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Abstract

Microfluidics technology has a lot of promise in Lab on chip, drug discovery and
combinatorial chemistry applications. However, progess in many applications is
hampered by the lack of a scalable, low cost and reliable valve technology. Pneu-
matically actuated valves have been the mainstay of microfluidic valve technology,

but are hard to scale and require a supply of compressed air.

This dissertation focuses on the design, fabrication, and testing of a piezoelectric mi-
crovalve integrated with microfluidics through a transfer process. Firstly, a compre-
hensive study on lead-free materials like P(VDF-TrFE), potassium sodium niobate
(KNN), and barium titanate (BaTiOg) is undertaken. Various methods to create
thin films, such as drop casting, spin coating, and screen printing, are explored. A
low-temperature process to fabricate the valve using screen printing has been devel-
oped using a nanocomposite paste using BaTiOgz nanopowder and ethyl cellulose.
The screen-printed film has been characterized, showing good crystallinity, excellent
piezoelectricity (dsz ~ 370 pm/V), and Young’s modulus (2.54 GPa). The rheologi-
cal analysis of the paste exhibits a pseudoplastic effect, which is essential for achiev-
ing high-quality printing with minimal force and preventing screen blockages.The
electron probe microanalyzer (EPMA) was performed for quantitative analysis of
elements present in nanocomposites paste, confirming homogeneous mixing and uni-

form spatial distribution of elements required to exhibit enhanced piezoelectricity.

Another lead-free piezoelectric nanocomposite materials consisting of P(VDF-TrFE)
and KNN have been synthesized. The thin film of the nanocomposite has been char-
acterized, showing good crystallinity and enhanced piezoelectric response (dgg ~
96 pm/V for composite-1 and dzz ~ 95pm/V for composite-2), an almost 2.5-
fold increase compared to the dsg of pristine P(VDF-TrFE) film. Nanoindentation
was performed to measure Young’s modulus and the material’s stiffness. The mea-
sured Young’s modulus was 2.17 GPa for composite-1 and 2.97 GPa for composite-
2. The measured stiffness?/load was ~ 71.9 GPa for composite-1 and 165 GPa for

composite-2.

This thesis has demonstrated two methods for transferring a thin parylene membrane

on top of the PDMS microfluidic channel by utilizing parylene-parylene bonding.
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Furthermore, a novel low-temperature process for the fabrication of microvalves

through screen printing has been developed and demonstrated successfully.

Finally, a straightforward low-temperature drop-casting method was utilized to fab-
ricate piezoelectric microvalves using composite-1. The piezoelectric stack actuator
was fabricated on a 2-inch silicon wafer using surface micromachining. The piezoelec-
tric actuator was transferred to the PDMS microchannel through a transfer process
for microvalve fabrication. The displacement of the parylene membrane in response
to a DC voltage was characterized indirectly using a DC probe station and directly
using a 3D optical profiler. The profiler characterization shows a maximum mem-
brane deflection of ~ 2.847um at an actuation voltage of 12 V. Plane actuation was
performed by introducing dye at the inlet and studying its flow behavior through
optical microscopy to outlet at 12V, 0V, and —12'V, demonstrating valving action.
The leakage pressure of the microvalve lies in the range of 32-34 kPa, suggesting
that valve operation must be performed below this pressure for safe and reliable op-
eration. The microvalve testing results are encouraging and hold significant promise

for advancing microfluidic technologies and laboratory automation.

In summary, this dissertation work provides a novel approach to the fabrication of a
piezoelectric microvalve and its integration with microfluidics using the transfer in

a facile manner.
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