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Figure S1. Temperature-dependent z-average diameter (d-) of poly(N-isopropylacrylamide)

microgels (PNP MG) in H,O measured using dynamic light scattering (DLS).
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Figure S2. (a) Titration data for the PNP MG arfd) pH-dependent-average diameter. The data

were obtained at 25 °C. The effectiv€aps the pH corresponding to 50% neutralisation )n (a
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Figure S3. (a) MFXMGy film compositions used for AVT measuremeiffity Selected transmittance
spectra for Mk films. (c) AVT values of the Mk films. Photographs of the film&@{ mm x 15 mm)
used are showrfd) AVT values for the MEMGy films plotted as a function ¢f See Figure 8c for

the spectra(e) Photographs of the films used for (d).
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Figure $4. Transmittance spectra of MG5, MG15MG5 and the tsates(Glass/ITO/bl-TiQ). There

is no significant difference between the transmiteaof the substrate with and without the MG5 film.
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Figure S5. Hysteresis index (HI) values for the various desicEhe latter values were calculated

using: HI = 100 x [(PCkev— PCEwd)/PCEre\).
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Figure S6. Line profiles for (a) MF15 (b) MF15MGO.5, (¢) MF15MG1.5 and (d) MF15MGS5.0.

Expanded views on the right-hand side show the highlighted features at a 1:1 scale.
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Figure S7. Nanopore diameter distribution measured for (a) MF15MGO0.5, (b) MF15MGL.5 and (c)
MF15MGS5 from SEM. (d) Average nanopore diameters from (a) — (c). (e) Distribution of inner

nanopore diameters for MF15MG0.5 measured from AFM. The average diameter is 456 + 87 nm.
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Figure S8. Grain size distributions ((a) — (d)) and average grain sizes (e) for the perovskite films.



10

g
777, 2=
=
Sa
g
\“3 2~:ﬂo.u|u =
)

(d)

o 0. o o 0.
o o o o
o n o n
N - -
wu / pouad
m
N
S~
QE
c
- S—
19
. e A (e
2772277722224 "
(2 2 )
77 Lo
“sa
-
S
v
e
O © UV © OV © v o
M M N N «~
= junod
o)
—

1000 1500 2000 2500 3000

=5
O e FIIF IS,

PR s SSHISHIEIHIIIHIIIHS
SILISISLSES SIS S SIS LSS A1

LIETIIEIII LI I EII I I IIIEIIIFIEIFIEIHIIFIIEh
S Sb s 0 S RIS IS I I IS IHIIIHILIHILIHIIIFIIHIIIEs
S e
n\\\\\\\a\

500

=)
~N - -
juno)

(€) 5

Period (nm)

Figure S9. Center-to-center distance (period) distributions for the nanopores in (a) MF15MGO.5, (b)

MF15MG1.5 and (¢) MF15MGS measured from SEM images. (d) Average period values from (a) to

(©).
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Figure S10. Thicknesses of the films studied determined f&EM cross-sections.
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Discussion concerning the formation of 2D nanopore arraysin perovskite films

An interesting question concerns how the MGs caectiformation of the remarkably well-ordered
2D nanohole arrays evident from Figure 5. By extanf the current understanding of the
mechanism for the deposition of non-close-packesdenal PNP NGsthe present MGs are likely
initially adsorbed to the solvent-air interfaceted beginning of spin-coating. They form hexaganall
close-packed arrays with inter-MG spacing contblyg their initial (swollen) diameter as depicted
in Figure S11. As the solvent evaporates the swdll&s are deposited on the substrate and become
immobilized. The MGs de-swell and flatten whilseperving their original 2D array locations. Well-
defined spaces form between the dried MGs due todéGwelling. As solvent further evaporates
the perovskite crystals grow and the MGs flattemhier. Crystal growth is restricted to the spaces
between the deposited MGs and nanopores resulteéme hexagonal close-packing of MGs that
existed at the solvent-air interfaces is transtetcehexagonal non-close-packing of 2D nanopores

within the perovskite layer.

