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ABSTRACT 

Tactile feedback devices and microfluidic devices have huge significance in strengthening the area of robotics, human 
machine interaction and low cost healthcare. Dielectric Elastomer Actuators (DEAs) are an attractive alternative for both 
the areas; offering the advantage of low cost and simplistic fabrication in addition to the high actuation strains. The in-
plane deformations produced by the DEAs can be used to produce out-of-plane deformations by what is known as the 
thickness mode actuation of DEAs. The thickness mode actuation is achieved by adhering a soft passive layer to the 
DEA. This enables a wide area of applications in tactile applications without the need of complex systems and multiple 
actuators.  

But the thickness mode actuation has not been explored enough to understand how the deformations can be improved 
without altering the material properties; which is often accompanied with increased cost and a trade off with other 
closely associated material properties. We have shown the effect of dimensions of active region and non-active region in 
manipulating the out-of-plane deformation. Making use of this, we have been able to demonstrate large area devices and 
complex patterns on the passive top layer for the surface texture change on-demand applications. We have also been able 
to demonstrate on-demand microfluidic channels and micro-chambers without the need of actually fabricating the 
channels; which is a cost incurring and cumbersome process. 

Keywords: Electroactive polymers, Dielectric elastomer actuators, Thickness mode actuation of DEAs, Tactile 
feedback, Microfluidics. 

 

 

1. INTRODUCTION AND MOTIVATION 

There is a great emphasis on novel technologies for improving human-machine interaction through tactile feedback and 
haptics. [1] The interest in the field of haptics and tactile information is driven by a plethora of applications; imparting a 
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sense of touch to the robots, immersive user experience in virtual and augmented reality, refreshable braille displays for 
the visually challenged and improving the haptics in touch-sensitive products like smartphones and display screens. [2] 
Tactile feedback allows for superior identification and sorting; the feel of touch is able to resolve incoming data five 
times faster than visual sorting. [3] Our sense of touch is remarkably adept at identifying different textures by swiping 
across a surface. [4] These texture changes can be perceived from a range of physical attributes like variations in friction 
(moist to dry, sticky to slippery), hardness (soft and hard), temperature (cold and warm) and roughness (unevenness and 
smoothness). [5] Over the years, a lot of research has been done into the technologies to enable tactile feedback and 
enhance the user experience during user-machine interaction. Few of these technologies have also started finding their 
feet commercially in the global market; TESLATOUCH creates a tactile sensation on the screen by electrovibration [6], 
Lateral force fields create a feeling of depth by changing the properties of ongoing horizontal vibrations [7], AIREAL 
hits user’s hand with air vortexes for a force sensation in virtual environments [8], and Braille Kindle [9] work on the 
principle of microfluidics. However, most of these technologies create the tactile sensation by simulation of the senses 
rather than creating actual topographical changes on the surface. 

Microfluidics promises a huge potential in low cost, point of care diagnostics; making medical services accessible to a 
larger population in low resource settings. [10] They offer the advantage of efficient use of samples by making use of 
micro-volumes of reagents and samples. [10] Conventional microfluidics, capable of complex processing of fluids and 
integration of advanced analytical techniques, requires patterning of individualized chambers and flow channels inside 
the PDMS membrane. Several techniques have been successfully demonstrated for this purpose; membrane sandwich 
technique making use of photolithography and replica molding [11], femtosecond laser pulsing followed with chemical 
etching [12] and high-brightness diode-pumped Nd:YAG laser direct write method [13] to mention a few. Most of these 
techniques are quite complex and lack on demand adaptability with the requirements of the environment. 

Dielectric elastomer actuators (DEAs), under the family of electroactive polymers provide an attractive alternative for 
both the scenarios mentioned above. DEAs provide large actuation strains, and work on the principle of Maxwell 
stresses. [14] The architecture is essentially of that of a capacitor, where a soft, insulating, elastomeric layer is 
sandwiched between compliant electrodes. [15] Under the influence of an electric field, the elastomer layer stretches out, 
providing the actuation. [15] DEAs have been investigated for tactile applications as well; coupled with mechanical 
components [16, 17], coupled with fluidic systems [18] and in vibrational actuation mode with pulse-width, amplitude 
and frequency modulations [19,20]. However, these systems are single, separate actuators and to generate topographical 
deformations over large area poses a difficult challenge for them; as assembling large arrays of discrete actuators is 
prohibitive in terms of cost, actuator density and fabrication complexity. [21] Thickness mode actuation of DEAs 
provides a solution to this complexity. [21, 22] A mechanically coupled soft layer to DEA produces surface 
deformations. [21]  

Here we study the effect of dimensions of the active region and the non-active region on the surface deformation and 
show the proportional and inversely proportional relationship, respectively. We also demonstrate large area devices with 
an area of 15 cm X 14 cm, having 7 individual pixels and 2 different surface patterns. We also show the ability of this 
mode of actuation to achieve complex patterns with ease. This can enable complex tactile devices; increasing the 
capability and complexity of these devices. We have also been able to achieve on-demand micro-chambers and flow 
channels for microfluidic devices, from a smooth polymer membrane. This can eliminate the need for complex 
fabrication processes, which are employed currently. 

 

 

2. THICKNESS MODE ACTUATION OF DEAS 

Thickness mode actuation is one of the configurations of DEAs, which enables out of the plane deformation from 2 
dimensional patterning of electrodes. [21] By coupling an intrinsically soft, elastomeric, passive layer on top of DEA 
mechanically, the deformations produced in the active layer can be harnessed to produce 3-D deformations. [21, 22] The 
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carried out. Integration of these fabricated tactile devices with active functionalities and devices and surfaces will be 
studied to increase the applicability of this technology and seamless amalgamation with surroundings. Applicability of 
this technology with existing microfluidic devices will be analyzed as well. 
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