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Abstract: Inkjet printing technology has developed for several years, and it has made a great
difference in people’s lives. The inkjet printing technology can be divided into two types,
which are Continuous Inkjet (CHJ)) technology and Drop-on-Demand (DOD) inkjet
technology. The Drop-on-Demand inkjet includes piezoelectric inkjet, thermal inkjet,
electrostatic inkjet, and acoustic inkjet. These technologies have their own benefits and
weaknesses. The Drop-on-Demand printer has better precision than Continuous Inkjet.
Optimizations to the printing quality can be carried out from three factors, which are the ink,
the substrate, and the coffee ring effect. The ink can be improved by controlling the
temperature. The substrate can be improved by changing its structure. The coffee ring effect
can be suppressed by using hydro-soluble polymer additives or controlling the temperature.
Future advancements in inkjet printing technology are expected to focus on optimizing these
factors through interdisciplinary approaches, including material science, fluid dynamics, and
advanced manufacturing techniques.
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1. Introduction

To be a basic technology, inkjet printing technology has arisen the attention of people. Its non-contact
printing process which ejects ink droplet directly on the material allows it to be the major image
printing method. At the end of 19 century, Lord Rayleigh first introduced the mechanical device that
breaks up the stream into small droplets. Until 1951, Elmqvist patented the break-up inkjet
mechanism from Rayleigh. After Sweet designed the printing method with continuous ink flow in the
early 1960s, IBM licensed and upgrades this technology and applied it to their computer printer,
which was known as a continuous inkjet printer [1]. At the same time, Hertz developed continuous
inkjet technology for gray-scale inkjet printing. Drop-on-demand inkjet printer was first designed by
Zoltan and Kyser and Sear, which was the piezoelectric inkjet technology. In 1979, the other method
of drop-on-demand inkjet was invented by Endo and Hara, which was called bubble jet. Based on
this method, Hewlett-Packard invented thermal inkjet printers in 1984 [2]. Because of its cheap price,
small size, and low noise, thermal inkjet printers are still popular in small business or home printers.

This essay introduced 2 definitions of inkjet printing technology, which are continuous inkjet and
drop-on-demand inkjet. For the drop-on-demand inkjet, 4 types of technology are included, which
are piezoelectric inkjet, thermal inkjet, electrostatic inkjet and acoustic inkjet. A comparation between
continuous inkjet and drop-on-demand inkjet is mentioned in this essay. Moreover, measures to
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improve the quality of printing are discussed from 3 factors, which are ink, substrate and coffee ring
effect.

2.  Definitions of inkjet technology

The inkjet technology can be divided into 2 types, the one is continuous inkjet (C1J), the other is drop-
on-demand inkjet (DOD).

2.1. Continuous inkjet printing

Figure 1 shows the process of continuous inkjet printing. The ink pumped out the ink system is broken
into small droplets by the piezo element. Then the droplets will pass through the nozzle and get
charged by the charge electrode. When the image signal is sent to the deflector, it will control the
voltage of electric field which allows the charged droplets to be deflected and printed on the material.
Droplets that have not been charged will be returned to the recycling gutter.

pump piezo element
ink —
nozzle
I : I/ charge electrode
Ik
: deflector

® — ink droplet
recycling gutter @

BB & & -

[ paper ]

Figure 1: Continuous inkjet printing

The continuous inkjet can be a binary deflect system or a multiple deflection system. The
difference between the two systems is the electrode [3]. Figure 2 displays 2 deflect systems.
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Figure 2: 2 types of continuous inkjet printing

A shows the binary deflect system, and B shows the multiple deflect system. In the binary deflect
system, the droplet only be charged and fly onto the product directly. However, in a multiple deflect
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system, the droplets would carry different levels of charges through the electrode. Compared to the
binary deflect system, it can print small image with only one nozzle. The working principle of
continuous inkjet printing makes its low precision and complicative ink system [1]. However, the
high working frequency makes it popular in industrial production.

2.2. Drop-on-demand inkjet printing

Compared to C1J, DOD printing has a wider range of use, it has been widely used in offices, factories,
and people’s houses. It contains 4 types of method, which are piezoelectric inkjet, thermal inkjet,
electrostatic inkjet, and acoustic inkjet.

2.2.1.Piezoelectric inkjet printing

Figure 3 shows the main structure of piezoelectric inkjet printer, which contains the piezoelectric
actuator and the nozzle.
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Figure 3: The piezoelectric printer

In piezoelectric inkjet printing, a pulsed voltage is applied on the piezoelectric actuator. The
piezoelectric actuator will change its shape when a voltage adds to it. This will give pressure to the
ink chamber, making the ink droplets eject from the nozzle. In this method, the inkjet can be
controlled by the electric system by adding voltage on the piezoelectric transducer.

