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ABSTRACT: Dielectric elastomer actuators have recently been used to drive loudspeakers and
acoustic absorbers. So far, these acoustic devices are opaque due to use of metallic or carbon-
grease compliant electrodes. A transparent device of acoustic-absorber is desirable for large-areal 
installation to glass window or roof. There were reports of transparent compliant electrode based 
on ionic hydrogel, which however does not last long when water evaporates. This paper 
investigates the use of transparent conductive polymer and its printing to make a transparent 
acoustic absorber. We formulated the aqueous ink with improved ink’s wettability to the 
elastomeric substrate. In addition, we optimized the droplet spacing to form a continuous electrode 
coating. The ink-jet printing enables the hassle-free patterning of transparent compliant electrodes
to make a micro-perforated dielectric elastomer actuator. Testing shows that this transparent
membrane DEA can produce a maximum voltage-induced radial expansion of 20%; whereas, a 
transparent perforated-membrane DEA can size down the holes by 15%, for tuning the acoustic 
resonant frequency.

KEYWORDS: Dielectric elastomer actuators, acoustic absorbers, ink-jet Printing, transparent 
and stretchable electrodes, additive manufacturing

INTRODUCTION

Dielectric elastomer actuators have recently been used to drive loudspeakers (R. Heydt, 
R.Kornbluh et al. 1998, Keplinger, Sun et al. 2013) and acoustic absorbers (Lu, Shrestha et al.
2017). They can be either a solid membrane or a perforated one. A solid-membrane-type actuator
changes their axial tension upon voltage activation. In turn, it vibrates out-of-plane for sound
generation. A perforated-membrane-type actuator can change their perforation size and tension
upon voltage-activation. It can tune the resonant frequency of Helmholtz resonator and shift its
optimal absorption spectrum, which is broader in bandwidth than the membrane-type absorber.

A dielectric elastomer actuator (DEA) is a soft capacitor that generates a large deformation u the 
voltage activation. They consist of two compliant electrodes sandwiching a dielectric elastomer 
membrane. When a high voltage (V) is applied between the electrodes it induces a Maxwell stress 

across the dielectric elastomer membrane of thickness t, relative
permittivity and is the vacuum permittivity (Ronald E. Pelrine, Roy D. Kornbluh  et al. 1998).
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liquids as electrodes. As they are liquid-based conductors, prolonged exposure to air can dry and 
degrade their properties. Moreover, a voltage above a certain limit can cause the ions to cross the 
dielectric interface. This degrades dielectric property of the elastomer. Therefore, transparent 
DEA-based devices need an easy pattering method and the stable transparent electrode. 

We report the fabrication of a transparent DEA using inkjet printing technology. Transparent and 
stretchable poly(3,4-ethylene dioxythiophene) polystyrene sulfonate (PEDOT:PSS) (Eom, 
Senthilarasu et al. 2009, Lau and Shrestha 2017) electrode is printed. PEDOT:PSS is obtained in 
the form of water-based suspension. However, a uniform coating of aqueous suspension is 
impossible on acrylate elastomer due to uneven spread on the low hydrophilic surface (see Figure 
3(a)). To resolve this problem, a surfactant (Triton-x100) was added to the aqueous conductive ink 
which greatly improves the ink’s wettability to the elastomeric substrate(Vosgueritchian, Lipomi 
et al. 2012, Yoon and Khang 2016). Inkjet printing technology simplified the electrode patterning 
steps by eliminating masking, sputtering and wrinkling processes (see Figure 2(right)). Besides, 
we optimized the drop spacing parameter of the inkjet printer to obtain a sufficiently transparent 
and conductive film.Upon drying it forms a stable DEA.  

 
Figure 2. Fabrication steps of an MPDEA; (left) previously used steps to make MPDEA with the 
wrinkled gold thin film; (right) current fabrication with inkjet printing of PEDOT:PSS electrode. 

