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Abstract: The impact of high-voltage-high-frequency (HVHF) amplifiers on echo-signal quality is
greater with very-high-frequency (VHF, >100 MHz) ultrasound transducers than with low-frequency
(LF, <15 MHz) ultrasound transducers. Hence, the bias voltage of an HVHF amplifier must be
stabilized to ensure stable echo-signal amplitudes. We propose a bias-voltage stabilizer circuit
to maintain stable DC voltages over a wide input range, thus reducing the harmonic-distortion
components of the echo signals in VHF pulse-echo measurement systems. To confirm the feasibility
of the bias-voltage stabilizer, we measured and compared the deviations in the gain of the HVHF
amplifier with and without a bias-voltage stabilizer. Between —13 and 26 dBm, the measured gain
deviations of a HVHF amplifier with a bias-voltage stabilizer are less than that of an amplifier without
a bias-voltage stabilizer. In order to confirm the feasibility of the bias-voltage stabilizer, we compared
the pulse-echo responses of the amplifiers, which are typically used for the evaluation of transducers
or electronic components used in pulse-echo measurement systems. From the responses, we observed
that the amplitudes of the echo signals of a VHF transducer triggered by the HVHF amplifier with
a bias-voltage stabilizer were higher than those of the transducer triggered by the HVHF amplifier
alone. The second, third, and fourth harmonic-distortion components of the HVHF amplifier with the
bias-voltage stabilizer were also lower than those of the HVHF amplifier alone. Hence, the proposed
scheme is a promising method for stabilizing the bias voltage of an HVHF amplifier, and improving
the echo-signal quality of VHF transducers.

Keywords: bias-voltage stabilizer; high-voltage-high-frequency amplifier; VHF ultrasound transducers;
pulse-echo measurement systems

1. Introduction

Conventional ultrasound machines in current use in hospitals and laboratories work in the
low-frequency (LF) range, between 2 MHz and 15 MHz, and have millimeter-range resolution [1,2].
A primary component of ultrasound systems is the ultrasound transducer, which converts electrical
energy to acoustic energy or vice versa [3-5]. An amplifier is used to excite the ultrasound transducers
to generate acoustic waves for transmission to a target through a medium such as human tissue or
blood vessels [2]. The acoustic waves reflected back to the transducers are converted to electrical
signals [6,7]. The weak electrical signals are then amplified by a low-noise preamplifier and a
time-gain-compensation amplifier [8]. Very-high-frequency (VHF) ultrasound has recently been
developed for use in applications such as acoustic microscopy and micro-beam stimulation, owing to
the higher spatial resolutions of these techniques in comparison to LF ultrasound applications such
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as non-destructive testing [9-11]. As the operating frequency of a ultrasound transducer increases,
the size decreases accordingly [7]. In response to this reduction in size, the range of the maximum
output voltage and supply voltage of the high-voltage-high-frequency (HVHF) amplifier used for
triggering the transducer is also assumed to decrease [7,12]. Hence, the amplitudes of the echo
signals of a VHF ultrasound transducer are affected by the performance of the ultrasound HVHF
amplifier [6,13]. In addition, the echo-signal amplitudes of a VHF ultrasound transducer are reduced,
in comparison to the amplitudes of a corresponding LF device, because of the limited voltage range of
the HVHF amplifier and the cable loading effects [14,15]. The parasitic capacitances and inductances
of the metal-oxide-semiconductor field-effect transistor (MOSFET) devices and coaxial cables used
in the amplifier can also affect its performance in the high-frequency and high-voltage ranges [16].
Therefore, bias-voltage control is crucial in defining the HVHF amplifier performance.

HVHF amplifiers for use in ultrasound transducers are required to be linear amplifiers with
low harmonic distortions, as this characteristic affects the echo-signal quality of the ultrasound
transducers [13,17]. In particular, the coded excitation method for ultrasound harmonic imaging
requires low harmonic distortions in the amplifier [7]. Push—pull type amplifiers have been used
to reduce even-order harmonics [18,19]. This architecture requires the use of transformers at the
input and output of the amplifier to combine the differential signals. However, the transformers
can increase the ring-down of the echo signals generated by the ultrasound transducers, as the VHF
ultrasound transducers are more sensitive to cable loading and inductive effects than LF ultrasound
transducers [20]. A bi-polar digital pulser driven by a level shifter has also been used. However,
the operating frequency of HVHF amplifiers is limited by the bandwidth of the digital-analog converter
in the field programming gate array chip, and the harmonic distortion of the amplifier is affected by
the performance of the level shifter [13]. Therefore, single-ended amplifier architectures are preferable
for integration with VHF pulse-echo measurement systems.

