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Organic passivation-enabled singlet fission c-Si solar cells

Abstract text starts here

Singlet fission c-Si cells have the potential to achieve 35 % power conversion efficiency (PCE) by
extracting two electron-hole pairs from each higher-energy photon. However, such high efficiency
does not come without challenges, among which one of the biggest is the interface design to facilitate
triplet transfer to c-Si. The existing passivation on the c-Si cell front surface, therefore, must be
modified for singlet fission-derived triplet excitons to efficiently migrate to c-Si.

The triplet transfer requires an ultra-thin (< 2 nm) interface between the singlet fission material and
the silicon surface due to the nature of exciton energy transfer. The silicon surface cannot be
sufficiently passivated with such a thin layer. Since singlet fission materials are primarily organic
molecules, it is not easy to deposit a sufficiently thick layer of inorganic passivation layer over the
singlet fission layer without compromising its integrity. With these restrictions in mind, organic
passivation is considered a better option for singlet fission c-Si cells. Here, we demonstrate an
innovative structure of singlet fission c¢-Si cells, where an organic overlayer of poly(3,4-
ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) is applied on top of singlet fission
materials. An ultra-thin oxide passivation interlayer can also be integrated in the cell structure to
provide suitable energy levels for triplet transfer.

PEDOT:PSS has been demonstrated to be an excellent passivation material for n-type silicon via a
simple spin coating method. It mainly provides chemical passivation by bonding dangling Si with
PSS. The passivation process can be done at low temperature (120 °C) and at a low cost. To
demonstrate the viability of PEDOT:PSS in singlet fission c-Si cells, we employ two singlet fission
materials in optical precursor: 1) the classic tetracene (Tc) and 2) a new material series - DPND
(dipyrrolonaphthyridinedione) derivatives. Two representative DPND derivatives are illustrated in
Figure 1.

Figure 1. Two representative DPND derivatives, DPND-2 and DPND-7

Singlet fission has been found to happen in these two materials by evidence from transient
absorption. Triplets in Tc has an energy of 1.25 eV, just above Si bandgap of 1.12 eV. Tc has long
been a prospective material for a model system to combine with silicon. c-Si device efficiency has
recently been demonstrated to be enhanced via singlet fission with a Tc overlayer. DPND derivatives
have also been demonstrated to undergo singlet fission, but its viability in a real device is yet to be
determined.

To demonstrate the compatibility of PEDOT:PSS with singlet fission materials, we designed a cell
precursor structure as illustrated in Figure 2. The inorganic passivation layer underneath the singlet
fission material is optional. The triplet transfer properties of the precursor are probed by
magnetophotoluminescence (MPL) with and without modulation (modMPL). The integrity of the
singlet fission material was determined by AFM. And the passivation effect of PEDOT:PSS is
confirmed by Si photoluminescence imaging system.
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Figure 2. Device structure of c-Si singlet fission cell with organic passivation

DPND-2 thin film is found to have a morphology of isolated “islands” on Si surface. As shown by the
AFM images in Figure 3 (a) and (b), the roughness of DPND-2 thin film is reduced with PEDOT:PSS
overlayer while the “island” structure of DPND-2 is preserved, which gives room for PEDOT:PSS to
passivate the rest of bare Si surface. Figure 3 (c) and (d) shows the PL images of optical precursors
with and without PEDOT:PSS overlayer. The higher PL intensity of the precursor in Figure 3 (c) is
the evidence of good passivation by PEDOT:PSS. Finally, triplet exciton transfer to c-Si from Tc and
DPND derivatives is clearly evidenced by modMPL. In Figure 3 (e), the negative modMPL in Si and
positive modMPL in DPND-2 appearing at the same time is the evidence of successful triplet exciton
transfer from DPND-2 to Si. The organic overlayer does not compromise the integrity of the singlet
fission layer while improving passivation to facilitate triplet exciton transfer.
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Figure 3. AFM images of DPND-2 (a) with PEDOT:PSS overlayer and (b) without
PEDOT:PSS overlayer demonstrate the integrity of singlet fission materials incorporated
with PEDOT:PSS. PL imaging of cell precursors (c) with PEDOT:PSS and (d) without
PEDOT:PSS indicate passivation enhancement by PEDOT:PSS. (e) modMPL indicates triplet
transfer in the optical precursor.

These observations demonstrate that organic passivation is a feasible method to design stable
commercial singlet fission photovoltaic devices. This is the first report of a SF silicon solar cell
precursor using an SF layer with innovative singlet fission materials (DPND derivatives) and organic
passivation. The current work suggests that organic passivation is a feasible and promising method
to facilitate triplet transfer in singlet fission cells, and that a large family of materials may exhibit the
required properties to bring about efficient SF solar cells in the near future.
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