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ABSTRACT: Stretchable electronics is gaining wide spread attention due to its application in 
many applications such as wearable devices, soft robotics, biomedical and consumer products. 
Aerosol jet printing, which is capable of printing very fine features, can be used to fabricate high 
performance flexible electronic devices. In this paper, we explore aerosol jet process technique to 
print conductive stretchable ink for fabricating new-age electronic circuits. Functional composite 
ink made of silicone and silver composite were used to print directly on stretchable silicone rubber 
substrate. Electronic functional devices such as flexible circuit and strain gauge were successfully 
printed, characterized and tested for stretchability. 
 
KEYWORDS: Aerosol jet printing, stretchable electronics, 3D printing, Additive manufacturing, 
Printed electronics. 
 
INTRODUCTION 

Flexible and stretchable electronics is an emerging technology that is revolutionary and 
developing fast. (Kim et al. 2012, Lu et al. 2014). Flexible and stretchable electronics can be used 
for smart electronic products such as flexible RFID tags (Kim et al. 2014, Shao et al. 2014), low 
cost sensors on food package (Zhang et al. 2013), and wound monitoring (Zhang et al. 2013). 
Stretchable electronics can be fabricated using various printing technologies such as gravure 
printing (Secor et al. 2014), flexographic printing (Leppäniemi et al. 2015) and screen printing 
(Pardo et al. 2000). These technologies are able to give acceptable print resolution (approximately 
50 microns) for general electronic applications. For instance, Hrehorova et al. achieved a 
resolution of 75 microns using gravure printing and Hyun et al. achieved a printing resolution of  
40 microns using screen printing (Hrehorova et al. 2011, Hyun et al. 2015). However, new-age and 
high performance electronic devices require better print resolution (Chang et al. 2012). Thus far, 
various printed flexible electronic components such as circuitry (Kim et al. 2008), resistors , 
capacitors (Li et al. 2012), transistors (Baeg et al. 2012), photodiode (Pierre et al. 2015) and OLED 
(Pardo et al. 2000) have been successfully demonstrated. 

 
Among these printing technologies, aerosol jet printing is a relatively new and less-

established additive manufacturing (AM) technology for printed electronics (Saengchairat et al. 
2017, Tan et al. 2016), wherein researchers are still developing and trying to  understand the 
process (Goth et al. 2011). Aerosol jet printing belongs to a class of AM technology where 
patterning of the functional inks is done by additively depositing the functional inks at desired 
location on substrates. Using the unique aerodynamic focusing technique, aerosol jet printing is 
capable of printing resolution as small as 10-20 m (Wang et al. 2013). Due to the nature of the 
printing process, aerosol jet printing technology is capable of doing conformal printing (Paulsen et 
al. 2012) and processing wide range of materials such as graphene (Song et al. 2017), carbon 
nanotube (Cao et al. 2017), metals (Krzeminski et al. 2017), etc. To date, aerosol jet printing has 
been reported as a fabrication tool for flexible solar cells(Mette et al. 2007) , thin-film transistors 
(Jones et al. 2010), molded interconnect devices (Paulsen et al. 2012) and sensors (Liu et al. 2012). 
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This work explores aerosol jet printing to deposit stretchable ink on silicone rubber 
substrate. A parametric study of process parameters (sheath flow, atomizer flow, process speed) 
for printing of the stretchable ink with pneumatic atomizer is carried out to optimize the process. 
Both qualitative and quantitative analyses have been done to investigate the process window for 
controlled, repeatable and good quality print. Using the optimized parameters, a stretchable circuit 
was fabricated demonstrating flexible and stretchable electronic devices. 
 
EXPERIMENTAL SECTION 
 
Ink and Substrate Preparation 
The ink used in this work is the electrically conductive stretchable ink (127-30, Creative Materials) 
specially tuned for Optomec aerosol jet printer. The ink is repeatedly stirred and sonicated for 30 
minutes to ensure homogeneous solution.  The ink contains silver particle fillers dispersed in liquid 
silicone ink with viscosity of 250 cps, which adheres well to substrate such as silicone substrate 
which normally has low surface energy. The ink turns conductive after sintering for few minutes at 
170-180°C in a heat convection oven. The silicone rubber substrate is cleaned by sonicating in 
ethanol to remove dust and contaminants prior to printing. 
 
Aerosol jet printing 
Aerosol jet printing technique comprises 3 stages, which are (i) atomization stage, (ii) aerosol 
delivery stage, and (iii) deposition stage as shown in Figure 1a. The first stage, which is the 
atomization stage, involves the formation of aerosols or droplets of the ink. The ink is normally 
placed in an ink reservoir and secured in place inside the pneumatic atomizer. The pneumatic 
atomizer consists of a venture tube and a nozzle, which is used to generate aerosol of ink. Tiny 
droplets of ink are formed when it is forced through the nozzle at high speed. The atomization rate 
is dependent on the atomizer air flow and the ink viscosity. The viscosity of the ink can be tuned 
by regulating the temperature of the water bath. Once the aerosol is formed, it is then transported 
to the deposition head via a delivery tube. At the deposition head, the aerosol flow is then 
aerodynamically focused by sheath flow. The sheath flow also helps eliminate clogging issue by 
acting as a barrier for the aerosol ink from sticking to the inner wall of the nozzle as shown in 
figure 1c. Once focused aerosol flow comes out of the nozzle, the flow can remain focused up to 
approximately 5 mm, which is the standoff distance of the nozzle from the substrate. In order to 
pattern the ink, the deposition head and the build platform are controlled by motion controller 
forming 5-axis motion. As aerosol jet printing is a single nozzle direct write technique, patterning 
of the ink is done by printing line after line. The toolpath of a pattern can be generated by using 
VMTools® plugin for AutoCAD®. 
 
Characterization 
Scanning electron microscope (SEM), JOEL JSM-5600LV model, was employed to determine the 
surface morphology of the printed films. Aerosol Jet (Optomec 5X) 3D Printing system is utilized 
to print the line pattern. AutoCAD® software is used to create the line pattern and the toolpath is 
generated by VMTools®. The printed line is then measured using Olympus SZX7 optical 
microscope. All physical measurements are performed at least five times to achieve statistically 
significant results.  
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CONCLUSIONS 
 

Aerosol jet printing, an additive manufacturing technique, is explored to print flexible and 
stretchable electronic device such as a stretchable circuit and a strain sensor. The fine resolution 
and conformal printing of aerosol jet printer allows new feasibility of designing and producing 
high performance devices. Parameters like sheath flow, mist flow and print speed are optimized to 
obtain a good print quality of the printed line traces. A homogeneous and continuous conductive 
stretchable silver-silicone composite material line trace with line width of 80 m is printed with 
optimized parameters. Strain analysis reveals the printed stretchable circuit can function normally 
within strain of 15%. A stretchable meander line circuit with LED is fabricated and remained 
functional while being stretched. 
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