As an unstable output voltage from the amplifier affects the performance of an ultrasound
transducer, the bias voltage of the amplifier must be stabilized [13]. In the low-frequency operation,
circuits consisting of the bias inductors, bypass capacitors, or transformers have typically been
used for bias-voltage stabilization. These circuits constitute a simple biasing method, operating
within a narrow range at low frequencies owing to the variation of inductance at different frequency
ranges [18,19,21-23]. These circuit topologies are not suitable for high-frequency operation, as the
non-linear components from the high-frequency input signal cannot be impeded from the main supply
voltage [18,23]. Voltage regulators have also been used to stabilize the bias voltage of an amplifier
to minimize signal distortions. However, with this technique, the bias voltages can be affected by
the resistance selected for the resistor-divider circuit, because of the variations in resistance induced
during HV operation [17].

In this paper, we propose a bias-voltage stabilizer using an HV MOSFET with resistor, capacitor,
and inductor, dedicated for VHF ultrasound transducers. Similar techniques such as active voltage
feedback schemes and MOSFET bias schemes have been used to bias the voltage of amplifiers [19,24,25].
These bias schemes were originally designed for low-voltage (LV) wireless communication systems,
and therefore may not be directly applicable to ultrasound transducer applications that require
HYV operations.

We expect that the bias-voltage stabilizer circuit can stabilize the wide input power range of
HVHF amplifiers. Hence, HVHF amplifiers with bias-voltage stabilizers can reduce unwanted
harmonic distortions of the echo signals in pulse-echo measurement systems to improve the echo-signal
quality [7]. The remainder of this paper is structured as follows: the design and implementation of
an HVHF amplifier with a bias-voltage stabilizer and voltage regulator are described in Section 2;
the operating mechanism of the bias-voltage regulator and a comparison of the performance of HVHF
amplifiers with and without the bias-voltage stabilizer and voltage regulator are given in Section 3,
where we also demonstrate that the bias-voltage stabilizer can reduce harmonic distortion components
in pulse-echo measurement systems; and conclusions of the paper are presented in Section 4.
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2. Materials and Methods

The design of an HVHEF amplifier for VHF ultrasound transducers is made challenging by the
fact that the operation of MOSFETs in the high-frequency and high-voltage range is poorly defined,
and parameters such as gain and bandwidth are difficult to predict using simulation models [15,23].
Therefore, we directly implemented our proposed HVHF amplifier into a multi-layer printed circuit
board with an FR-4 insulating substrate and 4-mm copper conducting layers to reduce the parasitic
capacitances between the electronic components. Figure 1a,b show the architectures of an HVHF
amplifier, without and with a bias-voltage stabilizer, respectively. Figure 1a depicts a typical structure
of a simple bias-voltage stabilizer for operating in the low-frequency range. Figure 1c,d show the
proposed architectures of an HVHF amplifier with both the bias-voltage stabilizer and a voltage
regulator, and of the bias-voltage stabilizer, respectively. The implementations of the proposed
bias-voltage stabilizer, and of the HVHF amplifier with a bias-voltage stabilizer and a voltage regulator
are shown in Figure le/f, respectively. The HVHF amplifier is a typical Class-A- amplifier [19].
A heat-sink was attached to the main HV transistor (M;) and voltage regulator (Reg) in order to
regulate the operating temperature of these devices.

