


the curvature of the ink–substrate interface to quench the stochastic nucleation of 
the crystal grains. This part of the method is inspired by the effect that nucleation 
preferentially happens in places where the ink meniscus is highly curved – an 
explanation which not too long ago also explained the well-known “coffee ring effect” 
[1,2]. The combination of these two approaches in the FLUENCE method leads to 
large-area, highly-aligned single-crystalline thin films with an unprecedented degree 
of structural perfection. 
 
The degree of alignment in the FLUENCE-printed single-crystalline films and their 
structural perfection were analyzed in-depth using SSRL Beam Lines 11-3, 7-2, 1-5 
and 2-1. Using x-ray scattering profiles and line width analysis, the research team 
found a massively reduced spread in crystallite orientation (from around 60 degrees 
in films printed without FLUENCE to 2 degrees in FLUENCE-printed films), and very 
high degree of structural perfection in the films (800 nm coherence length) that 
rivals values published for slowly and vapor-grown large crystals of these materials. 
  
This work is the first demonstration of simultaneous control of crystal alignment, 
molecular packing structure and deposition of single crystals over a large area. This 
level of control is unprecedented for solution coating. The electrical performance of 
FLUENCE-printed films of the commercially available organic semiconductor TIPS-
pentacene is raised from the typical value reported for solution-deposited films of 
this material (1-2 cm2/Vs) to a record value of 11 cm2/Vs (hole mobility). This result 
serves as an example for the potentially huge performance benefit for organic 
devices that comes from a material delivery that is directly engineered to address 
the existing issues in solution-formed films. The engineering solutions developed in 
this work were derived though a critical analysis of the physics (microfluidics, ther-
modynamics and kinetics) that govern the film formation from ink in the printing 
process. 
 
The concepts demonstrated in FLUENCE can be easily scaled and transferred to 
commercial printing methods. The significant improvement in the structural quality 
and electrical performance of the films printed with the FLUENCE method could ena-
ble the production of small, inexpensive organic circuitry with lower power consump-
tion and higher performance. 
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