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ABSTRACT

In this poster, we report the results of the
Hydrochloric Acid (HCI) wet etching process to
fabricate a PMN-PT single crystal piezoelectric thin
membrane. A piezoelectric thin membrane can offer the
ability to passively sense vibrations without power
requirements. Furthermore the new generation oxide
material exhibits extraordinary piezoelectric properties.
The material, the single-crystal solid-solutions (1-
x)Pb(Mg1/3Nb2/3)03-xPbTiO3 (PMN-PT), has been
shown to possess piezoelectric coefficients and

electr pling resp
larger than conventional ceramics. A four-fold
enhancement in piezoelectric coefficients and much
higher efficiencies in electrical to mechanical energy
conversions have been found. Use of a PMN-PT sensor
to detect, with high sensitivity, minute amounts of
waterborne pathogenic bacteria such as E. coli O157:H7
is one promising direct application. Design of a compact
and portable PMN-PT sensor device used in produce
packaging facilities and grocery stores is a primary
focus. In this paper, we present the research results
produced from the experimental work for the PMN-PT
wet etching in HCI solution.

INTRODUCTION

PMN-PT is a piezoelectric transducer which
can be used with a biochemical sensing element
(gold) to measure the effect of surface mass change
on the resonant frequency of the sensor. Resonant
frequency changes are directly proportional to.
mass changes on the sensor, such that an increase
in the mass of the sensor results in a decrease in the
resonant frequency. The physics for this
relationship is based upon Sauerbrey’s formula
(listed in the box below).

Possible uses for PV

PT are widespread
because of its high sensitivity, high quality value,
high dielectric constant, low dielectric loss, high

electr i ffici and high

ic coefficil Pi ic single crystals

of PMN-PT have shown superior properties to
piezoelectric ceramics and piezoelectric films in
device applications. The wet etch rate of PMN-PT
with concentrated HCI at 80°C to form a thin
PMN-PT membrane (Spm) is determined.
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Table 1: Etching Rate of PMN-PT in Conc. HCI at 80°C

Time Etched | Total Thickness | Total Etch Rate
(in minutes) | Etched (in pm) (in pm/min)

Per Side Etch
Rate (in pm/min)

20 12 0.6 0.3
40 20 0.5 0.25
180 100 0.556 0.278

Equation from Sauerbrey’s Formula

fy— Resonant frequency (Hz)

Af— Frequency change (Hz)

P — Density (quartz = 2.648 g/cm?)

- Shear modulus (quartz = 2.947 x 10711 g/cm.s?)

A — Piezoelectrically active area between electrodes (m?)

Am — Mass change (g)

Figure 1: PMN-PT Surface After 3 Hours of Etching in
Conc. HCI at 80°C
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Figure 3: Cross-section of Various Layers of PMN-PT
Microbalance System with PMN-PT Chip and PDMS
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CONCLUSION

Our research represents the first study of its kind to specify the
etch rate of PMIN-PT in concentrated HCI (38% acid) at 80°C. The use
of HCI to etch PMN-PT represents an economic alternative to Deep
Reactive Ion Etching (DRIE). After repeating the etch rate experiment
with HCI multiple times, we found that pre-treating the PMN-PT
sample in HCI for 5-10 minutes makes for a suitable substrate to
ensure good adherence to SU-8 when it is applied. SU-8 is a common
photoresist used in negative photolithography.

Additionally, the use of PMN-PT for pathogen detection is a
viable option which will be further explored. Anthrax spores have been
detected in situ using a thin membrane PMN-PT layer within an
aqueous environment at a very high sensitivity and high quality value
[1]. Our group will continue to focus on creation of a PMN-PT sensor
device that can detect food and waterborne pathogenic bacteria such
as E. coli O157:H7 and Salmonella.

Another pursuable application for PMN-PT is to couple it with a
thin layer conducting polymer sensitive to gas in order to measure
specific oscillation frequencies for volatile gases like acetone, methanol,
and benzene. Composite conducting polymers swell to varying degrees
when exposed to volatile gases. Polypyrrole/Poly(methylmethacrylate)
(PPy/PMMA) composite film exposed to acetone demonstrated a
higher amount of swelling in PMMA than in PPy, thus decreasing the
conductivity of the composite film [2]. Polyaniline/Polystyrene
(PAni/PS) composite film exposed to polar alcohols (e.g. methanol)
increased the conductivity of PAni due to higher solubility and greater
swelling compared to PS [3]. A change in conductivity sensed by
electrodes connected to PMN-PT would register a specific resonant

oscillation measurable by a frequency counter.
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