We used a radio frequency (RF) choke inductor, Ly, (Coilcraft, Inc., Silver Lake Road, IL, USA) in
the HVHF amplifier (Figure 1a) to minimize the voltage drop and achieve maximum output voltage
amplification from the main transistor, M; (MRF136, MACOM, Lowell, MA, USA) [19]. Input and
output coupling capacitors, C; and C; (AVX Corp., Fountain Inn, SC, USA), were used to block the
voltages generated from the DC power supply. The bias inductor, Lz (Coilcraft, Inc., Silver Lake
Road, IL, USA), was used to block unwanted RF signals from the input. An electrolyte capacitor, Cs,
(AVX Corp.) was used to minimize the voltage drop from the power supply (Vpp). The rating of
this capacitor was selected to be higher than the power supply voltage. The supply voltage (Vpp)
generated by the DC power supply was applied to the variable resistor divider (R; and R;, Vishay
Siliconix, Silver Lake Road, IL, USA), as shown in Figure 1b. The voltage regulator in Figure 1c was
connected to the bias-voltage stabilizer (V). The DC voltage was supplied either from the output
of the resistor divider or the voltage regulator (Reg, LM2931CT, Texas Instrument, Dallas, TX, USA),
as shown in Figure 1c. The voltage regulator in Figure 1c was used to maintain a constant voltage.
However, we expected that the regulator alone cannot stabilize the bias voltage completely over
the wide input range of the HVHF amplifier. We installed a resistor (Rp;, Caddock Electronics Inc.,
Riverside, CA, USA), a diode (D1, 1N4148, Diodes Inc., Plano, TX, USA), a capacitor (Cg;, AVX Corp.),
and an HV MOSFET (Mg, 2N6660, Vishay Siliconix) in the bias-voltage stabilizer (Figure 1d) to block
unwanted bipolar RF input signals, in order to stabilize the DC bias voltage from the input (V) of
the DC power supply. As unipolar or bipolar signals are typically applied in the ultrasound systems,
we used cross-diode combinations (Dp; and Dp;) in the bias-voltage stabilizer.

To describe the bias-voltage stabilization mechanism, the signal path for unwanted input bipolar
or unipolar pulses through the stabilizer is shown in Figure 2. The leakage voltage at point Vg
is expected to be negligible when unwanted input bipolar or unipolar pulses are applied to the
HVHF amplifier at the point V. Thus, these unwanted pulses are directed to ground. In ultrasound
applications, both bipolar and unipolar input signals are applied to the amplifier. Hence, the two
diodes (Dp; and Dgy) are connected in cross-coupled architectures.
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Figure 1. Architectures of (a) the high-voltage-high-frequency (HVHF) amplifier; (b) the HVHF
amplifier with the bias-voltage stabilizer; (c) the HVHF amplifier with the bias-voltage stabilizer and a

voltage regulator; and (d) the bias-voltage stabilizer. Implementation of (e) the bias-voltage stabilizer;
and (f) an HVHF amplifier with the bias-voltage stabilizer and a voltage regulator.
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Figure 2. (a) Signal flow of unwanted input pulses through the proposed bias-voltage stabilizer;
(b) Equivalent circuit model for the bias-voltage stabilizer.

Using the equivalent circuit model of the bias stabilizer, we can calculate the values of the
components in the circuit when a specific input pulse frequency is required in the HVHF amplifier.
The impedances of the inductor (L), resistor (Rp1), and capacitor (Cp;) at the operating frequency (f¢)
are selected to be higher than the values at the frequency of the input pulses, allowing these signals to
pass through the inductor (L;), transistor (Mp;), diode (Dp; and Dgy), and capacitor (Cg;) to ground:

2
f= 1 L1 — (Cp1 + Cp1)(Cp2 + )
¢ 2\ (Cp1 + Cp1)(Rrp1 + (Cpz + R ) L1

)

where Ryr is the parasitic resistance of the HV MOSFET, and Cp; and Cp; are the parasitic
capacitances of the diodes (Dg; and Dgy).
The drain-source parasitic resistance of the HV MOSFET in the on-state can be calculated as

V. -V
Rygpy — VSN = Vran) @
8fs

where g is the forward transconductance, Vgy is the gate-source voltage, and Vrpy is the gate-source
threshold voltage.

Thus, the bias-voltage stabilizer designed is expected to block unwanted input pulses in the
frequency range defined in (1). As shown in Figure 2a, we selected an HV transistor (Mg;) with
relatively low parasitic capacitances (Cgq, Cgs, and Cys = 7 pF, 28 pF, and 18 pF, respectively) because
the DC voltage from the resistor divider turns on the transistor (Mg;), and bipolar or unipolar pulses
from the input port can subsequently pass through the diodes (Dg; and Dg;) and the capacitor (Cp;)
to ground.

