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Abstract: Efficiency enhancement of Csg ;(CH3NH;),oPbl; solar cell devices was performed by using iso-butyl ammonium iodide (IBA) pas-
sivated on Csj;(CH3;NHj3),9Pbl; films. The n—i—p structure of perovskite solar cell devices was fabricated with the structure of FTO/SnO,/
Cs.1(CH3NH3)04Pbl; (FTO, i.e., fluorine doped tin oxide) and IBA/Spiro-OMeTAD/Ag. The effect of different weights of IBA passivated on
Cs-doped perovskite solar cells (PSCs) was systematically investigated and compared with non-passivated devices. It was found that the 5-mg
IBA-passivated devices exhibited a high power conversion efficiency (PCE) of 15.49% higher than 12.64% of non-IBA-passivated devices.
The improvement of photovoltaic parameters of the 5-mg IBA-passivated device can be clearly observed compared to the Cs-doped device.
The better performance of the IBA-passivated device can be confirmed by the reduction of Pbl, phase in the crystal structure, lower charge re-
combination rate, lower charge transfer resistance, and improved contact angle of perovskite films. Therefore, IBA passivation on
Csp.1(CH3NH)o4PbI; is a promising technique to improve the efficiency of Cs-doped perovskite solar cells.

Keywords: perovskite solar cell; power conversion efficiency; surface passivation; cesium methylammonium lead iodide; iso-butyl ammoni-

um iodide

1. Introduction

Perovskite solar cells (PSCs) have been much attention in
a decade due to their excellent power conversion efficiency
(PCE) compared to commercial Si solar cell devices [1-2].
The PCE of PSCs has dramatically increased in a few years
since the first discovery by Miyasaka and co-workers [3].
Nowadays, the highest PCE of PSCs is 25.5% which is high-
er than the dye-sensitized solar cell (DSSC) and organic sol-
ar cell (OPV) [4]. Despite the great effort on PSCs efficiency
improvement, the drawbacks of perovskite material and their
organic material in PSCs such as poor stability make it can-
not forward to commercialization based optoelectronic
devices [5-6]. Also, several findings have indicated that per-
ovskite films possess high bulk defects and trap states
between perovskite and charge-transporting layers. These de-
fects conduct faster recombination rates, a decrease of the
open-circuit voltage which can be detrimental to the PCE and
stability of PSCs [7-9]. To avoid these drawbacks of PSCs,
several techniques have been used to improve both PCE and
stability of PSCs such as encapsulation methods [10—11], us-
ing metal oxides for both electron transporting layer (ETL)
and hole transporting layer (HTL) [12—14], self-assembly
monolayers [15], surface passivation [16—18], etc. Among
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these methods, surface passivation is one of the techniques
that can effectively improve charge transfer performance and
reduce defect states in perovskite films.

Recently, large ammonium salt (aliphatic or alkylam-
monium salt), such as butyl-ammonium iodide (BAI)
[19-20], phenyl ethyl ammonium iodide (PEAI) [21-22],
and iso-butyl ammonium iodide (IBA) [23], has been much
attention as candidates for surface passivation. The hydro-
phobic properties of the alkyl-group can enhance the hydro-
phobic surface of perovskite, influencing better humidity sta-
bility of PSCs [24-25]. Instantly, Zhu et al. [26] have
demonstrated that 4-tert butyl benzyl ammonium iodide (tB-
BAI) passivated on 3D perovskite shows a PCE of 23.5%
higher than 20% of the non-passivated device. The high PCE
of the tBBAi-passivated devices can be elucidated by non-ra-
diative recombination reduction. The tBBAi-passivated
devices also reduce hysteresis and provide better humidity
stability by hydrophobic umbrella protection of the tert-butyl
group. Cho ef al. [27] have indicated that IBA passivated on
complex 3D perovskite enhances the PCE from 18% to
21.7%. The higher PCE can be contributed by lower non-ra-
diative recombination and uniform perovskite crystalline.
The humidity stability testing has also shown that the IBA-
passivated device can excellently maintain 90% of the initial
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PCE, better than that of the reference device. The better hu-
midity can be supported by the hydrophobic properties of the
bulky organic cation. From the above examples, the surface
passivation approach can be considered as an effective meth-
od to improve both the PCE and stability of PSCs.