MG Air
N
E ti
% vaporation Perovskite
Perovskite ? T J,
precursor . e N .
solution :> @ @ . @ |:> r Ny ey
Initial MG anchoring and de-swelling Crystal growth and

+ Perovskite crystallization MG flattening

Figure S11. Depiction of proposed mechanism for formationhaf perovskite films containing MG-

templated nanopores.



Parameter Value
Perovskite thickness | 145 +33 nm
Device AVT 22.04%

Forward PCE

6.18% +0.47

Reverse PCE

7.62% +0.59

Best PCE

8.60%

LUE

1.68%
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Figure S12. (a) Digital photograph of a MF18 STPSC and key pararseféhe(b) short-circuit
current density(c) open circuit voltage(d) fill factor and(e) power conversion efficiency data are

shown for MF18 devices as box plots.
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Figure S13. (a) Time-resolved PL profiles for the films afito) decay time constants from the fits to
the data shown in (a). The fits were obtained using Aexp(4/7), wherelp., A and 7 are the PL
intensity, pre-exponential factor and decay timastant, respectively. ThA values for MF15,

MF15MGO0.5, MF15MGL1.5 and MF15MG5 were 434, 412, 4bh8 399 counts, respectively.
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Figure S14. XPS 3d | core-level spectra for MF15MG5 and MF18.
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Figure S15. (a) Bode plots an¢b) Nyquist plots for the device&) and(d) show the series resistance

(Rs) and parallel resistance {Robtained by fitting the data using the circuitdabshown in (d).
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Figure S16. UPS spectra showin@) the cut-off region anb) the valence band edge region for the
films. The work functions were obtained from th&atience ofhv and the cut-off values in (a) and
are equal in magnitude to the Fermi enefgpy).(The values foEywwm - EF were obtained from (byim

is the valence band maximum). The conduction banchmim values E«m) were obtained using the

sum ofEvem andEg (from Fig. S17)(c) Band energy levels. The HOMO for Spiro is from R&f
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Figure S17. Tauc plots and optical band gap values for thdistufilms.
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Figure S18. Depiction of the geometry used for the FDTD siniolaof MF15MG1.5. The optical
constants reported for €8FAPIyss were used for the simulatidriThe nanopore diameter and layer

thicknesses used are shown. See Table S4 fortibe ©tstems.
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Figure S19. Simulated transmittance spectra for the MF15Miins or MG-free uniform MF15

films with the same respective thickness.
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Figure S20. Variation of light utilization efficiency with{a) PCE andb) AVT. The linear fits are

applied to all the devices with the exception of MKsee text).
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Table S1. Comparison of MG diameters measured under diftezenditions.

Solvent dz 3/nm PDF
H20 590 0.003
DMF/DMSO 780 0.16

a z-average diameter measured at 25°®blydispersity index.
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Table S2. Photovoltaic parameters of the systems studied.

System Scan direction] ,M\olts) X (MA.cm?) FF (%) PCE (%)

MF15 Forward 0.62-0.009 | 14.22-1.53 43.96:0.81 | 3.87+0.15
Reverse 0.630.009 | 14.17 1.46 54.21£ 0.65 | 5.28£0.26
Best 0.69 16.34 54.06 6.16

MF15MG0.5 | Forward 0.830.02 | 15.76:0.32 59.61 1.42 | 7.89:0.39
Reverse 0.8¢0.01 | 15.7A0.30 65.710.96 | 9.24+0.34
Best 0.90 16.07 66.43 9.68

MF15MG1.5 | Forward 0.840.03 | 17.23:0.44 63.4742.83 | 9.23:0.75
Reverse 0.820.02 | 17.13:0.43 68.30: 4.27 | 10.26:0.87
Best 0.90 17.44 73.76 11.64

MF15MG5 Forward 0.7%0.03 14.13t 0.67 55.06+ 2.36 | 5.87+0.43
Reverse 0.820.02 | 14.15:0.67 61.13:1.84 | 7.13:0.42
Best 0.83 14.94 62.88 7.82
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Table S3. Summary of representative STPSCs.

