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ABSTRACT
This paper addresses the fabrication, validation, and

characterization of a millimeter-size acoustic sensor consisting
of Polyvinylidene Fluoride (PVDF) micropillars and patterned
electrodes. The sensor takes advantage of two key design
principles: stress amplification through the area ratio between
the overall surface exposed to acoustic waves and the area of the
individual micropillars, and patterned electrodes which reduce
the capacitance of the sensor by excluding the capacitance
of the air between micropillars. In combination, these design
principles enable a sensor capable of achieving 100× the sensi-
tivity of flat PVDF film. A sensitivity analysis is presented and
sensor fabrication details are described. An experimental setup
was developed to characterize the sensor against a reference
microphone. A signal conditioning circuit including a pream-
plifier circuit and a notch filter was designed and constructed.
Sensitivity calibration tests show that a micropillar array with
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a gap ratio of 5.82 exhibits a stress constant g33 = −19.93
V/m/Pa, which is 60.39 times greater than the stress constant
of commercial PVDF film. Experimental results also show that
the sensitivity of the sensor is in close agreement with theory,
thus confirming the performance advantages of the micropillar
sensor.

Keywords: Microphone, PVDF sensor, micropillars, micro-
fabrication

NOMENCLATURE
h pillar height
d pillar diameter
g1 gap between pillars in x-direction
g2 gap between pillars in y-direction
g33 piezo stress constant
εr relative permittivity of PVDF
▽2 Laplacian operator
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φ velocity potential
c0 speed of sound
fc cut-off frequency of a circular tube
l tube length
τ time constant of a first-order system
ωn natural frequency of a second-order system

INTRODUCTION
A variety of microphone designs are used in acoustic ap-

plications requiring a maximum sound pressure level (SPL) of
110-130 dB (re 20µPa) and frequency bandwidth of 20 kHz
or greater. Microphones for aeroacoustic measurements require
even higher SPL in excess of 160 dB and frequency bandwidth
on the order of 100 kHz, in part due to tightening regulatory
constraints associated with airport noise standards. Such mea-
surements are crucial for guiding and validating the development
of accurate noise prediction tools and effective suppression tech-
niques [1,2]. Therefore, there is a need for acoustic sensors capa-
ble of exhibiting extremely high sensitivity while simultaneously
having a broader frequency range and wider dynamic range than
the existing designs.

Another realization of microphones is electronic stetho-
scopes, which are commonly used for clinical auscultation and
real-time monitoring of the human respiratory system. A sig-
nificant volume of research is devoted to the analysis of lung
sounds based on empirical information of normal and abnormal
sounds [3, 4]. Electronic stethoscope arrays for measurement of
breathing sounds are of great interest due to their non-invasive
nature, yet the utilization of these arrays for real-time monitor-
ing of lung sounds is confined to large sound fields in adults. The
existing electronic stethoscopes are too bulky, typically 25 mm
in diameter, for utilization in infants and small children.

The piezoelectric polymer Polyvinylidene Fluoride (PVDF),
first discovered by Kawai [5], has been widely used in a wide
range of military, industrial, and biomedical sensing applica-
tions [6–9]. PVDF can generate voltages 10-25 times higher than
piezoceramics for the same pressure input. Perlman et al. [10] re-
ported that the piezoelectric and pyroelectric constants of PVDF
films and copolymers can be increased by nearly 200% when
they are simultaneously subjected to stretching and poling. These
polymers are quite stable because they can resist moisture, most
chemicals, oxidants and intense ultraviolet and nuclear radia-
tion. PVDF is synthesized by addition polymerization of the
CH2=CF2 monomer, and exhibitsα, β , γ andδ phases. The
α phase is the lowest energy conformation and non-polar form.
Theγ andδ phases are not common. Theβ phase form, which
has a net dipole moment pointing from the electronegative fluo-
rine to the electropositive hydrogen, produces a net dipole mo-
ment nearly normal to the polymer chain [11]. Defect groups of
head to head and tail to tail are believed to be responsible for the
formation ofβ phase and hence for the piezoelectric properties