In this study, the effect of IBA passivated on the
Cs.1(CH;NH3)00PbI; perovskite for surface passivation ap-
proach is investigated. The highest PCE of 15.4% can be ob-
tained by the 5-mg IBA-passivated device. The enhanced
PCE from 12.64% to 15.49% can be discussed in terms of
perovskite structure, charge recombination, charge transfer,
and electron lifetime.

2. Experimental
2.1. Solar cell fabrication

Fluorine-doped tin oxide (FTO) coated glasses were ultra-
sonically cleaned with detergent, deionized water, acetone,
and isopropanol, respectively, and dried with a nitrogen
stream. Then, the FTO-coated glasses were cleaned by an ul-
traviolet (UV)—-ozone system for 15 min before use. After
that, tin oxide (SnO,) was deposited onto FTO-coated glasses
by spin coating. 22.5 mg of SnCl,-2H,0 (99.8%, Sigma Ald-
rich) was dissolved in 1-mL ethanol. The SnCl,-2H,O solu-
tion was spun onto FTO substrates at 3000 /min for 30 s and
heated at 100°C for 10 min and at 180°C for 60 min with a
similar technique as the previous report [28]. For perovskite
preparation, 1 mmol lead iodide (Pbl,, 99.999%, Sigma Ald-
rich), 0.9 mmol methylammonium iodide (MAI, Greatcell
Solar), and 0.1 mmol cesium iodide (Csl, Sigma Aldrich)
were all dissolved in a mixed polar solvent (N,N-dimethyl-
formamide (DMF) and dimethyl sulfoxide (DMSO) in the
volume ratio of 4:1). The perovskite precursor solution was
stirred and heated at 60°C overnight. To deposit perovskite
films, the precursor solution was spun at two-step by 1000
r/min for 10 s and 4500 r/min for 30 s and heated at 100°C for
1 h. In this process, isopropanol (IPA) as an antisolvent was
dropped on the perovskite precursor after 15 s at the second
stage of spin coating. For the IBA passivated layer, different
weights of IBA (3 mg, 5 mg, 10 mg, and 15 mg) were pre-
pared by dissolving in IPA 1 mL for each condition. IBA pre-
cursor was dropped on perovskite surface by spin coating at
4000 r/min for 30 s and heated at 100°C for 15 min. For hole
transporting layer deposition, 72.3-mg Spiro-OMeTAD was
dissolved in 1-mL chlorobenzene doping with 39 pL of 4-
tert-butyl pyridine and 20 pL of lithium-salt (520 mg of Li-
bis(flurosulfonyl)imide in 1-mL acetonitrile). The hole trans-
porting material was spun at 4000 r/min for 30 s. For metal
electrodes, silver metal (Ag) was thermally deposited on the
hole transporting layer by thermal evaporation under low
pressure at 5 x 10~ Pa. All process of the perovskite solar cell
fabrication was carried out in a homemade glove box with a
humidity controlling less than 10%.

2.2. Characterization

The X-ray diffraction patterns were performed by X-ray
diffraction measurement (Rigaku miniflex II diffractometer
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with Cu K, with a wavelength of 0.15406 nm). The steady-
state photoluminescence spectroscopy was performed by a
nitrogen laser with a wavelength of 337.1 nm. The PSC
devices were characterized by current density—voltage (J—V)
measurement. The J-J measurements were conducted by a
J-V tester with the Ossila system (Automated-S211
(T2003B) with built-in software) under simulated solar light
AM.1.5. The current—voltage (/-V) curves of perovskite sol-
ar cell devices were symmetrically investigated at a scan rate
of 1 ms per point from the voltage range of —0.2to 1.2 V. The
active area of incident solar light on the solar cells was
defined by a photomask with an area of 0.04 cm?. The charge
dynamics of perovskite solar cells were measured via open-
circuit voltage decay (OCVD) measurement. The electro-
chemical impedance spectroscopy (EIS) was measured by
HIOKI 3522-50 LCR Hi tester.

