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This supplementary material offers the computational method used in solv-
ing the exciton delocalization incorporated drift-diffusion model.

In this model, we used the following equations:
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where the physical explanations of all the parameters are described in the
manuscript. Here, we will present the numerical method to discretize the above
partial differential equation set. We used the Scharfetter-Gummel scheme in
the spatial domain and the semi-implicit strategy in the temporal domain [1, 2].
The one-dimensional discretized forms of Eqs. (S1) - (S4) are respectively given
by:
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where the superscript m and subscript i indicate the discretized temporal and
spatial steps, respectively. Meanwhile, in these equations, Ut = kBT

q , B(x) =
x

ex−1 , and the electron potential and hole potential are of the forms

φn = φ+
Xi

q
+

kBT

q
ln(Nc) (S9)
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q
+

Eg

q
− kBT

q
ln(Nv) (S10)

where Xi is the electron affinity, Eg is the bandgap, and Nc,v indicates the
effective density of states.

For every iteration in the time domain, the Poisson’s equation will be solved
first, and then the exciton diffusion-dissociation equation, electron and hole
drift-diffusion equations will be solved in turn. The iteration will continue until
a steady solution is obtained. The convergence condition for the steady solution

calculation is given by
∣∣∣Jm+1−Jm

Jm

∣∣∣ < 10−4.

As shown in Fig. S1, using this numerical method, our theoretical result
has a good agreement with the result extracted from the literature [L. J. A.
Koster et al., Phys. Rev. B 72: 085205, 2005] by using the same exciton model
in the literature. Thus, the numerical method adopted is convincing to ob-
tain the steady solution of polymer solar cells including current density-voltage
characteristics. Additionally, by setting a time-dependent generation rate, the
numerical method also can be utilized to simulate transient photovoltage (TPV)
or transient photocurrent (TPC) of polymer solar cells, where the excitation is
not sunlight but a short laser pulse.
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Figure S1: The current density-voltage characteristics of a polymer bulk-
heterojunction solar cell. The simulation parameter can be found in [Phys.
Rev. B 72: 085205, 2005.]
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