of PVDF [12]. Non-porous PVDF films with very highβ phase
ratios were obtained via a very high pressure applied to porous
PVDF films [13]. Sensors based on PVDF film are attractive
due to their high sensitivity and low cost. For example, a PVDF
film pressure sensor is used for in-sleep cardiorespiratory mon-
itoring [14]. Uncooled infrared (IR) sensors using PVDF thin
film are used to detect temperature changes from low levels of
incident IR radiation [15].

Cochlea-inspired transducers investigated by Grosh et
al. [16, 17] could achieve levels of miniaturization not pos-
sible with existing devices. A flexible tensioned membrane
with an exponentially tapered width is employed to obtain a
varying acoustic impedance, which can achieve cochlear-like
frequency-position mapping. A rigid-walled duct filled with sili-
cone oil is implemented to mimic the environment of the passive
mammalian cochlea. Arnold et al. [18] designed a piezoresis-
tive silicon microphone for aeroacoustic measurements that fea-
tures a small size, high dynamic range, large frequency band-
width, and low power consumption. The microphone consists of
four dielectrically-isolated, single crystal silicon piezoresistors
mounted on the top surface of a circular, tensile silicon nitride
diaphragm. Several devices were investigated to characterize lin-
earity, frequency response, drift, noise, and power. The sensors
show a linear SPL up to 160 dB and a 52 dB noise floor, and
consume 15 mW of power when operated at 3 V.

Horowitz at al. [19] developed a micromachined piezoelec-
tric microphone for aeroacoustic measurements. The micro-
phone was fabricated by combining a lead zirconate-titanate
(PZT) deposition process on a silicon-on-insulator wafer with
deep reactive ion-etching. An experimental setup in a plane-
wave tube was used to characterize the microphone. The de-
vice exhibits a sensitivity of 0.75µV/Pa, dynamic range of 47.8-
169 dB and resonance frequency of 50.8 kHz. Wang et al. [20]
built a PZT-based microacoustic sensor that employs interdigi-
tated electrodes and in-plane polarization instead of commonly
used parallel plate-electrodes and through-thickness polariza-
tion. The sensitivity is greatly improved because of the small
capacitance of the interdigitated capacitor and the large and ad-
justable electrode spacing, as well as the advantage of the rel-
atively larger piezoelectric stress constantg33. Toda et al. [21]
developed a contact vibration sensor made by bonding a piezo-
electric PVDF film to a curved frame structure and a rubber piece
with a front contact face. Pressure perpendicular to the PVDF
film surface, transmitted from the rubber face, is converted to the
internal circumferential stress that induces an electric charge due
to the piezoelectric effect. An accelerometer mounted between
the rubber face and a rigid vibration exciter plate was used to in-
vestigate the frequency response of the device, which shows the
sensitivity has a flat range from 16 Hz to 3 kHz and a resonance
peak at 6 kHz.

MEMS devices based on piezoelectric and ferroelectric
materials have been applied in energy harvesting, electro-
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mechanical sensing, microactuation, photonics, spintronics, and
data storage [22–26]. Previous reports have studied the use of
thin PVDF flat films in different MEMS applications [27–29].
Microstructured piezoelectric materials have the potential to pro-
vide improved performance and functionality to MEMS de-
vices. Arrays of microfabricated PVDF pillars could provide en-
hanced sensitivity to acoustic signals compared to thin flat PVDF
films [30].