3. Results and discussion

To investigate the effect of different IBA concentrations
(3 mg, 5 mg, 10 mg, and 15 mg) on the photovoltaic proper-
ties of Cs-doped perovskite solar cell devices. The conven-
tional perovskite solar cells architecture (n—i—p) of FTO/SnO,/
Cso.1(CH;NH;)0oPbL/IBA passivated layer/Spiro-OMeTAD/
Ag are fabricated and illustrated as seen in the inset in Fig.
1(a). The photovoltaic parameters of solar cell devices are
summarized in Table 1. As a result of the J-V characteristics
in Fig. 1(a), The highest power conversion efficiency (PCE)
of solar cell devices can be obtained from 5-mg IBA-passiv-
ated devices (blue line), reaching the highest PCE of 15.49%
with short-circuit current density (J,.), open-circuit voltage
(Veo), and fill factor (FF) of 22.20 mA/cm?, 0.990 V, and
0.70, respectively. Meanwhile, the PCE of the Cs-doped (i.e.,
non-passivated) device shows only 12.64% which is lower
than that of the 5-mg IBA-passivated device. In the case of 3
mg, it is found that the 3-mg IBA-passivated device exhibits
lower PCE than the 5-mg IBA-passivated device and higher
than the Cs-doped device. However, the 10-mg and 15-mg
[BA-passivated devices show lower PCE compared to the
Cs-doped device. Also, it can be observed that the V. of sol-
ar cell devices can be obviously enhanced by IBA surface
passivation. The main reason for the efficiency enhancement
of the 5-mg IBA-passivated device is an increase in J, V.,
and FF. Besides, the improved FF of the 5-mg IBA-passiv-
ated device can enhance the shunt resistance and provide low
series resistance compared to other devices as seen in Table
1. Consequently, the 5-mg IBA-passivated device can en-
hance the efficiency of the Cs-doped perovskite solar cell
device. The statistical distribution of PCE of Cs-doped PSCs
passivated with different weights of IBA with the device
number of n = 10 for each condition is shown in Fig. 1(b).
The current density output at maximum power point of the
solar cell devices as seen in Fig. 1(c) indicates that the de-
crease rate of current density at maximum power point of the
5-mg IBA-passivated device is slower than that of Cs-doped
device. The incident-photon to current efficiency (IPCE)
measurement of the Cs-doped device and the 5-mg IBA-pas-
sivated device is shown in Fig. 1(d). The IPCE value of the 5-
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Fig. 1. (a) Current density versus voltage (J-V) characteristics of Csy(CH3;NHj3)ooPbls-based solar cell devices with different
weights of IBA: Cs-doped (black line), 3 mg (red line), 5 mg (blue line), 10 mg (green line), and 15 mg (violet line). Inset is the schem-
atic diagram of n—i—p convention structure of Cs-doped PSCs (FTO/SnO,/Csy;MAoPbI;/IBA passivated layer/Spiro-OMeTAD/Ag.
(b) Statistical distribution of the PCE of Cs-doped PSCs passivated with different weights of IBA with the device number of n = 10
for each condition. (¢) Current density output at maximum power point as a function of time under air ambient within 5 min. (d)
IPCE and integrated current density of the Cs,;(CH;NHj;),oPbl;-based solar cell devices with different weights of IBA. (e) I-V char-
acteristics from the space charge limited current (SCLC) model of the electron only device (bias voltage from 0 to 1.5 V). Inset in the
upper left conner is the linear relation of J and V?; inset in the lower right conner is the perovskite device structure of FTO/
SnO,/perovskite/PCBM/Ag. (f) Stability of Cs-doped device and 5-mg IBA-passivated device without encapsulation at a relative hu-
midity of 35%.