3. Results and Discussion

Figure 3a—c show the resistor-divider circuit of the HVHF amplifier, the circuit connected to the
bias-voltage stabilizer, and the circuit connected to the bias-voltage stabilizer and voltage regulator,
respectively. As described in Section 2, the large inductor (L3) can attenuate unwanted input pulses
from the input port. However, these attenuated pulses can still pass through the resistor (Ry) to the
power supply, thus affecting the performance of the DC supply. Without a bias-voltage stabilizer,
the leakage current can also pass through the resistor divider connected to the DC power supply,
resulting in the amplifier operating in over-current and over-heat conditions. To estimate the effect
of the bias-voltage stabilizer, we measured and compared the magnitude of the leakage voltages
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from the input pulses in the different circuit configurations. Figure 3d,e show the experimental setup
used to measure the voltage leakage effects. The 40-dB and 50-Q2 power attenuator (BW-N40W50+,
Mini-Circuits, Brooklyn, NY, USA) was used to protect the oscilloscope (MSOX4154A, Keysight
Technology, Santa Clara, CA, USA). As shown in Figure 3f,g, the magnitudes of the leakage voltage
obtained using the bias-voltage stabilizer (—26.39 dBm), and using the bias-voltage stabilizer and
voltage regulator (—38.45 dBm) were substantially lower than the value obtained without a bias-voltage
stabilizer (—7.48 dBm) when bipolar pulses were applied from the input ports (V1, Vpp, and Vgj3).
Hence, leakage voltage from the bias-voltage stabilizer circuit apparently minimizes unwanted input
pulses. Thus, with a bias-voltage stabilizer circuit, it is possible to stabilize the DC bias generated from
the resistor divider across a wide input power for the transistor in the HVHF amplifier.

(b) (c)
Function .
generator Function
generator
HVHF amplifier HVHF amplifier
with or without Oscilloscope with or without Oscilloscope

bias-voltage Bias-voltage stabilizer

stabilizer = and voltage regulator
ol o]
Power attenuator :: Power attenuatorf———y5544
(d) (e)
— .Without bias voltage stabilizer — -Without bias voltage stabilizer
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T gy

Amplitude (dBm)
Amplitude (dB.)
A
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Figure 3. Illustration of the flow of unwanted input pulses through the bias-voltage stabilizer,
and measured radio frequency (RF) spectrum data of leakage voltage. Schematics of the (a)
resistor-divider circuit; (b) the resistor divider with a bias-voltage stabilizer; and (c) the resistor divider
with a bias-voltage stabilizer and voltage regulator; Setup for measuring the leakage voltage of (d) the
HVHF amplifier with a bias-voltage stabilizer; and (e) the HVHF amplifier with a bias-voltage stabilizer
and voltage regulator; Measured leakage voltage spectra at the output port (f) with and without a
bias-voltage stabilizer; and (g) with and without a bias-voltage stabilizer and voltage regulator.
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Figure 4a,b show the plots of the gain deviation of the HVHF amplifier with respect to the input
powers, with and without the bias-voltage stabilizer, and with and without the bias-voltage stabilizer
and voltage regulator, respectively. In these experiments, five cycles of 100-MHz pulses were applied
to the circuits. The bias-voltage stabilizer was excited with DC voltage from a power supply (E3631A,
Agilent Technologies, Santa Clara, CA, USA). The AC input of the HVHF amplifier was supplied
from a function generator (AFG3252, Tektronix Inc., Beaverton, OR, USA). The output power of the
HVHF amplifier was measured using an oscilloscope (MSOX4154A, Keysight Technology, Santa Rosa,
CA, USA). Figure 4a illustrates that the gain deviations of the HVHF amplifier, the amplifier with
the bias-voltage stabilizer, and amplifier with the bias-voltage stabilizer and voltage regulator were
measured. With the bias-voltage stabilizer, the gain deviations of the HVHF amplifier (—0.25 dB,
—0.39 dB, and —1.31 dB, respectively) were lower than those of the HVHF amplifier alone (—2.43 dB,
—2.31 dB, and —2.74 dB, respectively), at input powers of 2 dBm, 17 dBm, and 26 dBm, as can be seen
through a comparison of Figure 4a,b. At the previously stated input powers, the gain deviations of
the HVHF amplifier with a bias-voltage stabilizer and voltage regulator (—0.01 dB, —0.08 dB, and
—0.44 dB, respectively) were also lower than those of the HVHF amplifier without additional circuitry.
These results indicate that the stabilizer can reduce variations in the bias voltage of the HVHF amplifier
in the —10 dBm to 26 dBm input range. In addition, the combination of a bias-voltage stabilizer and a
voltage regulator in a HVHF amplifier can further reduce the voltage gain deviations at high power
levels (up to 26 dBm).

