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Figure 1 Schematic evaporation mode of the droplet on the substrate
[17-19]. (a) Constant contact angle mode (CCA); (b) constant contact
radius mode (CCR); (c) mixed mode (CCA+CCR) (color online).
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Figure 2 Three typical convection modes affecting the droplet
deposition. (a) A radial capillary flow [1,3]; (b) DLVO forces [3]; (c)
Marangoni flow [2,3]; (d) a phase diagram indicating the relationship
between three convection modes and the as-deposited micro-pattern [3]
(color online).
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Various nonuniform patterns obtained from droplet deposition
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Figure 3 Various non-uniform patterns obtained from droplet deposition where the solute is non-volatile [26]. (a) Coffee ring [5]; (b) multi-ring [6];
(c) mountain-like [7]; (d) volcano-like [8]; (e) spoke-like [9]; (f) eye-like [10] (color online).
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Strategies for making micro-patterns with uniform distribution
(@) reducing the outward flow  |(b)
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Figure 4 Strategies for making micro-patterns with uniform distribution: (a) reducing the outward movement tendency of particles: (a;) depositing
the droplets in a mold [34]; (a,) surface chemical modification of particles for the enhanced spatial stability [35]; (b) increasing the inward movement
tendency of particles: (b;) in a vapor cloud, depositing the droplet on a substrate with a polygonal pattern [38]; (b,) under vacuum conditions [39]; (c)
increasing the three-phase line’s sliding capacity: (c;) sugar-assisted [40]; (c,) placing the droplets on a hydrophilic surface impregnated with silicone

oil [41] (color online).
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Figure 5 Applications of micro-patterns obtained via droplet deposition in electronics: (a) QLED [42]; (b) perovskite wearable electronic devices

[43]; (c) laser display [12]; (d) OFETs [44] (color online).
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Miro-patterning nano-particles by droplet deposition

Huanhuan Dengl, Min Zhangz, Huan Liu®

! Key Laboratory of Bio-Inspired Smart Interfacial Science and Technology of Ministry of Education, School of Chemistry, Beihang University, Beijing
100191, China
* Research Institute for Frontier Science, Beihang University, Beijing 100191, China
*Corresponding author (email: liuh@buaa.edu.cn)
Abstract: Droplet deposition is an essential process for making micro-patterns using solution processes, especially for
the inkjet printing, and it has been widely used in making optoelectronic thin-film devices. Droplet deposition is an
extremely complicated and dynamic process, including the spreading, dewetting and drying processes, which can be
affected by parameters of the evaporation environment, droplet properties and substrate wettability. It is frequently
happened that the droplet deposition produces various micro-patterns. However, these micro-patterns have been long
time suffered from the poor uniformity, which therefore impairs the performance of the as-developed optoelectronic
devices. Here, taking the solution containing non-volatile nanoparticles as the example, we reviewed systematically both
the droplet evaporation modes and three typical convection modes. We also introduced several typical deposited micro-
patterns, including coffee ring, multi-ring, mountain-like, and other irregular patterns. On the basis, we further discussed
recent-developed strategies for making micro-patterns with uniform distribution and their applications in electronic
devices. At the end, some perspectives on patterning nanoparticle prepared by droplet deposition are discussed. The
review could offer inspiration for the patterning of functional nanomaterials and the precision fabrication of
optoelectronic devices by solution processes.

Keywords: droplet deposition, patterning, coffee ring, three phase contact line, Marangoni flow
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