mg [BA-passivated device is higher than that of the Cs-doped The trap state of perovskite layer is investigated by space-
device. The integrated current density of the Cs-doped device charge limit current (SCLC) of the electron-only device as
and the 5-mg IBA-passivated device is 18.17 and 20.49 seen in Fig. 1(e). The trap-filled limit voltage (V1p ) of 5-mg
mA/cm’, respectively. The IPCE value of the 5-mg IBA-pas- [BA-passivated device (0.15 V) is lower than that of Cs-
sivated device is higher than that of the Cs-doped device, doped device (0.21 V), indicating the lower trap state of per-
confirming the current density of the solar cell device can be ovskite layer in the 5-mg IBA-passivated device. In addition,
improved by 5-mg IBA passivation. we have investigated the electron mobility of the solar cell
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Table 1. Summary of photovoltaic parameters for Cs-doped perovskite solar cell devices passivated by different weights of IBA
(3 mg, 5 mg, 10 mg, and 15 mg of IBA in IPA solution)
Device Type PCE /% FF /% Ji / (mA-cm ) Voo ! V Rn/Q R/Q
Cs-doped (A\]?eiitge) (12.213 ﬁ).sn (64.7675 5%97) (20.222 'f%.sl) (0.93%92(%.008) 1234 7.09
3-mg IBA-passivated (A\]?eiitge) (12.712 'f%.w) (61.5621 A 88) (20.3291 31 53 .0117223006) 1075 8.19
5-mg IBA-passivated (A\]?eiitge) (15.2135 i90_13) (70.17 5 'ﬂ)_zs) @1 9 5%24) (0.98%19(())‘004) 1333 438
10-mg IBApassivated  (\( ) (11547009) (61272182 (19082083 (09870012 902 943
15-mg IBA-passivated (A\]?eiitge) (9.3160£615 18) (56.568 'iz72.97) (17.213 ! 80) (0.9791'183,017) 606 17.23

devices performed by the linear relation of J~F? as seen in the
inset in Fig. 1(e). The electron mobility () can be extracted
by the following Mott-gurney law: J =9eg,uV?/(8d>),
where ¢ and g, are dielectric constant of perovskite and per-
mittivity of free space, and d is the thickness of perovskite
film [29]. From the J—F? plot, it can be obtained that the u, of
Cs-doped device and 5-mg IBA passivated device are 5.60 x
102 and 5.85 x 102 cm*V '-s', respectively, indicating the
improvement of the electron mobility by 5-mg IBA passiva-
tion on Cs-doped perovskite solar cell.

The stability of the Cs-doped and 5-mg IBA-passivated
devices is also compared as seen in Fig. 1(f). The 5-mg IBA-
passivated device exhibits good stability compared to the Cs-
doped device after 400 h at air ambient with a relative humid-
ity of 35%.

The hysteresis effect of solar cell devices is also investig-
ated as shown in Fig. 2(a) and (b). The hysteresis index (HI)
in Eq. (1) is applied to elucidate the hysteresis effect of solar
cell devices,

PCEreV;;gE PCEorward )

where PCEynyaq and PCE ., represent power conversion ef-
ficiency measured by forward biased voltage and power con-
version efficiency measured by reverse biased voltage, re-
spectively.

The hysteresis index of Cs-doped perovskite and 5-mg
IBA-passivated solar cell device are 0.291 and 0.158, re-
spectively. The decrease of hysteresis index in the case of 5-
mg IBA-passivated device indicates that small change of J~V

HI=
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characteristic of solar cell device which is better than that of
Cs-doped perovskite device. The small change of J~V char-
acteristic of solar cell devices can be referred to better ionic
and electronic response in solar cell devices [30]. Con-
sequently, the 5-mg IBA-passivated device provides a better
ionic and electronic response than the non-passivated device.
To further investigate the effect of IBA passivated on Cs-
doped perovskite, the 5-mg IBA-passivated and the Cs-doped
devices will be compared and discussed.

