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Introduction: The goal of this work Is to use a coupled optical and electrical
COMSOL Multiphysics model to simulate dye sensitized solar cell (DSSC)
based on photoanodes made of 3 dimensional (3D) indium tin oxide (ITO)
nanorod architectures (Figure 1). The 3D photoanode is designed for
Improving the charge transport of the photo-generated electrons by
providing the them closer conducting pathways near where they are formed
to the contact to reduce the recombination loss.

Figure 1. Kinetic processes of DSSC

Computational Methods: The model is a two-step optical-electrical coupled
model as illustrated In Figure 2. In the first step, scattered field formulation
enabled by RF module is applied to model the optical properties of the entire
device stack. Coherence effect due to the substrate Is considered by a
generalized matrix method which Is incorporated in the model. In the second
step, 3D electron diffusion equation with the generation term obtained from
the optical simulation is used to model the diffusion of the electrons within the
TIO, network. Two assumptions are made for the electrical simulation. 1.
High-ionic-strength electrolyte screens the electric field so there Is no drift
term. 2. Recombination rate of the electrons Is linear with respect to the
electron concentration in the TiO, conduction band.
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Results: The external quantum efficiency (EQE) and the internal
guantum efficiency (IQE) have been extracted from the simulation
results. It Is observed that the 3D architecture based electrode
provides better photon to electron conversion efficiency especially
at long wavelengths. This is due to a weak absorption coefficient of
the dye molecule and the photo generated electrons are far from
the electrode, where the 3D structure could make improvements.
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Figure 5. IV curve (left), EQE and IQE (right) of 2D and 3D based DSSC
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Figure 6. Electron concentration on log,,  Figure 7. Recombination profile on log,,
scale (1/m3) and electron flow at short circuit scale (1/m3/s) at short circuit

Conclusions: We have used the two step optical —electrical coupled
model to simulate DSSCs based on both planar (2D) and nanorod (3D)
photoanodes. Useful information such as IV curve, EQE, IQE and
recombination profile have been extracted to explain the advantages of
the 3D electrode design comparing to the planar counterpart.

This model Is now being used to simulate quantum dot sensitized
solar cells. An electrical model based on both diffusion and drift current
terms (with equations shown below) will be the future focus of the work
to enable simulation of all solid state DSSC, and potentially organic
solar cells with different morphologies.

Figure 2. Two-step coupled simulation design Electrolyte References:
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Figure 3. lllustration of the 2D and 3D
DSSC structures, and the energy diagram 3
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Figure 4. Equations for the diffusion model (left) and the boundary conditions (right)
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