voc, timit of the

quasi-2D PSCs with different n value.

value Eg/EEL vie vt aved A Voc, timit
O My W V) V)
3 1.797 1.45 0.104  0.0027  0.006578 1.34
3.5 2.485 1.42 0.096  0.0027  0.005079 1.32
4 1.903 1.41 0.103  0.0027  0.004368 1.30
4.5 1.487 1.40 0.109  0.0027  0.003579 1.28
5 0.556 1.39 0.134  0.0027  0.003684 1.25

Table SS. Photovoltaic parameters of the OSC device under AM1.5G (100 mW
cm?) illumination.

J.
Ve *  FF  PCE
v AT

0.84 26.6 782 175

Table S6. The highest calculated J;. for quais-2D perovskite/organic TSCs with
different n value and the corresponding thickness of the active layer for front/rear
subcells.

Film Thickness (nm) Joe
n value ; . ‘
organic perovskite (mA cm?)
3 100 460 14.8
3.5 120 420 154
4 120 340 154
4.5 140 300 15.3

5 140 260 15.3
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