The surface morphology properties of Cs-doped per-
ovskite passivated with different weights of IBA are charac-
terized by scanning electron microscopy (SEM) as seen in
Fig 3. The SEM image of Cs-doped film is shown in Fig.
3(a). The surface morphology of Cs-doped perovskite after
IBA passivating with 3 mg and 5 mg of IBA indicates that
small amounts of 2D perovskite are covered on Cs-doped
perovskite as seen in Fig. 3(b) and (c). The small amount of
2D perovskite on Cs-doped perovskite can improve the per-
ovskite surface as confirmed by increasing of current in the
solar cell devices. However, the surface of Cs-doped per-
ovskite is fully covered by 2D and quasi 2D perovskite in the
case of 10-mg and 15-mg IBA-passivated films as seen in
Fig. 3(d) and (e). The fully covered 2D and quasi 2D per-
ovskite on 3D perovskite with random orientation can sup-
press charge transportation, referring to the decrease of cur-
rent in solar cell devices [31-32].

The structural properties of Cs-doped perovskite films
passivated by different IBA concentrations are characterized
using the X-ray diffraction (XRD) pattern as seen in Fig. 4.
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Fig. 2. Hysteresis of (a) Cs-doped PSCs and (b) 5-mg IBA-passivated PSCs.
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Fig. 3. SEM images of Cs-doped perovskite surfaces passivated with different weights of IBA with magnification of 30000: (a)
without passivation, (b) 3 mg IBA, (c) 5 mg IBA, (d) 10 mg IBA, and (e) 15 mg IBA.

The peaks of Cs-doped film exhibits 26 of 14.2°, 20.1°,
28.4°, 31.9°, 40.6°, and 43.1°, corresponding to the (110),
(112), (220), (310), (224), and (314), respectively [33]. The
small peaks of Pbl, phase at 12.7° are also observed in the
perovskite patterns in the Cs-doped, 3-mg IBA-passivated,
and 5-mg IBA-passivated films; it is well-known that the ex-
ceeding Pbl, phase in perovskite films can suppress light ab-
sorption and reduce the performance of PSC devices. In or-
der to investigate the exceeding Pbl, phase in the perovskite
films, the intensity ratio of Pbl, at 12.7° and the perovskite
peak at 14.2° defined as R = I1,7/(I 127 + I14,) are performed
to quantify the Pbl, phase in perovskite films [34]. It is found
that the R of the 5-mg IBA-passivated film (0.07) shows
lower than that of Cs-doped film (0.21), indicating the 5-mg
IBA passivated on Cs-doped perovskite film can reduce the
Pbl, phase which supports better perovskite structure proper-
ties. In the case of 5-mg IBA-passivated film, the 2D phase of
(IBA),Pbl, can be observed at the peak of 6.7°, suggesting
2D perovskite phase forms on Cs-doped perovskite film.
With the increase of IBA weight of 10 mg and 15 mg on the
Cs-doped perovskite films, other phases occur in the per-
ovskite structure including 6.7° and 9.2°, which represent the

4 9.2° = Quasi-2D perovskite (IBA),(MA),_Pb,1,,.,
¢ 6.7° = 2D perovskite (IBA),Pbl,
# 14.2° = Lead iodide (Pbl,)

¢
wlhlll

1 | 10-mg IBA

15-mg IBA

Intensity / a.u.

5-mg IBA
3-mg IBA
10 20 30 40 50 60
20/ (%)
Fig. 4. X-ray diffraction patterns of Cs-doped perovskite films
by passivating with different weights of IBA (0 mg, 3 mg, 5 mg,
10 mg, and 15 mg).

