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ABSTRACT

Microbeads with size ranging from hundreds of nanometers to tens of
micrometers are fabricated using various polymerization techniques forming
polymeric chemical bonds between the particles. They have been widely
utilized in applications including display panels, and chemical, electrical, and
bio sensors. In recent studies, research has been carried out on the use of
microbeads in sensing applications and their chemical and electrical
functionalities have been investigated for that purpose. Most of present
research about micro beads focuses on the influence, measurement, and
control of electrical and chemical properties of the microbeads in a micro—fluid
and its own. Those studies have been limited to utilize single bead simple
solutions.

The research presented in this thesis is based on the technology of the
system and process used for precise positioning and release of the spherical
microbeads at a desired location on the target substrate. The microbeads used
were produced by depositing a nano-scale gold thin film coating on a
polymeric material. We can take advantage of the precise positioning of
microbeads and individual bead discharge control process and employ this
method in bead-based device fabrication applications. To thoroughly
investigate the process of microbeads precise control and placement, 3
different types of dropping techniques were studied. One of the techniques
used electrostatic force based discharge technology while the other two were
microneedle based discharge and capillary based ejection techniques. The
system was developed in house with customized process head and controller
and it was used for continuous microbeads array printing.

The position precision and droplet uniformity results obtained from the

different processes used show that each process has its own pros and cons.



The major technological differences among them were related to the shape
and uniformity. The capillary based technique for microbeads dropping
exhibited the best and most reliable results in terms of position, precision,
and uniformity. Based on the excellent output, the capillary based method can
be applied in device based applications like electronic paper and elastic
sensing devices. The results indicate that the developed process can be viably

used in the manufacturing of functional devices.
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Fig 14. Configuration of ejecting system based on

electrostatic force[30].
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Table 6. Materials list of micro bead ejecting process
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Fig 26. Dispersion rate with variety of time in each

viscosity solution.
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Table 8. Results of micro bead ejecting process in 100 cs
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Table 11. Parameter of micro bead ejecting process
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Fig 32. Image of micro bead ejecting process by changing inner
pressure. (a), (b) Lack of pressure, (c) ejecting result in good condition.

olsh Wl wlolaz A@eel P GPAst AYHOZ o Foju HE

EZo] ofFoA = ¥d TRto] FAE ol rwtow ¥AHS WUPsAS
Fig (c)¢F #o] AFA =9 Ex ¥4 2345 dA €A
50 G I B B S B B B R R e B B L B L B ) B B B e e B
el - 1.8
B— Amount of bead in 1D
- —Hl— Supply Volt i
- 1.6
© 15- I
2,
0 1 -1.4 ¢
= [
£ F B
B 1.04 e 42 &<
) =
2 SE-)
1.5 i ==
L 10 o
E =
3 054 i
g Equation y=a+bx = 08
i Ad). R-Sguare 0,98904
Value Standard Error i
Supply Volt  Intercept  0.10585 0.04665
00 ] Supply Vot Slope 1.70238 006769 - 0.6

T T T | T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

Chamber Pressure (kPa)

Fig 33. Results of micro bead ejecting process by inner pressure.
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Table 14. Comparison with Results of each micro bead ejecting process
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Fig 35. Structure of electronics paper’s pixel using micro bead. (a) x40,

(b) x600.

Table 18. Property and requirements for manufacturing process of

e—paper display using micro bead
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