Number Top Device structure PCE AVT Reference
in Fig. 3f electrode (%) (%)
R1 ITO ITO/NIOxMAPDI3//PCBM/AZO/ITO 12.52 11 4
R2 Cu ITO/NiIOW/MAPDIz/PCBM/PEIE/Cu 11.95 20 5
R3 1IZTO |TO/Niox/CSo,]jd:Aojd\AA0_07d3b(|0,87d3ro_12§3/ 13.61 24.7 6
PMMA:PCBM/TS-IZTO
R4 BCP/Ag/ | ITO/PEDOT:PSS/MAPBIPCBM/AgNCs/BCP/Ag/ 9.73 17.8 7
MoOs MoOs
R5 AgNWs ITO/PEDOT:PSS/MAPRBICIL/PCBM/ZnO/AgNWs | 8.50 28.4 8
R6 AgNWs ITO/PEDOT:PSS/MAPYPCBM/ALD ZnO/ 10.80 25.5 9
AgNWSs/ALD Al,Os-coated PET
R7 Au FTO/c-TiO/meso-TiQ/Cs 20FAo.sdPb(b.6Bro.4)3 10.03 28 1C
/Spiro/Au
R8 Ag ITO/PEDOT:PSS/MAPRIPCBM/Gso/ AUH/Ag 9.40 29 1
R9 MoGQs/Au/ | ITO/Ced/ MAPDI3.,Br/Spiro-OMeTAD/MoQ/ Au/ 14.15 9 12
MoOs MoOs3
R10 MoQ/Au/ | FTO/SNQ/Cso-SAM/CS.0(MA0.15FAo.s5)Pb 16.10 10.1 13
MoOs3 (|o_ssBI'o_ls)#VNPB/MOOa/AU/MOOg
R11 IZTO ITO/NiIOWMAPDIz/PCBM/ZnO/1ZTO 12.85 8.35 14
R12 Ag FTO/c-TiQ/PS-CM/SnG/MAPbDI3/Spiro-OMeTAD/ | 10.30 38 1s
Ag
R13 Au/LiF ITO/PEDOT:PSS/polyTPD/MAPBIPCBM/AU/LIF 6.4 29 1€
R14 Au FTO/c-TiG/meso-TiQ+Al O3 NPs/MAPbE/Spiro- 8 14.5 17
OMeTAD/Au
R15 Au FTO/ c-TiG/FAPbL/SpiroOMeTAD/Au 6.4 33.6 18
R16 MoQ/AuU/ | FTO/ c-TiG/MAPDbI3/Spiro-OMeTAD/MoQ/Au / 13.6 7 1¢
MoOs3 MoOs3
R17 Ag ITO/PEDOT:PSS/PVP/MAPBLCI/CYTOP/PCBM/| 5.36 34 2C
PEIE/Ag
R18 Ag/CsF ITO/NIOYMAPbIz/PCBM/Zr(acacyAg/CsF 11.74 23 21
R19 Au FTO/c-TiG/AAO+ MAPDI3Cl./Spiro-OMeTAD/Au 9.6 33.4 22
R20 Ag ITO/PEDOT:PSS/MAPRILCI/PCBM/D-ZnO/Ag 3.6 46 23
R21 Ag FTO/c-TiQ/MAPDI3.(SCN)/Spiro-OMeTAD/Ag 4.4 22.8 24
R22 Au FTO/c-TiO/MAPDI3*xCH3NH2/SWCNT/Ni 11.3 68 pas
Microgrid/PEDOT:PSS/Au
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Table $4. Geometric parameters used for FDTD simulationtheMFxMGy films.

System Thickness / nm Nanopore diameter / nrin Period /[ni@ypord
MF15 54 - - -
MF15MGO0.5 | 128 456 2060 0.04
MF15MG1.5 | 146 469 1320 0.11
MF15MG5 155 237 675 0.11

@ Fractional surface area occupied by the nanopbreserage diameter from AFM data.
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