2D perovskite phase (IBA),Pbl, and quasi 2D perovskite
phase (IBA),(MA),-Pbl,,.;, respectively [27], This suggests
that the 2D perovskite and quasi 2D perovskite can be formed
on the Cs-doped perovskite surface. Typically, the 2D and
quasi 2D perovskite phase formation on perovskite with ran-
dom plane direction suppress charge transfer of solar cell
device [35], supporting the current-density reduction of the 5-
mg and 10-mg IBA-passivated devices as seen in Fig. 1(b).

The absorbance spectra of perovskite films are illustrated
in Fig. 5(a). It can be observed that there is no change in the
absorbance of perovskite films. The absorbance in the range
of 550-800 nm of both Cs-doped and 5-mg IBA-passivated
films shows the same absorption edge of perovskite films and
is about 764 nm, relating to the bandgap of 1.62 eV. It can be
indicated that 5-mg IBA-passivated device cannot change the
light absorption of Cs-doped perovskite films. Also, the op-
tical properties of Cs-doped film and 5-mg IBA-passivated
film are investigated by steady-state photoluminescence (PL)
as seen in Fig. 5(b). The PL spectra of Cs-doped film exhibit
PL peaks at the wavelength of 764 nm as same as the absorp-
tion edge in UV—visible spectra. In the case of the 5-mg IBA-
passivated film, it can be found that the decrease of the 3D
perovskite peak at 764 nm and the increase of the 2D per-
ovskite peak at 523 nm can be seen. The increase of the 2D
phase can be also confirmed the formation of the IBA-pas-
sivated layer top on perovskite film.

To investigate the effect of charge recombination, the
open-circuit voltage decay is performed as shown in Fig.
6(a). The reduction of V,, after tuning light off indicates the
charge dynamic behavior of the solar cell devices as a func-
tion of time. The biexponential decay relation in Eq. (2) can
be applied to elucidate these phenomena. The biexponential
fitting curves are plotted as seen in Fig. 6(a).

£ _L
V)=Ae T +Ae T @)
Tue = A]T) + AT, 3)

where 4, and 4, are time dependence coefficients of amp-
litude fraction; A} and A} are normalized time dependence
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(a) Open-circuit voltage decay (OCVD) of Cs-doped and 5-mg IBA-passivated PSCs fitting by the biexponential decay curve

of voltage as a function of time by experiment data (dot) and fitted data (line). Electrochemical impedance spectroscopy performed in
the range of frequency 100 kHz to 450 Hz. (b) Nyquist plot of Cs-doped device and 5-mg IBA-passivated devices. Inset is the equival-
ent circuit where R, and R, represent series resistance and charge transfer resistance, respectively. (c) Bode phase plot of Cs-doped

and 5-mg IBA-passivated devices.

coefficients of amplitude fraction; 7; and 7>, are fast and slow
time decay components, respectively. The average time de-
cay coefficient (7,,.) can be performed by Eq. (3). The 7.
can be used to elucidate the charge recombination rate of sol-
ar cell devices. The longer T, is defined to a longer charge
recombination rate. In contrast, the smaller value of T, is
defined to shorter charge recombination.

From the OCVD results, the time decay parameter can be
summarized in Table 2. It can be seen that the average time
decay coefficient of the 5-mg IBA-passivated device indic-
ates a longer T, than that of the Cs-doped device, which can
be indirectly interpreted as the reduction of charge recombin-
ation rate by the 5-mg IBA passivation on perovskite surface.
The lower charge recombination rate indicates to lower trap
defect of solar cell devices, confirming higher V. of the 5-mg
IBA-passivated device [36].

To investigate the electrical properties of solar cell
devices, The Nyquist plot and bode phase plot of Cs-doped
and 5-mg IBA-passivated devices were carried out by EIS
equivalent circuit applied in EIS spectra is illustrated in the

inset of Fig. 6(b). From the equivalent circuit, the EIS spec-
tra can be fitted to quantify series resistance (R,) and charge
transfer resistance (R), which is summarized in Table 3. For
fitting the EIS parameter, it can be found that the R, of Cs-
doped and the 5-mg IBA-passivated devices are 1071 and
991 Q, respectively. Consequently, the EIS parameter from
the Nyquist plot indicates that the 5-mg IBA-passivated
device exhibits a lower semicircle radius than the Cs-doped
device, which can be indicated to lower charge transfer res-
istance, supporting to higher J,. of the 5-mg IBA-passivated
device.

