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- High power conversion efficiency
- Easy fabrication
- Low cost

HTMs have been actively explored.
The exploration mainly focused on
the following three characteristics:

1) Long-term stability.

2) High hole mobility.

3) Suitable frontier energy levels
matching that of perovskite layer.

Figure. 1 Typical mesoporous-type device structure,
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Figure 2. Chemical structures of Spiro-OMeTAD, reference compound

Spiro-N, SF27 and SF48.
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1. The photovoltaic data of the PSCs based on non-doped HTMs
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Table 2. Photovoltaic parameters of the PSCs
for HTMs without dopants. (Thickness of

o5 HTMs; 50 nm)
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SF48 exhibited the best PCE.

Figure 5. J-V curves for the PSCs based on non-

doped HTMs as measured under AM 1.5G solar
irradiance (100 mW/cm-) by a backward scan.

4. Hole extraction ability

10% a | ® MAPDI,

MAPDI,/Spiro-N
® MAPDbI;/SF27

1000 ® MAPbI,/SF48

® MAPDI,/Spiro-OMeTAD

BH—2 Hi EE,

MK #C B B!,

27 ek, AT £ FRER!

AEﬁnFﬁ —IfDI~‘/ VAV EEERIAE A —

Normalized Intensity (a.u.)

Typical organic HTM for PSC Dopants
HsCx g _CHj Li*
! NN~ e
CFy ™Yy ¢ CFs
ol 0.0 s LiTESI
C C CHj
H3C/O ) 0.0 \ O\CH3 H3C—(|3—CH3
‘ X
H3C/O O\CHs N/
TBP

Spiro-OMeTAD

Some dopants (ionic compound,
base etc.,) are needed to introduce
more charge carriers.
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2. Dependence on the film thickness of SF48

Table 3. Photovoltaic parameters of the
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Figure 6. J-V curves for the PSCs based on non- layer showed the best PCE.

doped SF48 with various thicknesses of SF48 as
measured by a backward scan.

5. The cell performance of the best PSC
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Figure 8. TRPL decay curves of the pristine
perovskite and perovskite covered with non-
doped HTM films excited at 532 nm.
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Figure 9. J-V curve for the highest efficiency
solar cell based on non-doped SF48.

The PCE is higher than that for the doped
spiro-OMeTAD-based PCEs.

3. SEM image
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The optimal thickness of SF48 was only around 20%.
SF48 is cost effective HTM.

Figure 7. Cross-sectional SEM image of SF48-based device.

6. Thermal stability test
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The initial performance was
maintained for about 1,000 h.
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Figure 10. Change in the efficiencies of the solar cells based
on doped (blue) and non-doped Spiro-OMeTAD (grey), and
non-doped SF48 (red) at 85 °C in ambient air. The PCEs
were provided by backward scans.

We have successfully synthesized and characterized cyano-substituted spiro-typed compounds, SF27 and SF48, for use as HTMs in PSCs. PSCs with non-
doped SF48 exhibited a high PCE of 18.7%, which was comparable to the reference PSC with doped Spiro-OMeTAD (18.6%). In addition, the thermal stability
of SF48 at 85° C in ambient air was superior to Spiro-OMeTAD, both with and without dopants.[1] Therefore, the SF48 spirobifluorene-based compound is
determined to be quite effective as a high-performance dopant-free HTM for PSCs.
[1] N. Onozawa-Komatsuzaki, D. Tsuchiya, S. Inoue, A. Kogo, T. Funaki, M. Chikamatsu, T. Ueno and T. N. Murakami, ACS Appl. Energy Mater. 5, 6633 (2022).



