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Abstract—  The  phenethylammonium  thiocyanate
(PEASCN) was introduced into the FASnl; perovskite film as a
pseudohalide functional additive. This results in the
suppression of Sn-oxidation and compact and larger grain film
with better crystallinity. The device with PEASCN additive
improved the power conversion efficiency (PCE) from 4.52%
(control) to 9.65% (PEASCN). The device analysis revealed
that the PEASCN additive has improved the optoelectronic
properties coupled with a higher diffusion potential and
passivation of defect densities in the Sn-PSCs. This report
suggests that the pseudohalide-based functional additive is
propitious for film growth, modification of surface chemistry,
and defects at interface and bulk.
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. INTRODUCTION

Tin and Bismuth based-perovskite solar cells (Sn/Bi-PSC)
are alternative to lead-based halide perovskite devices to solve
the toxicity issue of lead.[1]-[4] The intrinsic instability of Sn-
HaP due to the facile oxidation of Sn?* to Sn** leads to the
formation of tin vacancy and metal-like behavior that
deteriorates the device performance.[5] Several approaches
have been introduced that passivate the catastrophic effects in
Sn-HaP film quality by structural regulation and additive
engineering which results in improving the device performance
and its stability.[6] A number of additives have been used as
reducing agents to inhibit the oxidation and facilitate the
formation of a pinhole-free uniform film.[7] The A-site
alloying in FASnl; crystal lattice has demonstrated
improvement in the device performance and stability by
regulating 3D structure.[8], [9] Besides this, a thin 2D layer
was formed on the top of the 3D layer by post-treatment.[10],
[11] Moreover, additives with pseudohalide functional
derivatives increase the device performance of HaPSCs and
stability coupled with the hydrophobicity and optoelectronic
quality of HaP film.[12], [13] The additive with N-, S-, and O-
based electron donors conjugate with tin halides by donating a
lone pair electron to the divalent tin resulting increase in
covalency.[14] Noting that the pseudohalide derivatives is
beneficial for stabilizing the halide bonding.[15]-[17]

In this work, the bulky organic cation pseudohalide
PEASCN was added in the FASnI; precursor to control the
extent of tin oxidation and film growth. The pseudohalide of the
PEASCN additive effectively improves the film quality and
optoelectronic properties. The PCE enhanced from 4.52% for
pristine to 9.65% for PEASCN added device with better
stability. We have explored the characteristics insight into the
effect of PEASCN additive by analysing the growth,
optophysical, optoelectronic properties.[18] This report has
discussed the additive approach to pave the way for addressing
the oxidation and instability issue of Sn-HaPSCs.

Il. EXPERIMENTAL

A. Device fabrication

For the fabrication of FASnl3; 0.8 M of FAI, Snl,, and
SnF, (0.08 M) and for PEASCN incorporated FASnhIs,
PEASCN: FAI (x, 1-x); 0.8 M), Snl2 (0.8 M), and SnF,(0.08 M)
were dissolved in dimethyl sulfoxide (DMSO) solvent for one
hour. The Sn-HaP precursor was deposited on the PEDOT:PSS
(30 nm)/ITO substrate. These films were annealed on the hot
plate at 60 °C for 3min and 100 °C for 10 min. Then, the device
is completed depositing PCBM /BCP thin films were spun—
coated on top of the Sn-HaP films. The detailed fabrication can
be found in our earlier report.[18], [19] Finally, Ag (100 nm)
was thermally evaporated and get device of ~0.26 cm? area.

B. Materials and device characterizations

The XRD results were collected using Rigaku Smart Lab,
CuK, radiation, 1=1.5405A. The SEM images were obtained
by a high-resolution scanning electron microscope (SEM) at 5
kV accelerating voltage (Hitachi, S-4800). XPS spectra were
obtained using a Versa Probe Il (ULVAC-PHI, Japan). The
current density—voltage (J-V) curves were measured under 1
sun with an AM1.5G spectral filter (100 mW/cm?) coupled with
an MPPT system (Systemhouse Sunrise Corp.). capacitance
spectra (C-f) were collected using an LCR meter (IM3536,
Hioki) under dark.