To investigate the electron lifetime of solar cell devices,
the bode phase plot can be also performed as seen in Fig.
6(c). The electron lifetime (7) can be calculated by Eq. (4)
[37-38].

11
O 2
where w,,x is maximum angular frequency and f;,,, is max-
imum frequency. The f.. can be obtained from the fre-

“

Table 2. Summary of biexponential parameters Aj, Ty, A7, Table 3. Summary of EIS parameter from Nyquist plot (R,,
T2a and Tave Rctsfmaxa and T)
Device A7 T/s A} Ty/s Tuels Device R/Q Ry/Q fux/Hz 7/ps
Cs-doped 086 0.14 0.14 1.1 0.267 Cs-doped 23.82 1071 68000 2.34
5-mg IBA-passivated 0.72 0.12 028 2.1 0.670 5-mg IBA-passivated ~ 17.55 991 53000 3.00
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quency at the highest bode phase peak. From the bode phase
spectra, it can be found that the f;,,, of Cs-doped and 5-mg
IBA-passivated devices are 68 and 53 kHz, respectively.
Also, the electron lifetimes of the Cs-doped and the 5-mg
IBA passivated devices can be calculated to be 2.34 and 3.00
us, respectively, indicating longer electron lifetimes of solar
cell devices can be improved by IBA passivation on per-
ovskite surface.

In addition, the wettability of perovskite films is also ob-
served by contact angle measurement as seen in Fig. 7(a) and
(b). It is found that the contact angle of 5 mg IBA-passivated
perovskite film (55.1°) is higher than that of the Cs-doped
device (42.3°), suggesting the lower surface energy and high-
er hydrophobic of the 5-mg IBA-passivated perovskite film.
The higher hydrophobic film by IBA-treated film can be in-
directly interpreted as better stability from humidity.

|

Fig. 7. Contact angle measurement of (a) Cs-doped and (b) 5-
mg IBA-passivated solar cell devices. 6 represents the wetting
angle.

4. Conclusion

The efficiency of Cs,;(CH;NH;),0Pbl; perovskite solar
cell is successfully enhanced by iso-butyl ammonium iodide
surface passivation. The 5-mg IBA passivated on Cs-doped
perovskite solar cell device shows a champion PCE of
15.49% which is higher than 12.64% of non-passivated Cs-
doped devices. The enhanced PCE of solar cell devices can
be elucidated in terms of the improvement of perovskite
phase structure, better carrier charge transfer, and lower
charge recombination rate in solar cell devices. SEM images
reveal the surface medication of Cs-doped perovskite by IBA
passivation. XRD analysis indicates that the Pbl, phase at
14.2° in perovskite can be reduced after passivating by IBA
and verifying the existence of 2D and quasi 2D phase on per-
ovskite structure. UV—Vis spectra exhibit the same bandgap
of 1.69 eV of 5-mg IBA-passivated film and Cs-doped per-
ovskite film. The lower charge transfer resistance of the 5-mg

IBA-passivated device indicates the better charge carrier
transfer. The lower charge recombination rate of 5-mg IBA-
passivated device implies lower trap defect of solar cell
devices, confirming higher V. of the 5-mg IBA-passivated
device. Also, the higher contact angle of the 5-mg IBA-pas-
sivated devices provides a higher hydrophobic perovskite
surface compared to the Cs-doped device, suggesting better
humidity stability. Moreover, the 5-mg IBA-passivated
device exhibits good stability compared to the Cs-doped
device after 400 h at air ambient with a relative humidity of
35%. Consequently, surface passivation by using IBA is an
alternative candidate for the efficiency enhancement of Cs-
doped perovskite solar cell devices.
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