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1. Introduction 

 
There has been emerging interest in direct patterning on the 

surface of the substrate without including complex steps of the 
micro fabrication like lithography process [1]. Inkjet printing is 
expected to be a powerful technology for direct fabrication process 
for both nanotechnology research and applications such as micro 
electronics [2]. The electrostatic inkjet system has its contributions 
in reducing cost and time effected manufacturing of printed 
electronics like RFID, electronic devices and flexible display, solar 
cell, sensors etc. Operating principle of inkjet printers is propelling 
various size (mostly tiny) droplets of liquid (ink) onto the substrate. 
To be used for additive manufacturing, the liquid droplets must 
contain nano-particles.  

For commercial printed electronics (PE), the focus has been 
shifting from piezoelectric and thermal based printing towards the 
electrostatic approach, because of the mechanical movement 
constraints, the system for small nozzle size which has strongly 
affected the drop size and compatibility. Robustness of the 
electrostatic system increases in respect of reducing mechanical 
efforts. The electrostatics systems reduce the mechanical efforts 
and make system more precise even at higher frequencies and also 
make it is possible to get small and focused droplets with even 
smaller nozzle sizes [3]. Miniaturization of electronic components 
are receiving boost in applications outside of conventional printing 
and marking. Because of this, different necessary techniques and 
procedures are being used to evaluate its performance and make it 
more useful and attractive. In printing, different types of materials, 
mechanisms, arrangements and strategies are needed [4]. In this 
research, the idea is to relate the surface roughness of substrate and 
contact angle of ink making on substrate for evaluation of adhesion 
of patterns. Also interface of the pattern and substrate is studied. 
The term interface is used to explain the region at which the 
attachment between pattern and substrate takes place. Adhesion 
between two different materials is a complicated phenomenon and 
is comprised of physical, mechanical, electrostatic, diffusional, and 
chemical mechanisms [5]. To evaluate durability of printed patterns 
of electronic circuitry, interface study is very important as only this 
region can give enough information about its life and durability.  

 
2. Experimental setup 

 
In experiment first contact angle on each substrate is measured 

by using Contact Angle Analyzer (Phoenix 300).The experimental 
setup for contact angle measurement is given in figure1. First of all, 
ink is loaded in syringe and then after putting the syringe in contact 
angle analyzer a drop is generated which impacted on substrate. 
The image of contact angle made by drop on substrate is captured 
and the contact angle is measured by Image- Xp Software.  

The experimental setup for print head driven by on demand 
electrostatic forces designed, is shown in the figure2. The apparatus 
consist of X-Y stage, electrodes, a high voltage source, an 
observation system, ink supply system, and nozzle holder with Z-
axis control. Actuating and ground electrodes are the electrodes 
used for the ejection of droplets. Pin to pin setup is used for 
experiment [6]. The ground electrode is connected to the negative 
potential of the high voltage source and the other potential to 
electrode in the nozzle head for activating the ink and providing the 
necessary potential to ink in the nozzle head for drop extraction. To 
control droplet ejection, the square wave form is applied between 
the nozzle head and the ground electrode to develop extraction 

potential. The duty cycle maintained 50% at all frequencies. 
 

 
Figure1. Contact Angle Analyzer for measuring Contact Angle 

on a Substrate 
 

 
For experiment purpose, a commercially available, solvent 

based ink containing 20 % silver pigments is used. Other properties 
of the ink such as density, viscosity, surface tension and metallic 
pigments were found to be: 1070 kg/m3, 10cps, 30~32 dynes /cm 
with silver (Ag) particles respectively. The liquid pressure is 
controlled by using pressure injection pump.  

After developing the meniscus, result is analyzed to find the 
optimal values for the given nozzle. This is done by applying differ
ent voltages and different freqeuncies unitl optimal values of  
the jetting volatge point is determined. For observation purpose, 
High speed camera is used. The zooming magnification of lens is 
11X with frame rate of 600 frames per second. 

Printed Pattern has been achieved through electrostatic inkjet 
printer by using conductive ink. Setup used for achieving 
conductive patterns is given in figure 1. Different substrates are 
being used for comparison of adhesiveness and interface analysis 
e.g. PET, Photo Inkjet Paper, transparency, OHP and ITO. To 
achieve conductive lines on each substrate, values of voltages and 
stand-off are varied. Because of same nozzle of 100um diameter, 
flow rate of ink remain same for printing conductive pattern on 
each substrate, given in table 1. Due to different texture of each 
substrate, these parameters need to be changed. Parameters used for 
printing conductive pattern on each substrate are given below in 
table1. 

 
 

 
Figure 2. Experimental Set up for making Conductive printed 

Patterns 
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Substrate Voltage 

(kV) 
Stand-off (um) Flow rate 

(ul/hr) 
 

OHP 8.8 <100 150 
PET 7.5 200 150 
Transparency 8.5 100 150 
PhotoInkjet 
Paper 

3.5 100 150 

ITO 4.8 50 150 

 
 
 
 
 

Table1. Printing Parameters for each substrate are given 
.  

3. Experiment 
 
Surface roughness of each substrate and respective contact angle, 

made by ink on substrate is given in table 1.Contact angle is 
obtained by contact angle analyzer given below in table 2. 

    

 
Table2. Contact Angle on different Substrates made by 

conductive ink 
 

Patterns obtained by electrostatic inkjet printing on different 
substrates, given in figure 3. are put for adhesion test. 3M 610 
pressure sensitive tape is used for qualitative evaluation of 
conductive ink adhesion on different substrates. ASTM D3359-B 
method is used and the results obtained are given in table.3 for each 
substrate.  

 

 

 
 
 
 

ASTM  D3359-B 
 
 
Substrate 
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OHP - - - - + +

PET - - - - + +

Transparency - + + - - - 

Photo Inkjet Paper + - - - + - 

ITO + - - - - - 

 
 
 

 
 

 
Table3. Adhesion Test ASTM D3359-B data 

 
4. Analysis and Conclusion 

 
By comparing ASTM D 3359-B adhesion results of table 3 with 

the contact angle and surface roughness values, it is concluded that 
higher the surface roughness of substrate means higher the contact 
angle and in turn higher the value of adhesion of ink with the 
substrate. From table 2 ITO has high RMS value of surface 
roughness, so conductive ink has made high contact angle on it. In 
relation to this information from table 3 of adhesion test it is clear 
that ink has strong adhesion on ITO as compared to other substrates. 
Similarly surface roughness values of PET and OHP are almost 
same and thus ink has made almost same contact angle on it. In 
reflection ink has given the same degree of adhesion on both 
substrates i.e. PET and OHP.  From this study, life and stability of 
printed pattern on different substrates can be evaluated. Also this 
study will help to improve and to get optimized properties of ink 
and substrate combination. 
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