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Table S1. Comparison of deposition speed of the ultrathin Dif-TES-ADT crystalline film in this work with other 

ultrathin OSC crystalline films fabricated in the literatures.

Material
Thickness

(nm) 
Speed (mm s-1)

Temperature
(oC)

Ref.

Dif-TES-ADT 4.53 nm 1 50 This work

C10-DNTT 4 nm 0.03 85-90 1

C8-DNBDT-NW 7.2 nm 0.02 60-62 2

Ph-BTBT-C10/Ph-BTBT-C6 4.4 nm 0.0025 Room temperature 3
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Table S2. Properties of solvents.

Solvents Surface tension @50℃ [mN∙m-1] Boiling point [℃]

m-xylene 25.71 139

o-DCB 32.57 180

2-chlorophenol 36.89 175

Iodobenzene 35.91 188

The surface tensions at 50°C were obtained from CRC Handbook of Chemistry and Physics (David, R. Lide, CRC 

Handbook of chemistry and physics 84th edition, 2003).



Table S3. Comparison of mobilities of the ultrathin Dif-TES-ADT crystalline film-based OTFTs in this work with Dif-

TES-ADT film-based devices in the literature.

Material Structure Method Mobility
（cm2 V-1 s-1）

Ref.

Dif-TES-ADT Ultrathin film Blade coating 5.54 Our work
Dif-TES-ADT Single crystal PVD 6 1
Dif-TES-ADT Film Spray deposition 0.2 2
Dif-TES-ADT Film Drop casting 0.41 3
Dif-TES-ADT Film Drop casting 3 4
Dif-TES-ADT Film Spin coating 1.5 5
Dif-TES-ADT Film Spin coating 0.1-0.2 6
Dif-TES-ADT Film Spin coating 0.7 7

Dif-TES-ADT: PTAA Film Blade coating 0.31 8
Dif-TES-ADT: PαMS Film Blade coating 3.6 9

Dif-TES-ADT: PS Film Blade coating 1.9 10
Dif-TES-ADT: PS Film Blade coating 0.1 11

Dif-TES-ADT: PTAA Film Spin coating 2 12
Dif-TES-ADT: PTAA Film Spin coating 2.4 13

Dif-TES-ADT: PS/PαMS/PMMA Film Spin coating 0.09 14
Dif-TES-ADT: PTAA/PF-TAA Film Spin coating 5 15

Dif-TES-ADT: PTAA Film Spin coating 2.4 16

Dif-TES-ADT: PTAA Film Spin coating 0.1 17
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COMSOL Simulations

To simulate the fluid behavior in the solvent during the meniscus-guided coating process, we use a 2D model that 

takes into account fluid flow and heat transfer in the fluid domain. Assuming that the shearing process was at a 

quasi-equilibrium state, we considered the shape of the meniscus was unchanged during deposition and used a 

stationary model. The governing equations are shown below.

Laminar Flow

The solvent in this case was modeled by using incompressible Navier-Stokes equations: 

𝜌(∂𝑢∂𝑡 + (𝑢 ∙ ∇)𝑢) ‒ 𝜇∇2𝑢=‒ ∇𝑝+ 𝐹
∇ ∙ 𝑢= 0

where u = (u, v) represents the velocity vector of the solvent (m s-1), μ represents the viscosity (Ns m-2), ρ is the 

density (kg m-3) and p is the pressure (Pa). F donates the force field which includes the gravity and the surface 

tension force acting at the liquid-gas interface. A non-slip condition was applied to the substrate and a slip 

condition was set to the interface.

Heat Transfer in Fluids

The heat transfer was described as: 

𝜌𝐶𝑝𝑢 ∙ ∇𝑇= 𝑘∇
2𝑇

Here, is the heat capacity (J kg-1 K-1), k is the thermal conductivity, T is the temperature and u = (u, v) is the 𝐶𝑝

velocity vector of the solvent (m s-1) which could be coupled with the velocity in Navier-Stokes equations. The 

temperature on the substrate is set as 323K and the initial temperature is set as ambient temperature.