The voltage produced by a capacitive sensor is given by the
ratio between charge and capacitance. The acoustic sensor pre-
sented in this article exploits the key advantages of PVDF as a
sensor material through two key design elements aimed at in-
creasing the charge and decreasing the effective device capaci-
tance. The first design element is a stress amplification mecha-
nism through the area ratio between the overall surface exposed
to acoustic waves and the area of the micropillars array (Fig-
ure 1(b)). Because PVDF responds to stress, the mechanical
gain increases the amount of charge for a given pressure value.
The second design element is top and bottom electrodes selec-
tively patterned to form an overlapping active area determined
by the micropillars. Excluding the capacitance of the other inac-
tive area, the design with patterned electrodes reduces the capac-
itance of the sensor and hence increases the voltage it generates.

SENSITIVITY ANALYSIS
The static sensitivity is defined as the ratio of the output volt-

age over the pressure acting on the PVDF material,

K = Vo/P. (1)

Figure 1 (a) shows the open circuit of a flat PVDF film sensor.
The open circuit voltage generated across the film thickness is

Vo = −g33 ·σ ·h, (2)

whereg33 is the piezoelectric stress constant in thex3-direction,
σ is the stress induced in the material (in this case,σ = P), and
h is the thickness of the PVDF film. Substitution of Eq. (2) into
(1) gives the sensitivity as

K1 = −g33 ·h. (3)

We have proposed two sensor designs [30] which exhibit
higher sensitivity than flat continuous film: PVDF micropillars
with patterned electrodes, as shown in Figure 1(c), and with full
electrodes, as shown in Figure 1(b) . The theoretical sensitivity
of PVDF micropillars with patterned electrodes is

Kmp =
(d+g1) · (d+g2)

πd2/4
· (−g33) ·h. (4)
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FIGURE 1. COMPARISON OF THREE DESIGNS. (A) SOLID PVDF
FILM . (B) PILLAR PVDF WITH FULL ELECTRODES (C) PILLAR

PVDF WITH PATTERNED ELECTRODES

The theoretical sensitivity of PVDF micropillars with full elec-
trodes has the form [30]

Km f =
εr(d+g1)(d+g2)

πd2/4 · (εr −1)+ (d+g1)(d+g2)
· (−g33) ·h. (5)

Therefore, compared to the flat continuous PVDF film, the
sensitivity amplification ratios of PVDF micropillars with
patterned electrodes and with full electrodes are(d + g1) ·
(d+g2)/(πd2/4) and εr(d + g1)(d + g2)/[πd2/4 · (εr − 1) +
(d + g1)(d + g2)], respectively. The respective stress con-
stants are(d + g1) · (d+g2)/(πd2/4) · g33 and εr(d + g1)(d +
g2)/[πd2/4 · (εr −1)+ (d+ g1)(d + g2)] ·g33. A comparison of
the sensitivities of the two micropillar designs relative to that of
solid PVDF film is shown in Figure 2. The micropillar sensor
with patterned electrodes theoretically has an unlimited sensitiv-
ity with increasing geometry ratiog/d (assumingg = g1 = g2).
A PVDF sensor based on micropillars and patterned electrodes
with a gap ratio of∼8 could achieve 100× the sensitivity of flat
PVDF film. For the developed PVDF micropillar sensor with
patterned electrodes, the gap ratio (g/d) of the sensor is 5.82.
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FIGURE 2. RELATIVE SENSITIVITY OF THE PROPOSEDPVDF MI -
CROPILLAR SENSOR WITH PATTERNED ELECTRODES COMPARED TO

PVDF FILM AND FULLY ELECTRODED MICROPILLARS. THE GAPS

ARE ASSUMED EQUAL(g = g1 = g2).

Therefore, the stress constant of the fabricated sensor is theo-
retically 59.19× larger than that of flat continuous PVDF film
(Figure 2).

