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1. Geometry Structure

1.1 Molecular Packing Distances
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Figure S1 The distances variation between the two adjacent molecular in the dimers under the
external electric field along z axis.
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1.2 The Bond Angles
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Fig S2 (a) Geometry structure of DPA, the numbers denote the vertex of the bond angles
composed of carbon atoms within the aromatic ring. The bond angles variation induced by the
electric fields along (b) x, (¢) y and (d) z axis.
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2. Charge Transport Properties

2.1 Carrier Mobility along z-axis
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Fig S3 Carrier mobility along z axis with the external electric fields.
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2.2 Normal Modes Analysis
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Figure S4 Two representative normal modes which contributes a lot to the increasement of
reorganization energy and the change of their reorganization energy contributions when electric
along y axis is applied.
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2.3 Huang-Rhys factor
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Figure S5 Huang-Rhys factor of each normal mode with and without electric fields along x axis
applied.
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2.4 Transfer Integrals s
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Figure S6 Transfer integral variation when electric field along z axis applied
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3. Simulation in OFET

3.1 Simulation Method

The process of simulating the intrinsic carrier mobility in a working organic field effect
transistor device consists of four steps.

Stepl. Obtain initial data.

We have obtained the mobility under an electric field along the Cartesian axis. However, in real
devices, the electric field is usually not oriented along the axis. Therefore, we need more data
for the simulation. Here, we calculate the mobility under electric fields along different
directions 0.001, 0.003 and 0.005 a.u. as a supplement. The calculations are the same as
described in the Methods section.

Step2. Numerical Fitting.

Numerical fitting was performed using the least squares method. We fitted the mobility along

the x-axis and y-axis separately. Take the mobility along the x-axis (denoted by Hx) as an

example. First, we fitted the relationship between the mobility and the electric field along the
Cartesian axis. We used polynomial fits to express this relationship. These functions are

denoted by (B ), 'uy(E ), and Mo (E ), respectively. It is encouraging to note that all the fits have

high coefficients of determination (Rz) as shown in Fig. S7. We then performed the following

fits using the carrier mobility in the off-axis electric field. Here, we construct a numerical model
expressed as,

e =1 (E iy (B Jus(E,) + GE,E, + bE,E, + cE E, +d

Where, the projections of electric field £ along Cartesian axis are denoted as Ex, EJ’, and EZ,

and a-d are fitted constants.

Step3. Obtaining the electric field distribution.

We use the Silvaco TCAD Atlas device simulation package to calculate the electric field
distribution in an actual OFET. In the simulation, we chose pentacene as the substrate material
for the organic semiconductor. To simplify the calculations, we consider the dielectric constant
to be isotropic. The dielectric constant is set to 2.2822, which corresponds to the dielectric
constant of DPA, and it is determined by the Clausius-Mossotti equation. The Clausius-
Mossotti equation is!,

-1 pN,a
e, +2 3Me,

r

Where, ér denotes the dielectric constant, P represents the density, M represents the molecular

mass, Ny = 6.02 x 102 mol" represents the Avogadro constant, €0 = 8.854 x 102 F/m

represents the vacuum permittivity, and @ denotes the electronic polarizability, which is
calculated with Gaussian 09? Package at the level of PBEO/jul-cc-pVDZ. We set the voltage
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between source and gate electrodes Ves to be -40 V, and the voltage between source and drain

electrodes Vps to be -20 V to carry out this simulation.

Step4. Obtaining the mobility along the conducting channel.

Based on the above simulations, we extracted the electric field distribution on the conducting
channel. By numerically fitting the model, we obtained the carrier mobility distribution along
the channel.
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3.2 The Numerical Fitting Process
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Figure S7 The fitting result of the mobility along x axis effected by electric directions along
(a) x, (b) y, and (c) z directions and the mobility along y axis effected by electric directions
along (d) x, (e) y, and (f) z directions.
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3.3 The Fitting Results
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Figure S8 The mean result of the predicted mobility under different values of electric fields.
The error bars represent the standard error.
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