Marangoni Flow

Since the equivalent size is small, the surface tension of the interface depends on the temperature distribution 

and then the Marangoni effect occurs. It is described by the following contribution:

[ ‒ 𝑝𝐼+ 𝜇(∇𝑢+ (∇𝑢)𝑇) ‒ 23𝜇(∇ ∙ 𝑢)𝐼]𝑛= 𝛾∇𝑡𝑇
Here,  represents the temperature derivative of the surface tension which is 0.10836 (N m-1 K-1) in this case. 𝛾

The Marangoni flow is coupled with heat transfer and fluid flow. 



Fig. S1. Schematic diagram of the observation setup.



Fig. S2. (a, b) CPOM images of the Dif-TES-ADT crystalline film after partially removing the film using 

dichloromethane. Due to the coffee-ring effect, a thick aggregation of residues at the boundary of Dif-TES-ADT thin 

film was observed. (c-k) AFM images of the boundaries between the Dif-TES-ADT thin films and BCB substrates. 

 



Fig. S3. 2D-GIXRD characterization of the spin-coated polycrystalline film, showing diffuse intensities around the 

(00l) diffraction peaks along with the Debye rings.



 

Fig. S4. (a) HR-AFM images of the ultrathin Dif-TES-ADT crystalline film and their corresponding FFT patterns. (b-d) 

Histograms of lattice constants of the obtained ultrathin Dif-TES-ADT crystalline film extracted from the FFT 

patterns. 



Fig. S5. Captured images from the top of the meniscus during blade coating. As the o-DCB concentration increases, 

the meniscus length increases. Blade-coating speed for all captures is 1 mm s-1.



Fig. S6. (a-k) Contact angles of m-xylene, o-DCB, and the mixed solvents with different o-DCB concentrations on 

the BCB surface. 



Fig. S7. CPOM and AFM images of the ultrathin Dif-TES-ADT films obtained from the mixed solvents of (a-c) m-

xylene/2-chlorophenol and (d-f) m-xylene/iodobenzene, respectively.



Fig. S8. Molecular structures of (a) TIPS-PEN, (d) C6-DPA, (g) 4Cl-TIPS-TAP, (j) PTCDI-C8, and (m) TIPS-TAP. (b-o) 

CPOM and AFM images of the corresponding ultrathin crystalline films.



Fig. S9. CPOM and AFM images of the ultrathin Dif-TES-ADT films prepared on (a-c) glass substrate, (d-f) Au 

surface, and (g-i) PEN substrate, respectively.



Fig. S10. (a-d) Transfer curves of the array of 5 × 8 ultrathin Dif-TES-ADT crystalline film-based OTFTs included in 

Fig. 6d. 



Fig. S11. (a) CPOM image and (b) output characteristics curve of the Dif-TES-ADT film fabricated from pure m-

xylene solvent under an optimal blade-coating speed of ~0.3 mm s-1.



 
Fig. S12. (a) CPOM images of the ultrathin Dif-TES-ADT crystalline film-based OTFTs with different channel lengths. 

(b) RtW of the ultrathin Dif-TES-ADT crystalline film-based OTFTs as a function of channel length at various gate 

bias. (c) Linear transfer curves in TLM measurement of the ultrathin Dif-TES-ADT crystalline film. (d) CPOM images 

of the Dif-TES-ADT film from pure m-xylene solvent-based OTFTs with different channel lengths. (e) RtW of the Dif-

TES-ADT film from pure m-xylene solvent -based OTFTs as a function of channel length at various gate bias. (f) 

Linear transfer curves in TLM measurement of Dif-TES-ADT film fabricated from pure m-xylene solvent. 



Fig. S13. Typical output characteristics of OFET base on the ultrathin Dif-TES-ADT crystalline film on the flexible 

substrate.
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Fig. S14. Transfer curves of the ultrathin Dif-TES-ADT crystalline film-based OTFT under different bending radii.
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Fig. S15. Transfer curves of the ultrathin Dif-TES-ADT crystalline film-based OTFT under different bending times at a small 

bending radius of 6 mm.