SENSOR FABRICATION
Patterned Electrode Fabrication

Figure 3 shows the photomask used for fabrication of the the
patterned electrode. The mask contains six designs, and the one
with the biggest gap ratio (left and bottom) was chosen for the
fabricated sensor. The negative of the electrode pattern, which
consisted of 11µm diameter circles (∼64µm spacing) intercon-
nected by 2µm wide lines, was first defined on a glass slide via
photolithography using a positive photoresist (Shipley 1813). A
∼50 nm Au/Pd layer was then sputter-coated on the patterned

FIGURE 3. PHOTOMASK DESIGNED INADS.

surface, followed by acetone-assisted dissolution of the photore-
sist in a sonicator. The fabrication process and optical micro-
graphs of the electrode are depicted in Figure 4.
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FIGURE 4. PATTERNED ELECTRODE FABRICATION. (A) PHO-
TORESIST IS DEPOSITED OVER THE GLASS SLIDE. (B) PHOTORE-
SIST PATTERNING VIA PHOTOLITHOGRAPHY. (C) AU/PD LAYER IS

DEPOSITED OVER THE PATTERNED SURFACE. (D) PHOTORESIST IS

SELECTIVELY REMOVED WITH ACETONE. (E) AND (F) OPTICAL

MICROGRAPHS OF THE PATTERNED PHOTORESIST AND PATTERNED

ELECTRODE, RESPECTIVELY.

PVDF Microfabrication
PVDF micropatterning and poling was conducted via pre-

viously established techniques, described in more detail else-
where [30,31]. Standard photolithography was used to define the
footprint pattern of the sensor (11µm diameter circles spaced by
64 µm) on a silicon master. A polydimethylsiloxane (PDMS)
stamp bearing the negative replica of the pattern was created
by pouring silastic T-2 PDMS (Dow Corning) mixed with its
curing agent over the master, vacuum degassing and curing at
room temperature for 48 hours before removal. Patterned PDMS
stamps were then used for the fabrication of PVDF micropil-
lars. Briefly, a 10 wt % PVDF (Aldrich) solution in dimethy-
lacetamide (Sigma-Aldrich) and acetone was spin coated on the
PDMS stamp at 1000 rpm for 45 seconds. The stamp was then
heated up to∼150oC for 2-3 minutes to evaporate the solvent
and anneal the PVDF. The micropatterned PVDF film was opti-
cally aligned with the patterned electrode, and bonded together
via thermal pressing at∼150oC and 35 kPa for 5 minutes. Fig-
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ure 5 illustrates the fabrication process of PVDF micropillars.
Scanning electron microscopy (SEM) images of the patterned
PVDF films are shown in Figure 5 (e) and (f). Cross sectional
analysis via SEM confirmed that the patterned film had a thick-
ness of 9.5±0.18 µm (average±standard deviation). Finally,
the PVDF pillars were overlaid with adhesive copper tape (3M),
and poled by applying an electric field of∼120 MV/m.

(a)
(e)

(a)

50 µm

(b)

(c)

(f)

5 µm

Copper tape

Patterned PVDF film

(d)

Glass slide with patterned electrode

FIGURE 5. PVDF PATTERNING AND SENSOR ASSEMBLY. (A) PAT-
TERNED PDMS MOLD . (B) PVDF SOLUTION IS SPIN COATED OVER

THE PDMS. (C) PATTERNED PVDF FILM IS ALIGNED AND TRANS-
FERRED ONTO THE PATTERNED ELECTRODE. (D) COPPER TAPE IS

OVERLAID ON TOP OF THE PILLARS. (E) AND (F) SHOW LOWER AND

HIGHER MAGNIFICATION SEM MICROGRAPHS OF THEPVDF PIL-
LARS, RESPECTIVELY.

EXPERIMENTAL VALIDATION AND CHARACTERIZA-
TION
Experimental Setup

The experimental setup shown in Figure 6 was developed
and used to conduct various acoustic tests including sensitivity
calibration and validation, sensitivity frequency response, and
sensor linearity. To calibrate the dynamic response of the sen-
sor, a speaker driven by a sinusoidal wave or band-limited white
signal was attached to one end of a circular plane wave tube
(PWT). A commercially available microphone, PCB 130C10,
was used to benchmark the sensor. The micropillars-based mi-
crophone was placed at the opposite end of the PWT next to the
commercial microphone. The PWT only propagates the funda-
mental mode (0,0) plane wave and ensures that the higher order

modes are evanescent for various acoustic tests. The output from
the micropillar sensor was processed by a custom-made signal
conditioning circuit and fed into a data acquisition system (Data-
Physics ACE Quattro with SignalCalc softare); the outputs from
the commercial microphone were fed directly into the data ac-
quisition system (working in ICP mode).

