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ABSTRACT: Additive manufacturing (AM) has emerged in various fields including prototyping, 
construction, biomedical science, and electronic fabrication. For manufacturing of electronics, 
several AM techniques have been developed, most notably droplet-based techniques such as inkjet 
and aerosol-jet printing. The progress in this field has been hindered due to the lack of appropriate 
materials, poor printing resolution, and lack of fundamental understanding on the deposition process 
of conductive materials. Typically for droplet-based printing, small droplets of a certain ink, i.e., 
micro- or nanoparticles suspended solvent, are ejected onto printed substrates. The ink droplets, after 
deposited on a substrate, evaporate leaving behind particles on the substrate. The evaporation 
process depends on various contributing parameters such as liquid properties, surface wettability, 
roughness, and stiffness. While this process has been extensively studied for rigid substrate, it has 
not been fully understood for soft substrates, which are relevant for fabrication of flexible and 

process of suspension droplets. Variation in the elasticity plays a crucial role as it directly influences 
the morphology of the substrate at the triple-phase contact line, thus resulting in different deposited 
patterns of particles on the substrate. By fine-
electrical properties of the printed patterns can be manipulated. 
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INTRODUCTION 

AM is generally defined as a process to build 3D objects by means of joining materials layer-
by-layer. It has created the new chapter of manufacturing industry with the possibility to transform 
digital information into invaluable-physical components [1]. For manufacturing of electronics, AM 
technology has emerged in electronic fabrication for more than a decade. Direct writing techniques 
are one of the AM technologies, which have several advantages as they can easily create a board 
range of patterns from simple flattened lines to complex three-dimensional (3D) patterns. Even 
though they possess different printing principle, most of them used ink as deposited materials due 
to the ease of fabrication, and the lower cost of the process, which make AM the rising topic in many 
applications [2,3]. 
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As an example of the AM technology, inkjet printing can be a good example since its materials 
are often in the form of low viscosity suspension ink. Its printhead ejects a small droplet of ink out 
of the nozzle, and then the ink is dried through sintering process; which is a drying process of the 
ink, eliminating all solvents. Consequently, the deposited patterns are presented on the substrates 
[4]. However, the mechanism is not fully understanding, in particular on the soft substrates, because 
there are many phenomena are being involved.  

The studies on the droplet evaporation on a rigid substrate, like silicon and glass, are the first 
group of the research work in this field [5-6]. Since polymeric and elastomeric substrates are widely 
used in many applications, especially in wearable and stretchable devices, investigations of the 
evaporation on these types of substrates were presented [7-9]. In fact, soft substrates differ from 
rigid substrates by their hardness [10]. As compared with the rigid substrate, a soft substrate is more 
elastic. Theoretically, a vertical force of surface tensions of the evaporating liquid can cause vertical 
deformation on the soft substrate and hence the evaporation process [7, 8, 11]. However, the studies 
on effects of these substrates on evaporation mechanisms and deposited patterns are not completely 
understood.  

Printed electronic devices from an inkjet printer are typically produced as thin-film, ranging 
from nanometer to hundreds of micrometers. Since there are ultra-thin components, their properties 
(mechanical and electrical properties) largely depend on the deposited materials and deposited 
morphology. To control these properties, various knowledge on how the drying process effects the 
printed patterns should be studied. Particularly, a relationship between evaporation mode, time, and 

 

Therefore, this work presents a dependence of ink evaporation on the elasticity of soft-rubbery 
substrates, Ecoflex. This substrate has been used in both industrial and research areas for additive 
manufacturing of electronics components. It is compatible with printed electronic application due to 
its high stretchability and good surface adhesion. 
 

LITERATURE REVIEWS 

Droplets evaporation on soft substrates 

Deposition of ink via the inkjet printing, from the ink landing on the surface to the stain 

process. Considering a pure liquid drop on an ideal solid substrate (smooth and homogenous), three 
different phases- that are surface tensions of solid-liquid ( ), liquid-vapor ( ), and solid-vapor 
( ) act on contact region as shown in Figure1. The relationship between these forces is explained 
by  [12] as in an equation below. 

 

This equation illuminates a mechanical equilibrium of three-phase contact lines (TLs) where all 
the forces of them are balanced. Besides, the surface tensions and the contact angle are then used to 
characterize the wetting and evaporating process of the sessile droplet [13]. 

After the TL is pinned and then evaporated, a drop that its contact angle decreases over time, 
but not its radius, is considered to evaporate in a constant contact radius (CCR) mode. While drop 
evaporation corresponds to a recession of only the TL, it refers to the evaporation in a constant 
contact angle (CCA) mode. In general, drop starts evaporating in the CCR mode and then convert 
to the CCA mode when the receding contact angle  is achieved. The radius is becoming smaller, 
and the TL moves toward center of the drop. Furthermore, more complex evaporation mode exists 
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Figure 4. Graph  

CONCLUSIONS 

This work shows a macroscopic view of the suspension droplet evaporating on the smooth-
rubber substrate with different elasticities. The dynamic contact angle of sample D differs from the 
rest. However, the substrate elasticity of sample A-C has no significant difference, so the results 
from these samples show almost similar results. The Ecoflex substrate shows a narrow range of 
elasticity with presented mixing ratio. However, 
needed to extend the study.  
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