MATERIALS AND METHODS  

Material 

 
Figure 3. (a) Poor wettability of pristine PEDOT:PSS suspension on VHB and hence formed non-
uniform films. Mixing surfactant Triton-x100 enhanced the wettability and enables to form a 
uniform film. (b) Table showing various proportions of water and Triton-x100 and corresponding 
optical and electrical property. 
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RESULT AND DISCUSSION 

In an inkjet printing system, the drop spacing determines the fraction of the surface covered by the 
thin film and its thickness (see Figure 5(b)). An optimum surface coverage can be expected if the 
drop spacings are close to the half diameter of the disc. While printing, each drop formed a disc of 
38.10±0.61 m diameter and 0.27±0.008 m thickness.  Therefore, we examined drop spacings of 
10 m, 15 m, and 20 m. All three drop spacing could form a continuous line when printed along 
printer head scanning direction. However, the continuous film was only formed with 10 m and 
15 m drop spacing. The reason was the lower resolution of the stage moving perpendicular to the 
printer head. Hence, the resistance of the printed films varied when measured parallel and 
perpendicular to the printer scanning direction. The thin films with drop spacing of 15 m  and 
20 m are highly transparent and sufficiently conductive. Hence these drop spacings are chosen for 
basic DEA fabrication (see Figure 5(d) and (e)). 

DEAs with circular electrodes printed at drop spacing of 15 m  and 20 m on 3 times pre-stretched 
VHB4910 substrates are tested. The high voltage applied between the sandwiching electrodes 
caused its active diameter to increase. Figure 6(a) shows a DEA with 15 m drop spacing can 
produce larger diameter change. In the actuation plots, the initial exponentially increasing strain 
indicates stretching of the electrode without losing conductivity. After stretching more than 10% in 
diameter, the samples with 20 m drop spacing shows a rapid drop in actuation rate. This is the 
indication of the electrode fracture and reduction in electrode area coverage. Meanwhile, the 
sample with 15 m drop spacing shows a reliable operation for more than 15% increase in 
diameter. Based on this observation, a 15 m drop spacing is a better choice to make a DEA. 

 
Figure 5. Resolution test and effect of drop spacing on geometrical, optical and electrical 
properties of films formed by DMP 2381. (a) 3D morphology of a drop, line and a film of 
PEDOT:PSS formed by inkjet printing; Effect of drop spacing on (b) width and thickness of a 
printed line, (d) sheet resistance of a printed film and (e) transparency of the film. 

MPDEAs with single and two layer of VHB is investigated. The patterned electrodes were printed 
with a drop spacing of 15 m. The electrodes of a single layer MPDEA are exposed to air. The 
dielectric breakdown of the air occurs above an applied voltage of 4kV through the holes. This 
limits their activation voltage (see Figure 6(b)). Meanwhile, the positive electrode of a two-layered 
MPDEA is isolated from air. It could be activated to a voltage above 5.5kV and reduce the hole 
diameter by more than 15%. This proves that this transparent MPDEA can produce a shift in the 
absorption spectrum similar to the device demonstrated by (Lu, Shrestha et al. 2017). 
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Figure 6. (a) Testing of basic DEAs with PEDOT:PSS printed at different drop spacing. Voltage is 
applied to observe the actuation strain produced. (b) A small prototype of the MPDEA device with 
printed PEDOT:PSS thin film as an electrode. Upon voltage activation, the active area expands 
and the hole diameter shrinks.  

CONCLUSION 

This report presented a transparent DEA that can be used to make a loudspeaker and an MPDEA 
device. The devices were made with inkjet printed PEDOT:PSS thin film electrode. Use of the 
inkjet printing technology simplified the fabrication process of the device compared to previously 
used methods. A basic DEA prototype fabricated by this method showed expansion stain of more 
than 20%. Meanwhile, an MPDEA prototype could tune the hole size similar to the previously 
reported devices. Using the printing technology has made these devices more easily fabricable at 
industrial scale. Further work can be done to improve the uniformity and transparency of the 
devices. 
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