


in the module was exposed to the surroundings temperature, whose actual temperature was
measured a40 € . The thcknesesof polytetrafluoroethylene (PTFE) bounding baere D, 35

and50 ¢ mwhich were used to adjust thicknesdarhinar MAPbBr; SCs. The typical growing

time is two daysFinally, the CHNH3;PbB# crystalfilms grownon FTO or TiO, coatedFTO were
separted and wiped with filter paper to remove residual solutiarefilly. Then a holdransport

material solution consisting o273 mg spireMeOTAD, 28.8 uLt-BP, 9.1 mgLi-TFSi and 1 mL
chlorobenzene was spaoated onto the surface of perovskite at 5000 figr 60 s. Finally, a Au

layer was deposited by magnetron sputtering.

Characterization. The morphologiesthickneses and absorption spectraf the sample @ere
examined byscanning electron microscope fEM (HitachiSUB010) step profiler(Ambios
XP-1) and Shimazu(UV-3600. The phase purity of the samples was characterized by powder
X-ray diffraction (XRD)ona Ri gaku Mini Flex 600 wusi.nthe Cu KU
steadystate photoluminescence (PL) and timeolved photoluminescence (TRPit 540 nm
with excitationlight of 472.0 nm) were measuredia Edinburgh Instruments LTD (FLSP920)
The photovoltaic performance BSG were recorded using a Keithley 2400 source meter under
one sun AM 1.5 G (100 mW cillumination with a solar light simutar (Oriel, Model: 91192)
which calibrated with a NREL standard Si solar c&le active areas of all solar cells were
defined bygraphics softwareThe incident phototo-current conversion efficiency (IPCE) spectra
were recorded on a Keithley 2000 muléter as a function of wavelength on the basis of a
Spectral Products DK240 monochromator.

SCLC measurement The MAPDBr; SC (thickness ofl 6 )avas grow on aninsulated glass
substrate The samplavas patterned with20 nm thick Au electrodesvhich structured a channel
of 0.5 mm.Then, |-V characteristiavas measured bieithley 2400 under darkThetrap density

(nyap) @andmobilty (g) of sample was cal¢ated by the equatioh:
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wheree is the elementary chargk,is thechannel width(0.5 mm),(§ is permittivity of vacuum

andUis dielectric constanof MAPbBr:.*° The trapfilled limit voltage (/rr) was obtained from
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I-V curveand the V is thappliedvoltagein| n t h ereg@ne(cybnd. 6 s

Transient photovoltage (TPV) and transientphotocurrent (TPC) measurement.Steadyand
transientlight intensitywere offered bya white LED and laser (45%m), respectivly. For TPV
measurementhe transient voltag decaywas direcly monitored by an aslloscopewith high
impedancd1Mq, Tektronix TDS2014C)The pulse intensitwas adjustedo maintain a transient
photovoltage signal with an amplitudéabout 20 mVFor TPC measuremeraesistor (50 ohms)
was load on devicéorming circuit The photaurrentsignal on theresistorwas monitoredvia

signal amplifierandoscilloscope
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Fig. S1.Schenatic diagram ofjrowth modulga) andlocal heatingvith homothermahluminium

block (b) for the laminar MAPbBy SCs
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Fig. S2. XRD patternof the flat MAPbBg SC on TiQ-coated FTQylass
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Fig. S3. Calculation of the optical bandgap (8.2V) via corresponding Tauc plofer thelaminar

MAPDBr; SC on TiQ-coated FTQylass

Fig. S4.High magnification SEM the interface ®fO, coated FTQylassMAPbBr; SC.
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Fig. S5. The boxchart images ophotovoltaic parameters f&0 devices which extracted from

measuring-V curves at simulated one sun illumination (100 mWcAM 1.5G).



Fig. S6. TPC (ac) andTPV (d-f) curvesof cell (I) FTO/PVK/Au, (1) FTO/TIO,/PVK/Au and (lII)

FTOITiO/PVK/HTM/Au.

Fig. S7. The stability test ofthe cell (lll) as a function of storage time iy air without

encapsulation

Fig. S8. Thickness curves of laminar MAPbB3Cs with differenPTFE thin membrane &0, 35

and 5viastepprofiler



