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ABSTRACT: Seven cations, methylammonium (MA), ethylammonium (EA),
aziridinium (AZ), dimethylammonium (DMA), 2-hydroxyethylammonium (HEA),
imidazolium (IM), and guanidinium (GA), were used to cocrystallize with
formamidinium (FA) to form cocationic tin perovskite solar cells (TPSCs) using a
two-step fabrication procedure. Time-of-flight second ion mass spectrometry results
indicate that the pristine FA-based TPSC involved both vacancies on the perovskite
surface and perovskite/poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)
(PEDOT:PSS) interface, and GA has the ability to passivate both surface and
interfacial vacancy defects to give impressive device performance (PCE = 11.2%) and

stability (>5000 h) with a negligible effect of hysteresis.

new alternative for next-generation photovoltaic appli-

cations.'™ However, PSCs contain the toxic lead that
should be replaced with a nontoxic element such as tin.” As a
result, tin-based PSCs (TPSCs) emerged to be one of the most
promising candidates for lead-free perovskite solar cells.” The
intrinsic problems for TPSCs are Sn**/Sn*" oxidation, rapid
crystallization, poor enduring stability, and so on, which should
be solved to further promote the device performance for
TPSCs.® Many additives have been applied to tackle these
problems.”® Presently, tin fluoride (SnF,) and ethylene
diammonium diiodide (EDAIL,) are the two most comment
additives used for formamidinium (FA)-based TPSCs.” In
addition to these two additives, other cationic additives have
been widely considered for TPSCs. For example, methylammo-
nium (MA),"" ethylammonium (EA),"" 2-hydroxyethylammo-
nium (HEA),"” dimethylammonium (DMA)," aziridinium
(AZ),"" imidazolium (IM),"* guanidinium (GA),'® and so on
have been applied as A-site cocations to cocrystallize with FA to
form cocationic tin perovskites for enhanced performance and
stability for TPSCs. These cocationic approaches were
performed according to a one-step fabrication procedure for
which all tin perovskite precursors were added together in a
solution to deposit on the hole-transport layer poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PE-
DOT:PSS) in one step. However, the reaction between Snl,
and FAI/AI (A represents a cocation) was very rapid so that a
two-step fabrication approach is favorable to retard the crystal
growth rate.'”'® We have recently demonstrated the application
using the two-step method to deposit tin perovskite film on

P erovskite solar cells (PSCs) attract much attention as a
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varied hole-transporting material (HTM) and self-assemble
monolayer (SAM) surfaces with good device performance and
stability."”~*” In the present study, we systematically investigate
a series of organic cations, MA, EA, AZ, DMA, HEA, IM, and GA
(Figure 1a) on the A-site position to form cocations with FAin a
FAA;_Snl; (FA/A) solar cell using the two-step fabrication
method in the presence of 20% SnF, and 1% EDAI,. The data of
the top-view SEM (Figure S1), AFM (Figure S2), side-view
SEM (Figure S3), XRD (Figure S4), UV—vis/PL spectra
(Figure SS), UPS (Figure S6), TCSPC (Figure S7), EIS (Figure
S8), GIWAXS (Figure S9), energy level diagram (Figure S10),
and TOF-SIMS (Figure 2) are shown to help with under-
standing of the device performance in relation to morphology,
crystallinity, and optical and optoelectronic properties of this
cocationic system. We found that the FA/GA device exhibited
the best performance with a PCE of 11.2%, which is a record
performance for TPSC fabricated using a two-step approach.
Surface passivation on both sides of the perovskite layer plays an
important role to attain such a great device performance and
stability.

The devices were fabricated in a structure of ITO/
PEDOT:PSS/perovskite/C60/BCP/Ag for the perovskite
active layer made of pure ASnl; with a two-step method,
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Figure 1. Chemical structures of different cations for (a) MA, (b) EA, (c) AZ, (d) DMA, (e) FA, (f) HEA, (g) IM, and (h) GA. The corresponding
device performances obtained from reverse J—V scans are shown underneath for (i) FA and FA/MA, (j) FA/EA and FA/HEA, (k) FA/AZ and

FA/IM, and (1) FA/DMA and FA/GA.
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Figure 2. TOF-SIMS depth profiles for the cocationic films made of (a) FA/MA, (b) FA/EA, (c) FA/AZ, (d) FA/DMA (e) pristine FA, (f) FA/

HEA, (g) FA/IM, and (h) FA/GA.

where A is the eight organic cations shown in Figure 1. As
expected, the FASnlI; device outperformed the other devices as
the J—V characteristics show in Figure S11. Therefore, FA was
selected as a core cation to cocrystallize with the other seven
cations shown in Figure 1. For the FA,A,_,Snl; device, we fixed
the FA/A ratio according to the condition of the optimized FA/
GA device (Figure S12). As shown in Figure 1i—], the devices
made of FA/A cocations show the performances with the order
FA/GA (11.0%) > FA/DMA (8.5%) > FA/EA (7.6%) > FA/IM
(7.0%) > pristine FA (6.9%) > FA/MA (6.3%) > FA/AZ (4.8%)
> FA/HEA (1.7%). The device performances are consistent
with the morphological features (Figure S1) with larger and
uniformed crystals in the FA/GA and FA/DMA films, and with
poorer morphologies and pin holes in the FA/AZ and FA/HEA
films. As a champion device, the FA/GA film also exhibited
smaller roughness (Figure S2) with a greater film thickness
(Figure S3), longer PL lifetime (Figure S7), greater crystallinity
(Figures S4 and S9), and larger recombination resistance
(Figure S8) than the others. The device performance of FA/GA
with a two-step method is much greater than our previous report
using 20% of GA in FASnl; according to a conventional one-step
fabrication method (11.0% vs 9.6%).'°

2424

To understand the distribution of the cations in the FA/A
films, we performed TOF-SIMS investigations for all films; the
corresponding results are shown in Figure 2. The TOF-SIMS
data of the pristine FA film show a flat feature in the bulk region
but with vacancy defects on the perovskite surface and FA/
HTM interface. The FA/AZ film lacks both interfacial and
surface defect passivations so that it did not show good device
performance. The FA/MA, FA/IM, and FA/HEA films have
interfacial defect passivation but without surface passivation to
obtain good device performance. The FA/EA film has both FA
and EA cations distributed evenly throughout the perovskite film
so that it gives a moderate device performance. For the DMA
film, the FA and DAM cation distributions reflect a mirror image
to each other, indicating that DMA can passivate both surface
and interfacial defects to give a decent device performance. For
the GA film, the FA distribution is flat in the bulk region, which
indicates that a good crystallinity may be involved. However,
certain vacancy defects existed on the perovskite surface and in
the FA/HTM interfacial region. GA thus plays a key role to
effectively passivate both surface and interfacial defects to give
excellent device performance with great shelf-storage stability
over 5000 h without degradation of the device performance
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(Figure S13), which is a remarkable record for a PEDOT:PSS-
based TPSC. Note that GA is a nonpolar cation, the interfacial
passivation via GA thus significantly enhances the stability of the
FA/GA device. Furthermore, negligible hysteresis was observed
for the FA/GA device (Figure S14), for which a forward scan
gave a lightly higher PCE of 11.2%. In conclusion, the hybrid
FA/GA device was studied to provide excellent performance
and stability due to the great passivation capability of GA to
passivate both surface and interfacial FA vacancy defects.
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