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Recently, there is an increasing expectation for a technology for directly fabricating
electronic functions to a three-dimensional object. Because space saving can be effectively
performed for devices with limited space, such as communication antennas for portable
devices. In the future, it is expected to be widely applied to automotive parts and the like.
However, since conventional microfabrication technology cannot be applied for
three-dimensional objects, a method specialized for three-dimensional objects has been
sought. A typical example is 3D-MID (3-Dimensional Molded Interconnect Device) applying
plating technology, and a method called aerosol deposition. In these conventional
techniques, precise patterning can be performed on a three-dimensional object, but it is
structurally difficult to increase productivity. This is because the processing area per unit
time is very small. Therefore, in this research, applicant focused on applying Printed
Electronics (PE) based on printing technology to the surface of three-dimensional object as a
method with large processing area per unit time.

In this paper, focusing on piezo inkjet printing as a method having a possibility of
compatibility between high productivity and followability to a three-dimensional curved
surface. Since the inkjet method does not use a plate in the printing process, it is used for
document printing based on digital data, and in recent years it has also been used for
manufacturing electronic products. In most cases, solidifiable inks such as solid dispersion
inks are used in order to develop the electronics function in the pattern formed by printing.
Particularly, in the case of fabricating interconnects, metal nanoparticle inks are often used,
and by performing drying and sintering steps after printing, interconnects having high
conductivity can be fabricated. Since piezo inkjet printing can easily realize an increase in
the number of nozzles, it has high productivity and since ink droplets fly through space, they
can also be printed in a three-dimensional shape.

Here, in order to perform inkjet printing on a three-dimensional object, a mechanism for
printing irrespective of the position and angle of the inkjet head is required. However, the
conventional ink jet apparatus has never had such a mechanism. Therefore, the applicant
first made a apparatus that can perform ink jet printing on three-dimensional objects.
Specifically, applicant developed an omnidirectional inkjet unit that can supply ink at a
constant pressure regardless of what direction it is tilted, and attach it to a vertical
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articulated robot so that inkjet printing in all directions. In addition, the applicant extracted
the following subjects and tried to solve them.

1.  Fundamental analysis of the influence of piezo inkjet structure on ink ejection
The history of piezo inkjet research has been over half a century and the oldest record is
a patent by Winston in 1962 (US 3060, 429). After that many studies have been done,
modern document printing technology and manufacturing technology are realized.
However, since there has never been anything studied in mind that electronic circuits
are fabricated on the surface of a three-dimensional object, it was necessary to establish
a fundamental analysis method of a new viewpoint. Therefore, the applicant was
focused on an equivalent circuit model which can analyze oscillation of ink caused by
piezo oscillation by an electric circuit. By modifying the conventional equivalent circuit
model in accordance with the actual measurement, the applicant found that it is
possible to perform analysis conforming to the 3 - dimensional ink jet system, and
established a basic analysis method.

II. High current printed wiring which can be fabricated over the edge shape
Interconnects fabricated by inkjet printing usually have a film thickness of 1 pm or less,
so they have high electrical resistance and are not suitable for flowing a large current.
However, in order to have a role as an automobile electrical part, it is necessary to
withstand a large current. The applicant succeeded in fabricating a printed interconnect
with a thickness exceeding 10 pm by plural printing using the high position accuracy
possessed by the new inkjet printing apparatus.

III. Proposal of new sintering method for low heat resistant material such as plastics
In PE, sintering to a substrate with low heat resistance 18 one of important issues. In
this subject, the applicant proposed a method to introduce the light from the xenon
lamp up to the focusing lens unit at the tip of the robot with fiber. As a result, printing
and sintering of the conductive ink were successfully performed in a single system.

By solving the above problems, the applicant established the foundation of inkjet printing
technology for the fabrication of additional electric circuits to the surface of 3 - dimensional
object. This paper is a basic research on all technologies that will be attempted to form
electric circuits on the surface of three-dimensional objects using inkjet printing technology
to be carried out in the future. Based on the results in this paper, research and development
of this technology will be widely conducted and the applicant hope that it will be widely
useful in the world.
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