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1 Theory

The drift-diffusion model of charge transport from was used
for bulk charge transport and recombination
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The electron and hole flux consists of two terms (diffusion
and drift)
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where the electrostatic potential is φ , electron mobility is µe,
hole mobility µh.

A direct band-to-band nonlinear recombination is assumed

Re = Rh =
1

NDτh
(np−n2

i ). (6)

We extended the drift-diffusion equations to include effects
of electron and hole trapping/detrapping and charge transfer
from the surface states. Kinetic model which with corre-
sponding rate constants 2 was extended to 1D model. Trap-
ping/Detrapping rates of electrons βn,εn and holes βp,εp. For
the balance on the surface (x = 0) the master equation de-
scribes evolution of probability f that an electron occupies a
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surface trap in the semiconductor at level Et with density Nss

∂ f
∂ t

= βn(1− f )n(0)−εn f −βp f p(0)+εp(1− f )−ks( f − f0),

where rate of charge transfer from surface traps to electrolyte
ks.

We estimate order of magnitude for Nss ≈ 6 ·1013 cm−2 by
referring to the number of surface trapped holes as reported
by1

Electron and hole currents through the SEI

je(0) =−q(βn(1− f )n(0)Nss +qεn f Nss),

jh(0) =−q(βp f p(0)Nss +qεp(1− f )Nss),

Detailed balance at equilibrium (index 0) gives

εn

βnn0
=
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The trapping rate is calculated from electron capture cross-
section γn and thermal velocity of carriers vth

βn = βp = γnvth (7)
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Symbol Fe2O3
2 Description

ND [cm−3] 4.8 ·1018 Donor concentration
NA [cm−3] 0 Acceptor concentration
Vf b,RHE [V] +0.5 Flatband potential
χ [eV] +4.783,4 Electron affinity
NC [cm−3 4 ·1022 5,6 Density of states of CB
NV [cm−3] 1 ·1022 Density of states of VB
εr 32 Relative permitivity
Eg [eV] 2.1 Bandgap energy
d [nm] 60 Thickness of semiconductor
τe [ms] 0.22 Electron lifetime
τh [ns] 0.0487 Hole lifetime
Le [nm] 50 Electron diffusion length
Lh [nm] 28 Hole diffusion length
α [cm−1] 1.18 ·105 Absorption coefficient
pH 6.9 pH value of the electrolyte
Et [eV] Ec,0i −

Eg
2 Trap level

γ [m2] 10−25 Electron capture cross-section

Table 1 Material parameters of hematite used in the simulations.
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