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Braille characters have been devised to assist blind people in reading and writing.
The system has been adopted in almost all languages. Conventional Braille characters have
been recorded by hand using a slate and stylus, or by a Braille type writer. Moreover,
Refreshable Braille Display System (RBDS) has also been recently developed. RBDS is a
human-computer interface utilized to create refreshable raised dots in order to present
information. Demand for this device has been dramatically increasing in consumer markets
and other tangible applications, while the requirements in terms of reliabilities have been
driving forces adapting its various mechanisms. However, commercial products are
currently expensive due to their complex mechanisms and special fabrication techniques.
Among numerous Braille displays, Micro-Electro-Mechanical Systems have been utilized
to revolutionize these product categories. Nevertheless, its applications in tactile display
have been limited due to several factors. Based on repeated fabrication by micro-molding of
polymer and electroforming used in Lithographic Galvonoformung Abformung (LIGA)
technologies, RBDS with lower cost and better performance can be achieved. This thesis
concentrates on realization of tactile dots for RBDS utilizing X-ray LIGA process which is
performed at the beamline BL-6 of the Synchrotron Light Research Institute (Public
Organization), Ministry of Science and Technology, Thailand. Two specific tactile display

mechanisms were formulated regarding the design of X-ray LIGA based on the pneumatic
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RBDS. The first mechanism that the tactile display can actively raise the tangible dot up
with a thin PDMS membrane has been evaluated through the strength of suspended PDMS
membrane on the X-ray LIGA structure. The second mechanism that the single tactile dot
can perform similar to the conventional tangible dot has been considered through a
complicated X-ray LIGA structure. The tactile dot as a piston inside a cylinder has been
successfully fabricated, resulting in the robust and obvious perception under the applied
pressure. Consequently, the refreshable tactile displays improved from these mechanisms
were realized by combining them together for the first X-ray LIGA tactile display. The
tactile dot was placed on the suspended PDMS membrane to create the spring element. It
can operate as the rigid tactile display with the maximum applied pressure of 16.87 kPa
resulting in the actuated force of 76.71 gf. Furthermore, the second X-ray LIGA tactile
display was improved by adding two curved segments of metal under the tactile dot. It is
operated as the refreshable tactile display with the maximum load of 10 g required the
applied pressure of 109.48 kPa. To increase the performance of the refreshable tactile
display systems, the curled-up closure plate microvalve was combined instead of the
conventional valve. The microvalve was positioned under the tactile display with PDMS
spring element and controlled by high dc voltage. In the repeat operation as the RBDS, the
tactile dot can be move upward and downward at the actuated voltage of 150 V with
maximum distance of 120 um and 42.98 kPa applied pressure. This innovation is
demonstrated the possibility to bring out a new system that invents tactile display device as

a new interface for visually impaired people.
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