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Figure. S1. Top-view of scanning electron microscopy (SEM) image of (a) ITO/SnO,-

KCVKF/CFM/M-QDs film, and (b) ITO/SnO,-KCI/KF/CFM/OAL film.

Note: CFM, M-QDS and OAI are the abbreviations of CSO_05(FAO.85MAO_15)0_95Pb(10_85BI'0_15)3,

MAPDBr; quantum-dots, and n-octylammonium iodide, respectively.

E-mail: lifm@henu.edu.cn (F. Li), leehl@henu.edu.cn (H. Li) and chongchen@henu.edu.cn (C. Chen).
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Figure S2. Characterization of morphological and optical properties for M-QDs (a) TEM, the
insets show the lattice stripe image and statistical chart of quantum dot size, (b) XRD patten, (c)

UV-vis absorption spectra, the inset shows the image of M-QDs solution under UV lamp.

Note for Figure S2: Transmission electron microscopy (TEM) were performed to determine the
size and mass of the prepared M-QDs (Fig. S2a). The M-QDs have a uniform grain size which
statistical data (the inset 2 in Fig. S2a) yielded an average of 8.6 nm, demonstrating their quantum
nature and neat alignment. The lattice stripes (the inset 1 in Fig. S2a) show a lattice spacing of
2.82 A, which is consistent with the (0 0 2) crystal plane, according to the X-ray diffraction (XRD)
result (in Fig. S2b). Fig. S2¢ shows the ultraviolet-visible (UV-vis) absorption spectra of the M-
QDs film, in which the absorption edge is about 540 nm, corresponding to the phenomenon of

emitting green fluorescence of QDs (the inset in Fig. S2¢).
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Figure S3. XRD pattens of OAI-CFM, M-QDs-CFM and control CFM films.
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Figure S4. UV-vis absorption spectra of OAI-CFM and M-QDs-CFM. The inset shows their band

&ap.



Table S1. Fitted parameters of TRPL spectrta of control CFM and TSTP CFM films quartz

substrates. The T, is calculated from the equation of T, =(A;*1:2+A2*1:%)/ (A1*11+AL*10).

Ai(%) Ty (M) Ax(%) T2 (H5) Tavg (PS)
Control CFM 10.4 0.75 89.5 2.16 2.11
TSTP-CFM 76.04 0.11 23.96 6.04 5.72
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Figure S5. The current density-voltage (J-V) characteristic of (a) M-QDs-CFM, (b) OAI-CFM

devices, including forward scans (FS) and reverse scans (RS).

Table S2. Performance parameters for FS and RS of the control CFM and TSTP-CFM devices.

The hysteresis index (HI) is determined using the equation of HI = (PCEgs-PCERs)/PCEFs.

Voe (V) Je(mA cm?2)  PCE (%) FF HI(%)
M-QDs-CFM FS 1.17 23.40 20.81% 0.76 6.3%
M-QDs-CFM RS 1.15 23.24 19.51% 0.73
OAI-CFM FS 1.18 23.83 20.53% 0.73 0.8%

OAI-CFM RS 1.17 24.17 20.36% 0.72
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Figure S6. (a) Statistical plot of J-V parameters based on M-QDs-CFM and OAI-CFM devices, (b)

PCE statistical chart of four different structure devices in this work.

Table S3. The electrochemical impedance spectroscopy (EIS) fitting results of Control CFM and
TSTP-CFM devices.

Rs (Q cmZ) Rtrans (Q cmZ) Rrec (Q cmZ) Ctrans (HF cm-Z) Crec ("F cm-Z)
Control CFM 72 400.7 365.8 0.88 0.73
TSTP-CFM 59.5 282.8 891.9 1.09 0.85



(@) (b)
1.0} =, ., 1.0
? X - \.\ ?
& 08} T, | < 08}
= = — .
£ 0.6 £ 0.6} 'K-___,:.
= g i . < =
] Air ambient stability ——=— M-QDs-CFM 51 M.
N o o R OVATL N | —=—M-QDs.CFM
-Té 0.4} RH:30%z=10% OAI-CFM TE“ 0.4F . oALCFM
= - Nitrogen atmosphere
Zc 0.2 @ - @ 2 0.2¢ Long-term heating environment
= EETTE  TE Temperature: 85°C
0.0 - . v . 0.0% . . . - .
0 500 1000 1500 2000 0 200 400 600 800 1000
Time (hours) Time (hours)
()
= 1.0 'T\
=
= 0.8 ““'.\\
= ®.
Q '——.y.& \.
& 0.6f \
=
S
= 0.4
g N, environment —=— M-QDs-CFM
,2 0.2 | Continuous light —+— OAI-CFM
Light intensity :100 mW c¢m™
0.0

[II 1[IIO 260 360 4[IIO 560 6II)0
Time (hours)
Fig. S7. Long-term stability of un-encapsulated devices based on the OAI-CFM and M-QDs-CFM

(a) in air with a relative humidity of ~30%, (b) in an N, environment at constant temperature of

85°C, and (c) in an N, environment under continuous light soaking at 100 mW c¢m2.
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Figure S8. J-V characteristics of the control CFM and TSTP-CFM devices scanning from -0.5 V

to 0.5 V in the dark.



