X %
[ESROL S G E A )
AT F
FALRGAEHH
FALIZ G O &M

Qiming Liu

it (25)

TP TS 979 &5

P27 4E3 H 24 H
SALBLHNEE 4 455 1 THR%Y

A E H Optical anisotropy of conjugated polymer PEDPT:PSS and its effect on
Photovoltaic performance of crystalline-Si/PEDOT:PSS heterojunction
solar cells
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Poly(3,4-ethylenedioxythiophene): poly (styrenesulfonic acid)(PEDOT:PSS) has attracted considerable attention as
a conducting polymers because of its high electrical conductivity, transparency, structural stability, and other desirable
properties. They have been applied for organic thin-film solar cells (OPV) and electroluminescent (EL) devices. Several
attempts have been made to further improve the conductivity of PEDOT:PSS by adding polar solvents such as water,
methanol (MeOH), dimethyl sulfonate (DMSO), or ethylene glycol (EG). These solvents modify the fine structure of the
random PEDOT:PSS coils. In optical point of view, PEDOT:PSS also exhibits strong uniaxial optical anisotropy, i.e., the
ordinary refractive index n, and extinction coefficient k, indicate metallic behavior, while the extraordinary refractive
index n, and extinction coefficient &, indicate a more dielectric behavior. Recently, solar cells based on a crystalline Si
(c-Si)/PEDOT:PSS heterojunction structure have been reported to have a power conversion efficiency n of 11-13%.
However, the effect of uniaxial optical anisotropic character on the photovoltaic performance of c-Si/PEDOT:PSS
heterojunction solar cells remains an open question.

In this work, we demonstrate the effect of uniaxial optical anisotropy on the carrier transport properties and
photovoltaic performance of c-Si/PEDOT:PSS heterojunction solar cells fabricated by spin coating using either a MeOH
solvent alone or MeOH and EG as cosolvents.

One-side-polished n-type c-Si(100) wafers with a resistivity of 1-5 Q-cm and a thickness of 300 pum were used
as substrates. DMSO (5 wt%) was added to filtered (pore size 0.45 pm) PEDOT:PSS (Clevios PH1000) to render it
conductive. Blended solutions were then prepared using MeOH alone or MeOH/EG cosolvents with different weight
ratios. Thin films were formed by spin coating these solutions onto the c-Si substrates at 1000 rpm for 60 s, followed by
thermal annealing at 140°C for 30 min.

Through systematic structural, optical and electrical characterizations, it was found that the use of the cosolvents



led to an increase in n, that promoted densification of the PEDOT:PSS network. The depth profile of PEDOT to PSS
and optical anisotropy depend on polar solvent and guest molecule such as MoO;, graphene, and ferroelectric polymer.
PEDOT:PSS shows metallic property in-plane, whereas dielectric property out-of-plane, which degree can be controlled
by polar solvent and guest molecule. These characteristics is a origin that c-Si/PEDOT:PSS single heterojunction works
as a photovoltaic device without using p-n junction and transparent conductive layer such as indium tin oxide. An
addition of polar solvent in PEDOT:PSS resulted in an increase in carrier mobility in the films. A solar cell fabricated

using such a film exhibited a relatively large 1 of 11.2%, with a J, of 28.8 mA/cm’, a V,, of 0.55 V, and an FF of 0.71.
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