A lifi SpeakerAmplifier Speaker

SignalCalc

+Quattro PWT

Signal

conditioning

Micro-pillar

circuit

PCB

130C10

Micro pillar

sensor

130C10

FIGURE 6. SCHEMATIC OF THE EXPERIMENTAL SETUP.

Signal Conditioning Circuit
Figure 7 shows the signal conditioning circuit that was con-

nected to the PVDF sensor. It consists of a buffer circuit with
two operational amplifiers in series, two high-pass RC filters and
a 60 Hz noise notch filter. The preamplifier circuit is very im-
portant for the signal conditioning of the micropillar sensor. A
PVDF microphone behaves as a capacitor, hence it generates out-
put voltages with a high impedance level. The source impedance
combined with the load resistance provided by the amplifier gen-
erates a voltage divider. As the ratio of the load resistance to the
source impedance decreases, the output voltage also decreases,
which is known as the loading effect. This issue can be ad-
dressed by a buffer circuit using an operational amplifier such
as the Analog Devices AD712. This amplifier has very high in-
put resistance (300 GΩ), small capacitance (5.5 PF), and small
output resistance (around 10Ω). The buffer circuit converts the
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high output impedance of the microphone into a low impedance
signal which eliminates the loading effect and thus minimizes the
signal loss. A first-order high-pass filter after the output of each
operational amplifier is also utilized to decouple DC voltage and
low frequency components generated by thermal effects, which
is useful to avoid the potential for signal drift and saturation of
the amplifier. Therefore, the first amplifier gain (RF1/R1) should
be relatively smaller compared to that of the second amplifier
(RF2/R2). A total gain of 1000 is used for the acoustic tests.
A notch filter can eliminate the 60 Hz noise without seriously
degrading the rest of the signal. A notch filter with a notch fre-
quency of 60 Hz andQ = 10 was realized with the UAF42 chip
and six external resistors. A reduction of approximately 55 dB
was measured at 60 Hz.

For many PVDF film based applications, the capacitance of
the PVDF film (typically around a few nanofarads) is much larger
than the input capacitance of the amplifiers (typically about a
few picofarads), which is therefore negligible. However, in terms
of the acoustic sensor based on micropillars and patterned elec-
trodes, its capacitance (CPVDF, 9.5 pF) has the same order of
magnitude compared to the input capacitance of the operational
amplifier (CA, 5.5 pF) and thus it must be taken into account
in the sensitivity calibrations of the sensor. Similarly, the same
treatment will be taken for the capacitance (CR, 3.4 pF) of the
parallel resistance,RM. An additional parallel capacitance,CD,
is critical to the stability of the signal conditioning circuit. If
this capacitance is too small, the output of the signal condition-
ing circuit will be bounded by the dual power supply (±10 V). A
capacitor with capacitance of 104.4 pF was utilized.

Sensitivity Calibration and Validation
The PVDF micropillar sensor and signal conditioning cir-

cuit can be modeled as a system comprising a second-order me-

chanical system, a first-order electrical system, two operational
amplifiers in series, two high-pass RC filters, and a 60 Hz noise
notch filter. The overall system sensitivity transfer function is

Kmic =
Vout(s)
P(s)

=
Vout(s)
Eo(s)

Eo(s)
P(s)

. (6)

The system transfer function betweenVout(s) andEo(s) is

Vout(s)
Eo(s)

=
RF1

R1

RH1CH1s
RH1CH1s+1

RF2

R2

RH2CH2s
RH2CH2s+1

Hnth(s), (7)

in which Hnth(s) is the transfer function of the notch filter.
The system transfer function betweenEo(s) and P(s) has the
form [30]