Before printing, the nozzle will heat the ink into a proper temperature. The viscosity of the ink
could be affected by the temperature. The higher the temperature is, the lower the viscosity will be.
Thus, piezoelectric inkjet has a significant advantage in maintaining the stability of the ink [4].

Piezoelectric inkjet printing is easy to operate, cost low, and control the droplet in a more accurate
way, the inkjet can be directly controlled by applying voltage on the piezoelectric actuator. These
advantages allow piezoelectric inkjet printers to be the mainstream printer in the world

2.2.2. Thermal inkjet printing

Besides, thermal inkjet printing uses a different method which is shown in Figure 4.. It has 3 forms,
roof-shooter, side-shooter, and suspend heater [5]. The orifice of the roof-shooter is located on the
top of the heater. In the suspend heater, the heater is suspended in the ink chamber. Differ from roof-
heater, the side heater locates its orifice near the heater. Figure 4 shows the form of a side heater.
When the heater reaches the temperature which is about 300°C, the time that required it to generate a
bubble is only 2 ps. The pressure inside the chamber would increase when the bubble is getting larger,
until an ink droplet is ejected though the nozzle. The bubble would break at the same time. The
pressure inside the nozzle would decrease because a droplet is ejected. Then the ink would be filled
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into the ink chamber, which would generate another bubble and form a new droplet. These are the
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Figure 4: Thermal inkjet printing

The nozzle of thermal inkjet printer is easy to design, and convenient for use. However, requiring
for working at a high temperature, the limit for ink that thermal energy is unstable exists. Moreover,
high temperatures would lead to chemical change to the ink, which is a disadvantage that cannot be
neglected compared to the piezoelectric printing.

2.2.3. Electrostatic inkjet printing

Figure 5 illustrates 3 types of inkjet printing, which includes diagram a for thermal inkjet, diagram b
for piezoelectric inkjet, and diagram c for electrostatic inkjet.

= E
Bubble Nozzle " Nozzle Electrical

Piezoelectric v Nouzle field
I i
Ceramics. imaging Signa!

Ink
Ink Ink

Heating

Resistor |
imaging Signal Substrate Substrate

Imaging Signal
Substrate

a) b) c)

Figure 5: 3 types of inkjet printing

Differ from the previous 2 types which push the ink out the nozzle, the electrostatic inkjet uses a
charge plate behind the substrate, which creates an electric field between the nozzle and the substrate.
The ink droplets will be attracted by the electric force and be pulled to the substrate. The pulsed
voltage acting on the charge plate can control the process of ink drop [6].

Compared to piezoelectric inkjet and thermal inkjet, electrostatic inkjet has faster print speed,
better print quality, and lower ink consumption. However, the significant limitation of electrostatic
inkjet is the property of ink. To be pulled out the nozzle by the electric force, the ink of electrostatic
printer must have well electrical conductivity. This restricts the use of electrostatic printing.
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2.2.4. Acoustic inkjet printing

Figure 6 shows the process of acoustic inkjet printing. The working part of the acoustic inkjet printer
consists of the transducer and the acoustic lens. The acoustic wave is created by the transducer. When
the wave passes through the acoustic lens, it will be focused and burst acoustic energy into one point,
which produces and ejects the ink droplet to the substrate.
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Figure 6: Acoustic inkjet printing

The acoustic inkjet has its own benefit, which is non-nozzle design. This can extremely avoid the
situation of nozzle clogging, which reduces the risk of unexpected failure caused by blocking [7].

2.3. Compare CIJ printing and DOD printing

The difference between CIJ printing and DOD printing depends on the nature of the flow passing
through the nozzle. In C1J printing, the flow of droplets is continuous, the specific droplets that carry
charges can pass through the nozzle. In contrast, the flow of DOD printing is impulsive, it only ejects
the droplet when needed. Moreover, DOD inkjet produces droplets in the range of 10 to 50 pum, which
is comparable to droplets produced by CIJ [8]. These advantages make DOD inkjet have higher
precision than CIJ inkjet, allowing it to have better adaptability in different cases.

3. Measures to optimize the precision of inkjet printer

As technology developed, scientists have taken measures to optimize the precision of inkjet printing.
The inkjet printing is based on the form, eject, and the drop of every ink droplet. In every term of
printing, the droplet experiences ejecting from the nozzle, hitting the base, and spreading out on the
surface of the substrate. To optimize the precision of inkjet printer, first is improve the ink.

