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ABSTRACT 

The demand for the capacitive sensor has attracted 
substantial attention in monitoring pressure due to its distinctive 
design and passive nature with versatile sensing capability. The 
effectiveness of the capacitive sensor primarily relies on the 
variation in thickness of the dielectric layer sandwiched between 
conductive electrodes. Additive manufacturing (AM), a set of 
advanced fabrication techniques, enables the production of 
functional electronic devices in a single-step process. 
Particularly, the 3D printing approach based on photocuring is 
a tailorable process in which the resin consists of multiple 
components that deliver essential mechanical qualities with 
enhanced sensitivity towards targeted measurements. However, 
the availability of photocurable resin exhibiting essential 
flexibility and dielectric properties for the UV-curing production 
process is limited. The necessity of a highly stable and sensitive 
capacitive sensor demands a photocurable polymer resin with a 
higher dielectric constant and conductive electrodes. The 
primary purpose of this study is to design and fabricate a 
capacitive device composed of novel photocurable 
Polyvinylidene fluoride (PVDF) resin utilizing an LCD process 
exhibiting higher resolution with electrodes embedded inside the 
substrate. The embedded electrode channels in PVDF substrate 
are filled with conductive silver paste by an injection process. 
The additively manufactured sensor provides pressure 
information by means of a change in capacitance of the dielectric 
material between the electrodes. X-Ray based micro CT-Scan ex-
situ analysis is performed to visualize the capacitance based 
sensor filled with conductive electrodes. The sensor is tested to 
measure capacitance response with changes in pressure as a 
function of time that are utilized for sensitivity analysis. This 
work represents a significant achievement of AM integration in 
developing efficient and robust capacitive sensors for pressure 
monitoring or wearable electronic applications.  
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1. INTRODUCTION 

In the modern Additive manufacturing (AM) era, real-time 
monitoring of 3D printed components’ performance will be 

highly beneficial when failure or defects are detected at the right 
time. Integrating a smart sensing device to monitor physical 
phenomena, such as pressure, temperature, or mechanical strains 
[1-4], is an efficient way in preventing any possible damage. An 
innovative method for including such a sensor system is to 
embed them directly into the printed parts, which not only 
shields them against external damage but also will measure the 
phenomena in the area of interest. Especially, the rapid 
technological development in the fields of health monitoring, 
robotic e-skin, cognitive manufacturing, and wearable 
electronics demands a high-performance, embeddable, versatile 
pressure sensor exhibiting flexibility [5-7]. Pressure for health 
monitoring applications can commonly be measured using 
piezoresistive or triboelectric sensors [8,9]; however, high power 
consumption, signal drift, and lack of continuous feedback make 
them inefficient sensing options. To overcome these challenges, 
a flexible capacitive sensor will be an ideal candidate for passive 
pressure measurement due to its low power consumption, fast 
response time and simple construction. A capacitive sensor 
typically consists of two parallel plate electrodes that sandwich 
a dielectric layer. External pressure or force on the sensor causes 
a change in thickness of the dielectric layer, resulting in 
corresponding change in capacitance, as shown in Figure 1. The 
basic parallel plate equation of capacitance is as follows,   

𝐶 =  
𝜀𝑟𝜀0𝐴

𝑑
 

(1) 

where C is the capacitance (farad), measured from the sensor;  𝜀0 
is the dielectric constant value of free space (8.854  10-12 F/m); 
A is the area of capacitor electrode (m2); d is the distance between 
the electrodes (m) and 𝜀𝑟  is the relative permittivity of the 
dielectric layer.  

The recent advancements in the field of AM technology 
have made it possible to fabricate an array of sensors in a 
sophisticated manner with minimized material utilization and 
reduced mass production costs [10-12]. Among different 
fabrication techniques, the ultraviolet (UV)-based liquid crystal 
display (LCD) printing method can produce high-quality print, 
particularly can overcome fabrication challenges with custom-
made photocurable resins [13]. Despite these advancements, the 
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towards enhancing dielectric properties by adding piezoelectric 
fillers, optimizing the sensor size to embed them inside the 3D 
printed host structure, and validating their performance in 
dynamic environments.  
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