Eo(s)
P(s)

=
G1τs
τs+1

[

G2S/

(

1
ω2

n
s2 +

2ξ
ωn

s+1

)]

, (8)

in which τ is the time constant of the first-order system,ωn is
the natural frequency of the second order system,ξ is damping
ratio,S is the footprint of the sensor, andG1 andG2 are the gains
of the first-order system and second-order system, respectively.
Here,G1 = Kq/Ct , whereKq is constant (C/m) andCt =CPVDF +
CD +CR+CA is the total capacitance.G2 = 1/k, wherek is the
equivalent stiffness of the mechanical system. Therefore,

Eo(s)
P(s)

=
Kq

Ct

τs
τs+1

[

(S/k)/

(

1
ω2

n
s2 +

2ξ
ωn

s+1

)]

=

(

CPVDF KqS

Ct CPVDF k

)(

τs
τs+1

)[

1/

(

1
ω2

n
s2 +

2ξ
ωn

s+1

)]

,

(9)

in which Kmpm = (KqS)/(CPVDFk) is the effective or overall
static sensitivity of the sensor, which different from the intrin-
sic sensitivity given by Eq. (4).

Because the cut-off frequency of the first-order system and
high-pass filters is chosen at 20 Hz and the natural frequency of
the sensor is much greater than 100 kHz, at 1 kHz the magni-
tudes of(RH1CH1s)/(RH1CH1s+1), (RH2CH2s)/(RH2CH2s+1),

Hnth(s), (τs)/(τs+1), and
(

(1/ω2
n)s2 +(2ξ/ωn)s+1

)−1
are

nearly 1. Further,(RF1RF2)/(R1R2) is adjusted to be 1000. Sub-
stitution of these values andKmpminto Eqs. (7), (9), and (6) gives

Kmic = 1000
CPVDF

Ct
Kmpm, (10)
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with the overall sensitivity of the sensor as

Kmpm = Kmic
Ct

CPVDF

1
1000

= Kmic
CPVDF +CD +CR+CA

CPVDF

1
1000

.

(11)

It is noted that for most PVDF film based applications the ca-
pacitance of PVDF film is typically much greater than the other
capacitances such as the input capacitance of the amplifier. In ad-
dition, with film there is no need to employ a parallel capacitance
to maintain the stability of the signal conditioning circuit. Under
this circumstance, the total capacitance is almost equal to the ca-
pacitance of the PVDF film and thus the sensitivity of the sensor
itself can be simply obtained by only considering the total gain of
the signal conditioning circuit. Due to the small capacitance of
PVDF micropillars with patterned electrodes comparable to the
other capacitances, the measured sensitivity of the sensor should
be calculated by Eq. (11) including the capacitance ratio.
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FIGURE 8. COMPARISON OF VOLTAGE SPECTRA OF THE TWO MI-
CROPHONES AT1 KHZ AND SPL = 124DB. (A) VOLTAGE SPECTRUM

OF THE MICROPILLAR MICROPHONE. (B) VOLTAGE SPECTRUM OF

THE REFERENCE MICROPHONE.

The sensitivity calibration tests of the microphone were con-
ducted under 1 kHz sine wave at SPL of∼120 dB. A PVC
pipe with a diameter of 3” and a length of 1 meter was used
to generate 1 kHz plane waves. The linear spectrum was ob-
tained by using FFT and a Hanning window. Figure 8 shows
the spectra comparison between the two microphones for one
test. Figure 9 shows the spectrum waterfall of ten test runs on
the two microphones. Table 1 shows the recorded peak values
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FIGURE 9. SPECTRUM WATERFALL OF THE TWO MICROPHONES

AT 1 KHZ AND SPL =∼120DB. (A) SPECTRUM WATERFALL OF THE

PVDF MICROPHONE. (B) SPECTRUM WATERFALL OF THE REFER-
ENCE MICROPHONE.