3.1. Optimize the chemistry component of the ink

The resolution of inkjet printing depends on the depositional area of ink droplets. When the ink
droplet drops on the substrate, it will infiltrate and diffuse on the surface of the substrate. The larger
the surface leads to the lower resolution. To reduce this area, the viscosity of the ink plays a necessary
role, which can restrict the ink from spreading. However, the viscosity of ink cannot be excessively
high, otherwise the nozzle would have the risk of being blocked.
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L Dybowska-Sarapuk et al. used graphene nanoplatelets(GNPs) which have 10 nm with average
thickness and 8 um with average diameter. They designed an experiment that contains 2 types of the
formulations which differ from the adding of commercial polymer dispersing agent [9]. Then the
experiment was done at different temperature which was from 15°C to 45°C. The result is that the
viscosity of ink that contains the dispersing agent was lower than the ink that without dispersing agent.
In both cases, higher temperatures relate to lower viscosity. Which means the viscosity of the ink can
be controlled by temperature.

3.2. Regulate the structure of the substrate

When the droplet infiltrates on the substrate, the depositional area will decrease the resolution.
Regulating the structure of the substrate can be a solution.

3.3. Suppress the coffee ring effect
3.3.1. Explanation of the coffee ring effect

When an ink droplet printed on the substrate is allowed to dry, most of the particles will assemble at
the edge of the droplet, which forms a ring-like structure. This is called coffee ring effect. The
phenomenon is caused by the capillary flow happening in the droplet during the evaporation. When
the solvent of the ink is evaporating, the edge of the droplet is pinned on the substrate, while the
solvent is flowing from the center to the edge. This makes the solute particles accumulate at the
periphery of the drop. The coffee ring effect is one of the most negative factors that affect the quality
of inkjet printing.

3.3.2.Suppressions of coffee ring effect

To improve the precision of inkjet printing. Suppressing coffee ring effect is necessary. Contact line
pinning and contact angle hysteresis is important in the formation of coffee ring effect.

Cui et al. mitigative the coffee ring effect by using hydro soluble polymer additives. The additive
moves the contact line from the viscosity and Marangoni effect. The viscosity provides resistance to
the particles, which decreases the number of particles deposited at the edge [10]. Thus mitigates the
pinning of contact line. The Marangoni effect leads to the change of the concentration of the polymer
at the edge of the droplet while evaporating. This helps with the motion of the contact line.

Commonly, Seo et al. alter the coffee ring effect by using Polyethylene glycol (PEG) to break it
and acquire almost uniform deposition of the particles with yielding multi-ring pattern on the droplet
area. They use microscopic images and video to observe and analysis the movement and the
deposition of the suspended particles in evaporating droplets [11]. They find that the coffee ring effect
is altered by PEG which provides surface tension to the droplet and induces a centripetal Marangoni
flow.

Soltman and Subramanian set an experiment to test the temperature control of coffee rings. They
tested the motion of the drop in different temperatures. They found that when the temperature was
rising, the solute in the drop shows a greater transfer to the edge [12]. They used water as the solvent
which means the temperature dependence of the surface tension does not need to be considered.

4. Conclusion

This essay introduced the following concept: The inkjet printing technology includes CI1J and DIJ. In
CUJ printing, the charged droplet is deflected to the substrate. Compared with binary deflect system,
multiple deflect system can print complex image with only one nozzle. CIJ printing has low precision
and complex ink system. However, the high working frequency allows it to be used in industrial
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production. The DOD printing contains 4 types. In piezoelectric inkjet, the piezo actuator will change
its shape when receive a voltage signal, thus press the droplet out. Piezoelectric printers are the
mainstream DOD printers. In thermal inkjet, the ink is pumped out by the bubble which generated by
the heater. Thermal inkjet printer is easy to design and operate. However, temperature is the hardest
restriction for it. Electrostatic printer uses a deflect plate under the substrate, which can attract the
droplets to the substrate. This method of inkjet has better printing quality. However, the ink must
contain electrical conductivity. The acoustic inkjet focuses the acoustic energy to eject the droplets.
It can be designed without a nozzle, which reduces the nozzle clogging. The difference between CI1J
and DI1J is the nature of the ink flow inside. DOD printing has better precision than CIJ. To optimize
the quality of inkjet printing, first is control the viscosity of ink. The viscosity can be controlled by
the temperature. Second is adjusting the structure of the substrate. Third is restrain the coffee ring
effect. The coffee ring is formed by capillary flow inside the droplet. To suppress the effect, using
hydro soluble polymer additives or controlling the temperature can be a solution.
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