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15 Figure S1. Water contact angle of NiMgO, surface with and without 4PADCB interlayers.
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Figure S2. Electrostatic potential (ESP) mapping image of 4PADCB molecule.
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Figure S3. Scanning electron microscopy (SEM) image of (a) FTO/NiMgO, and (b)
FTO/NiMgO,/4PADCB surface.
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Figure S4. Surface morphology analysis of perovskite films deposited on different underlying
layers. a) Scanning Electron Microscopy (SEM) image of the perovskite film surface on the
pristine NiMgOy substrate and b) on the NiMgO,/4PADCB surfaces. c) High-magnification
SEM image of the perovskite surface on NiMgO, and d) on NiMgO,/4PADCB.
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Figure S5. SEM analysis of perovskite film morphology showing films fabricated a,c) without
and b,d) with the 4PACz additive in perovskite precursor solution, comparing deposition on
a,b) the pristine NiMgOy, and c,d) the NiMgO,/4PADCB surfaces.
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Figure S6. Surface topography analysis of perovskite films via Atomic Force Microscopy
(AFM). a) AFM image and corresponding surface roughness data for the perovskite film
deposited on the pristine NiMgOy layer and b) on the NiMgO,/4PADCB interface.
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Figure S7. XRD spectra of perovskite on NiMgOy and NiMgO,/4PADCB layers.
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Figure S8. XPS depth profile analysis showing the evolution of the Pb 4f and Br 3d core-level
spectra with etching time on NiMgO,/4PADCB surface.
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Figure S9. Photoluminescence quantum yield (PLQY) of perovskite on NiMgO, with and
without SAM interlayers.



78

79
80
81
82
83

84

On NiMgO,

KN
o
(N

-
o
[=]

Normalized intensity (a.u.)
S

o

Model ExpDec3
; y=Al"exp(-xtl) + AZ°exp
Equation (2 + A3exp{-x13) + 0
Plot B
0 0.00105 +4 91163E-5
A1 0.58761 0.00519
t1 418151+ 0.04413
a2 0.37451 £ 0.00424
2 1952364 +0.31985
""r.— A3 0.07 £ 0.0024
e (<] 9232562 £ 200367
-‘H.%_ Reduced Chi 340287E-6
“ing, R-Square (C 0.99394
"-'-':..6*_ Adj. R-Squar 0.99893
SRRt .,
?"7';‘:.%;;:‘,“
st
L L i L i
time (ns)

On NiMgO, 4PADCB

-
(o]
o

—

<
3%

|

T ’-’-;;_»-1

M odel ExpDecd
E quation Y ;;Lﬁg{‘::;;m?ffﬁ[ o
Plot D
y0 0.00219 = 4 92418E.5
&1 0.55015 = 0.00304
t1 4.23338 = 0.03507
A2 0.3756 + 0.00258
2 2399743 + 0.23895
43 0.08079+0.00129
t3 137 52498 = 165245
Reduced Chi- 2 BSB14E-6
R-Square (CO 0.95921
» |Ad). R-Square 099521
: “"‘"M
‘.
) s
- :“-:vav;:,-:_c_

Normalized intensity (a.u.)
S

o

50

100

time (ns)

150

200

11

Figure S10. TrPL fitting data using a tri-exponential decay method. The fitting sample is
perovskite on (a) NiMgOy, and (b) NiMgO,/4PADCB layers.
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88 Figure S11. UPS spectra of perovskite on NiMgO, and NiMgO,/4PADCB layers. (a)
89 Secondary cut-off and (b) edge regions of spectra.
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Figure S12. Tauc plot of the perovskite layers, showing an optical bandgap of 2.34 eV,
consistent with the green emission region.
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102 Figure S13. High-angle annular dark-field (HAADF) image and EDS spectra of the PeLED.
103 Each layer is successfully deposited, as evidenced by the distinct elemental distributions.
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Figure S14. High-magnification cross-sectional STEM image of the PeLED, showing clearly
distinguishable layers.
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116 Figure S15. Histogram of peak EQE for 80 devices with the 4PADCB interlayer
117 (FTO/NiMgO,/4PADCB/perovskite/PO-T2T/LiF/Al). The average EQE is 10.0%.
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123 Figure S16. (a) Luminance and (b) EQE relationship at low operating voltage (~ 2 V) w/ and
124 w/o 4PADCB interlayers.
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130 Figure S17. The capacitance-voltage (C-V) relationship of PeLED w/ and w/o 4PADCB
131 interlayers.
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137 Figure S18. Pulsed voltage and time relationship during TrEL measurements. (a) the pulsed
138 voltage was 3.2 V with 50 ps periods and (b) absolute transient EL (TrEL) spectra w/ and w/o
139 the 4PADCB interlayer.
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Figure S19. Device stability test with time variation. The results indicate (a) luminance-time
(L-t) relationship and (b) current efficiency-time (CE-t) relationship.
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Figure S20. Sky-blue PeLED characterization w/ and w/o 4PADCB interlayer molecules. (a)

J-V-L characteristics and (b) derivation of maximum EQE. (c) EQE and (d) luminance curves
sub-bandgap voltage region (~2.3 V) for each device.

in the

(e) Normalized

electroluminescence (EL) spectra at a 3.3 V bias and demonstration image of sky-blue PeLEDs
with and without 4PADCB interlayers. (f) Color stability evaluated by CIE coordinate shift

under bias.
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ApL T L% T3 Tavg 2
(nm) o (ns) 4 (ns) & (ns) (ns) L3
On Nip ¢Mgy 105 521 0.587 4.18 0.374 19.52 0.07 92.32 46.2 0.999

On
Nio sMgo 10,/ 4PADCB 521 0.550 4.23 0.375 23.99 0.081 137.5 77.9 0.999

Table S1. Fitting parameter summary of TrPL curves. TrPL fitting was performed using tri-

exponential decay curve which composed fast-decay (A;, 11), moderate-decay (A,, 1) and

slow-decay (As, 13). The fast-decay component is related to non-radiative recombination by

trap state, whereas moderate and slow decay are related to radiative recombination,

respectively. The average PL lifetime (15, 1s calculated from formula
Alr% + Azrg + A3T§

T
I AT+ AT, + Aty
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173
i Vyat 1edm? L, (cdm?) EQE,,., (%) CE,. (cdA') PE,. (In W)
(nm) %) (at bias (V) (at bias (V) (at bias (V) (at bias (V)
. 22,634 5.51 20.51 16.96
. 29,822 6.76 24.99 20.88
Nig sMgj ;O,/4PAC X ;
losMeo1O/4PACz 321 2.06 (4.8) (3.8) (3.8) (3.3)
. 38,557 14.38 53.61 59.81
Nip Mg, ;0,/4PADCB 521 1.96 (.3) (.3) (.3) 2.8)
. 1,748 1.07 1.38 1.31
. 1,049 3.31 4.00 4.94
Nij Mg, ;0,/4PADCB 487 2.29 G.3) 2.8) 2.8) 2.3)
174
175

176 Table S2. Summarized PeLED characteristics with and without SAM interlayers on NiMgO.