at 1 kHz from the double-side spectra of ten test runs. For a si-
nusoidal wave with an amplitude of A, the double-sided linear
spectrum will show a spike with magnitude of A, but the root
mean square (RMS) value of the sinusoidal wave is A/

√
2. For

the reference microphone having a sensitivity of 19.9 mV/Pa,
the mean value of the pressure spikes of ten test runs is 26.49
Pa and thus the RMS pressure is 26.49/

√
2 = 18.73 Pa, i.e.,

119.4 dB. According to this table, the sensitivity of the mi-
cropillar microphone (Kmic) is 14.647±0.138 mV/Pa, or equiv-
alently−18.343±0.041 dB (re 1 V/Pa). The measured sensitiv-
ity of the micropillar sensor (Kmpm) is 189.3±1.8µV/Pa, calcu-
lated byKmic(9.5+104.4+3.4+5.5)/(9.5)(1/1000), or equiv-
alently,−37.228±0.041 dB (re 1 V/Pa).

Substitution ofKmpm and the thickness of PVDF micropil-
lars, 9.5µm, into Eq. (3) gives the measured piezoelectric stress
constant in thex3 direction asg33 = −19.93 V/m/Pa. The stress
constant of commercial PVDF film (Measurement Specialties,
Inc., USA) is−0.33 V/m/Pa. Therefore, the obtained stress con-
stant amplification ratio is 60.39 (19.93/0.33). The obtained am-
plification ratio of 60.39 is close to the theoretical prediction of
59.19, thus confirming the performance advantages of the mi-
cropillar sensor. The small difference might come from the mask
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TABLE 1. PEAK VALUES OBTAINED FROM THE SPECTRUM WATERFALL OF THE MICROPILLAR MICROPHONE AND THE REFERENCEPCB MI -
CROPHONE, AT 1 KHZ

n 1 2 3 4 5 6 7 8 9 10

VOUT (mV) 374.4 375.1 384.6 375.3 386.3 392.6 393.4 398.1 400.6 400.0

PPCB (Pa) 25.77 25.92 26.34 25.96 26.43 26.71 26.79 27.03 26.99 26.95

design, the fabrication errors, the measurements, and the poling
process.

CONCLUDING REMARKS

New acoustic sensors with high sensitivity and high fre-
quency bandwidth are needed for addressing emerging require-
ments of many acoustic, aeroacoustic, and clinical applications.
This paper presented the design, fabrication, sensitivity analy-
sis, validation, and characterization of a millimeter-size PVDF
acoustic sensor based on a micropillar array and patterned elec-
trodes. Increased sensitivity is achieved through pressure am-
plification (created by the area ratio between the rigid surface
exposed to acoustic waves and the micropillars array) in com-
bination with reduced capacitance (created by a patterned top
electrode.)

A PVDF micropillar sensor with patterned electrodes and
gap ratio of 5.82 was developed and sensitivity calibration tests
were performed on this sensor. The patterned positive photore-
sist and electrodes were obtained after depositing Au/Pd and se-
lectively removing the photoresist in acetone. Cross sectional
analysis confirmed that the patterned micropillars had a height
of 9.5±0.18µm. The target dimensions on both the electrodes
and pillars were achieved as designed. An experimental setup
was developed to characterize the microphone against a refer-
ence PCB microphone. A signal conditioning circuit including
the preamplifier circuit and the notch filter were developed. The
sensitivity calibration test show that the micropillar sensor has
a sensitivity of 189.3µV/Pa, which is 60.39× greater than that
of the commercial PVDF film with the same footprint and thick-
ness. The measured stress constant of the sensor isg33 =−19.93
V/m/Pa, compared tog33 =-0.33 V/m/Pa for commercial PVDF
film. The measured stress constant amplification ratio is in good
agreement with the predicted amplification ratio of 59.19.
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