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Figure 13. Photo of (a) a signal conditioner and (b) a piezoelectric pressure sensor.

Connector

Figure 14. The internal components of PCB 113B24.
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4.2 Fiber Optic Hydrophone

The fiber optic hydrophone used (ONDA HFO-690) is shown in Figure 15, which is
comprised of a digital controller and a fiber optic cable. The controller houses a 690 nm laser
diode whose light is propagated in a multimode fiber optic cable that has a diameter of 150 um.
The fiber tip is submerged in water and the pressure changes are sensed by the tip, which
modifies the dielectric property of the fiber and results in the phase change of the laser light. The
process of the measurement of pressure is shown in Figure 16 where a pressure generation
device (a piezoelectric disc) is mounted at the bottom of a water tank and the fiber is submerged
in water. Once the pressure change occurs at the tip of the fiber, the controller converts the
change of pressure to a change in voltage. The output from the controller is sent to a digital
oscilloscope (Tektronix TDS3054C). The data are then recorded and processed to obtain the

actual pressure using the calibration factor.

Figure 15. ONDA HFO-690 fiber optic hydrophone (pressure sensor).
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Figure 16. Pressure measurement using fiber optic hydrophone.

Digital

4.3 Preparation and Calibration

Generally, all optic devices are sensitive to contaminants such as dust. The first step in
preparing this device is to clean the optic connection between the fiber and the controller. A 0.016
inch stripping tool can be used to strip out 45 mm of the protective jacket of the fiber. For a smaller
stripping, a 0.006 inch stripper is used to strip out approximately 25 mm of the cladding layer.
Finally, the end of the fiber has to be cut precisely with a cleaver tool as shown in Figure 17. Now
that the fiber is prepared, the device has to be calibrated. To understand the calibration, the

principle of the optic fiber hydrophone will be explained next.
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Figure 17. The preparation of using fiber optic hydrophone.

For a light that runs across a different medium, the Fresnel’s formula for the reflection

coefficient is:

(nc —ny (T: p))z (6)
(ne + nu (T,p))"

R(T,p) =

where n. is the refractive index of silica glass of the fiber’s core material which is 1.45552 at 690
nm and n,, is the refractive index of water which is about 1.33. Water, in this case, experiences a
change of dielectric property, i.e., the refractive index, due to the change of pressure and
temperature. The hydrophone is equipped with a photodetector that produces a voltage that is

proportional to the reflected power or reflection coefficient:
AV = K, ;AR @)

where Kyt is a constant that is dependent on the power of the laser, the sensitivity of the
photodetector, and the efficiency of light transmission to the fiber. The K constant is obtained by
performing a series of calibrations that the manufacturer refers to as a DC offset calibration and a

sensitivity calibration. To perform the DC offset calibration, the fiber has to be submerged in a
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special medium that has a matching refractive index to the fiber, which provides a reference

voltage Vo at zero reflectance (R = 0) as the following:
V —Vo = K.sR(T,p) (8)

After the DC offset calibration is performed, the fiber has to be submerged in water to do the
sensitivity calibration. The water’s temperature has to be measured externally and entered to the
device by its touch screen. Since the water’s pressure is assumed to atmospheric (p =101 kPa), a
solution can be found for the K,.r constant. Since V, is measured and R(T, p) is known from water
properties [27] and [28], Equation (4) can be solved to obtain K. constant. The controller provides

a linear approximation factor, sss, small signal sensitivity [23], so the voltage can be converted to

meaningful pressure in MPa:

Ap(t) = sss. AV (t) )

The calibration numbers should be within the manufacturer’s specification. That is to say, the DC
offset should be in the range of 0.1 V to 0.5 V and the sss should be between 5 mV/MPa and 8

mV/MPa [29].
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CHAPTER 5

PIEZOELECTRIC TRANSDUCER DEVICES

5.1 Power Amplifier

The driver of a piezoelectric transducer needs to produce bipolar voltages that last a couple
of cycles or a prolonged time. The production of continuous acoustic pressure however is not
considered here because significant heat may generate and contaminate the biological results. The
bipolar voltage can be produced by amplifying low-voltage sinusoidal wave. A function generator
(Agilent N9310A) was used to modulate a sinusoidal signal. It was connected to a broadband
amplifier (Kalmus 706FC-CE). The output of the amplifier was connected to a resistor to match
its impedance. The amplitude of the final output was controlled by the function generator’s power
controlled. For example, when the function generator’s power is set at -4 dBm, the amplifier’s

output will be ~ 15 V.

Signal Generator Broadband Amplifier
(Agilent N9310A) (Kalmus 706FC-CE)

VAYAY AV e

Figure 18. A simple testing setup that has an off-the-shelf broadband amplifier.

Piezoelectric
Transducer
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5.2 Push-Pull Circuit

The push-pull circuit shown in Figure 19 uses two power MOSFETSs, an N-channel
MOSFET (Vishay IRFP450), and a P-channel MOSFET (IXYS IXTH16P60P). To drive these
MOSFETS, a signal generator (Agilent N9310A) and a wideband RF amplifier (Kalmus 706 FCCE)
were used. The signal was fed to the amplifier at -4 dBm, from which the amplified output was
fed to the MOSFET’s driver circuit. This RF signal was coupled through a wideband transformer
(Pulse PE-65612NL) which was connected to the gates of the MOSFETs. The output pulse
duration was controlled by the signal generator and set to 600 ms. Two 1 mF capacitors (C1 and
C2 in Figure 19) were used in the circuit and they were charged by two DC power supplies (Bertan
210-05R and Bertan 210-03R) running at the opposite polarity but with the same voltage amplitude
(100 V). The N-channel MOSFET is turned on when the driving waveform is positive, allowing
C1 to discharge to the piezoceramic transducer. The P-channel MOSFET is turned on when the
driving waveform is negative, allowing C2 to discharge to the piezoceramic transducer. The output

of this circuit is shown in Figure 20 and Figure 21.
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Figure 19. The Push-Pull circuit.
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Figure 21. The voltage and current have a period of 2.1 MHz.
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5.3 Self-Resonance Circuit

Another piezoelectric driver circuit is a self-resonance circuit. It is commonly used in
water atomizers, as shown in Figure 22. The circuit drives the transducer at the resonance
frequency of 2.1 MHz. The circuit takes the power from the standard household voltage (~120
Vrms) which is stepped down by a transformer to ~ 28 VVrms before rectification. A relay (Tyco
CNS-35-72) is connected to the primary of the transformer to control the ON time for the circuit
(up to 10 seconds of ON time). An oscillator circuit consisting of two serial inductors (L1 and L3)
in parallel with the capacitor C3 determines the oscillation frequency. When Q2 is turned on and
C3, L1, and L3 are charged, Q1 turns on. The voltage feedback of L1 to the base of Q1 through
C4, calls for more current for the fast charging of L1. The oscillation rises from the discharging
and charging between C3 and L1, switching Q1 on and off. C5 and C6 provide AC short circuit
for the transducer and the cycle is repeated by the turning on of Q1. The output voltage (at the
transducer) is similar to Figure 23. The circuit produces approximately 70 V (peak to peak voltage)
and approximately 5 A (peak to peak current). The phase difference was calculated to be about 24°
(Figure 24). The average output power is 21.20 Watts. Since the piezoelectric transducer has an

electromechanical coupling coefficient k; = 0.46, the mechanical average power is 9.76 Watts.
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Figure 22. A self-resonance circuit used in an atomizer [30].
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Figure 23. The voltage in the self-resonance circuit.
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Figure 24. The voltage and current in the self-resonance circuit.
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