I1l. RESULTS AND DISCUSSION

Figure 1a shows a complete device with the structure of
ITO/PEDOT:PSS/FA1..PEASCN,Snls/PCBM/BCP/Ag. The
device parameters with PEASCN additive are given in Fig. 1c
and J-V curves (Fig. 1b). The device with PEASCN additive
(x<0.08) exhibited a PCE of ~9.65% (Jsc~ 22.16 mAcm?,



Voc~ 0.667V, and FF= 65.3) with negligible hysteresis. It
showed a significant improvement in PCE of 4.52% for control
device. The device with PEASCN additive (Fig.1d) revealed
superior device stability compared to the control device.
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Fig. 1. Cross-sectional image of the device (a). The J-V curves of FA;.
xPEASCN,Snl; devices (for x=0 - 0.12) (b). Device parameters with varying
content of PEASCN (c). x=0.08 is optimal denoted as PEASCN hereafter.
normalized efficiency with the stability of pristine and PEASCN incorporated
devices (d).

The SEM images (Fig. 1a, b) shows a better film coverage
and large grains for the film with PEASCN (x=0.08) compared
to the control (x=0). It grows with highly oriented

crystallographic planes of (100) and (200) for with PEASCN
additive whereas the control film has with multiple crystal
orientations i.e. (102), (122), (222), (213), etc. No 2D phase
features were observed with PEASCN additive for x< 0.08.[18]
This supports the improvement in device performance.
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Fig. 2. SEM images (a,b), XRD patterns (c) and PL spectra (d) of the FA;.
«PEASCN,SnI; films with contents (x=0, 0.08 (PEASCN)).

The Photoluminescence (PL) spectra of the corresponding
films (Fig.2d) reveal a slight blueshift of characteristics peaks
with the PEASCN additive. The characteristic PL peaks are
centred at 1.40+0.02 eV for x=0 and 1.41+0.02 eV for x=0.08.

This modifies the interface band alignment which increase the
carrier transport.

Intensity (a.u.)
Intensity (a.u.)

S00 498 496 494 492 490 488 486 484
E. (eV) B.E. (eV)

-8t (d)

Control
——PEASCN

e

Normailized PL Intensity

E-4

0 4 8 12 16 20 24 B 0 100 100 10 10° 10t
Time (ns) f{H?}

Fig. 3. XPS spectra (S-2p, Sn-3d) of the respective film (a,b). TRPL results of
films (c). C-f spectra at room temperature (d).

To get insight into the effect of the PEASCN, the surface
chemistry of FASnl; film was examined by X-ray photoelectron
spectroscopy (XPS) measurement. Figure 3a shows the XPS
core of S-2p indicating existence of SCN component on surface
of film with PEASCN additive. The characteristics peak
convoluted from the XPS spectra (Fig. 3b) at ~ 486.7 (495.2)
eV and 487.3 (495.7) eV are assigned to the Sn?* and Sn*
species, respectively. We found that the control FASnI; film
has a higher atomic percentage of Sn** compared with the
PEASCN additive film. It corroborates that the PEASCN
incorporation in the FASnI; lattice controls the extent of Sn?*
oxidation and hence ameliorates the film quality. This is
concurrent with the device results. Figure 3c a depicts time-
resolved PL (TRPL) characteristics of Sn-HaP film. It shows a
longer carrier lifetime of 1.68 ns for the PEASCN added
FASnI; film compared to the control film (0.64 ns). This
implicates a lower defect density in the film with an additive
that must be a consequence of the controlled growth of
morphology with large grain and better crystallinity of film
with additive.

Furthermore, the capacitance-frequency (C-f) response (Fig.
3d) for the control device shows a slightly larger value in the
range of 1kHz to 50 kHz that arises from the absorber bulk. It
is correlated with a higher defect density in the control Sn-HaP
film which is prone to inferior device performance. The
capacitance at a lower frequency has a lower value for the
device with PEASCN additive. It is related to the reduction in
ion or charge accumulation at the interfacial layer or electrode.
This could result in improvement in device stability with
PEASCN additive.

IVV. SUMMARY AND CONCLUSIONS

In summary, we achieved Sn-PSCs of PEC ~9.65% using
phenethylammonium thiocyanate (PEASCN) additive with
improved stability. The Sn-HaP film with the PEASCN
additive remarkably improved the film morphology and highly
oriented crystal growth with control of Sn?* to Sn** oxidation.
The optophysical properties show that the FASnI; film with
additive increases the carrier lifetime and reduces the band



offset. Our report implicates that the pseudohalide functional is
beneficial for the improvement in optoelectronic quality of
FASnNI; film which collectively results in the performance and
stability.
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