Figure 4c,d show the plot of the gain deviation of the HVHF amplifier with respect to frequency
with and without the bias-voltage stabilizer, and with and without the bias-voltage stabilizer and
voltage regulator, respectively. In these experiments, five cycles of input pulses with a power of 26 dBm
were applied to the circuits. Figure 4c,d illustrate that with 10 MHz input pulses, the gain deviations
of the HVHF amplifier only, the amplifier with the bias-voltage stabilizer, and the amplifier with the
bias-voltage stabilizer and voltage regulator were measured. With an input power of 26 dBm and
a frequency of 120 MHz, the gain deviations of the HVHF amplifier alone and the amplifier with
the bias-voltage stabilizer were measured to be —2.36 dB and —1.58 dB, respectively, as depicted in
Figure 4c. The gain deviation of the HVHF amplifier with the bias-voltage stabilizer and voltage
regulator was measured as —0.57 dB, with the input power defined as before, as depicted in Figure 4d.
The characteristics of the HVHF amplifier without voltage stabilization or regulation, which mirror the
plot in Figure 4c, are also included for comparative purposes. These results indicate that the proposed
stabilizer can reduce variations in the bias voltage of the HVHF amplifier in the frequency range
between 1 MHz and 120 MHz. In addition, the combination of the bias-voltage stabilizer with the
voltage regulator can further reduce voltage gain deviations at 120 MHz, compared to the sole use of
the bias-voltage stabilizer, with an HVHF amplifier.

Table 1 summarizes the measured performances of the HVHF amplifier, HVHF amplifier with
bias-voltage stabilizer, and HVHF amplifier with bias-voltage stabilizer and voltage regulator. To verify
the feasibility of deploying the bias-voltage stabilizer circuit in VHF ultrasound transducer applications,
we implemented a typical pulse-echo measurement system, as shown in Figure 5. This system is
typically used to evaluate the operation of ultrasound transducers or electronic devices developed
for ultrasound applications [26,27]. Five cycles of sinusoidal bipolar pulses, generated by a function
generator (AFG3252), were transmitted through the proposed HVHF amplifier, the amplifier with
the bias-voltage stabilizer, and the amplifier with the bias-voltage stabilizer and a voltage regulator,
to trigger a focused immersion transducer through a diode-based expander (a cross-coupled diode,
P1N4148, Diodes Incorporated, Plano, TX, USA). The ultrasound transducer detected the echo signals
from the target. The received echo signals were then transmitted through a diode-based limiter (a 50-(2
shunt resistor with a cross-coupled diode) with a preamplifier (AU-1114, MITEQ Inc., Hauppauge,
NY, USA). Waveforms of the echo signals were displayed on a 1-GHz 5-GS/s sampling oscilloscope
(MSOX4154A, Keysight Technology). Subsequently, the spectral data from the echo signals was
processed using a MATLAB program (MathWorks Inc., Natick, MA, USA) on a personal computer.
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Figure 4. (a) Plots of the measured voltage gain deviation vs. input power of the HVHF amplifier
alone, and the amplifier with a bias-voltage stabilizer; (b) Plots of the measured voltage gain deviation
vs. input power of the HVHF amplifier alone, and the amplifier with a bias-voltage stabilizer and
voltage regulator; (c) Plots of the measured gain deviation vs. frequency of the HVHF amplifier alone,
and the HVHF amplifier with a bias-voltage stabilizer; (d) Plots of the measured voltage gain deviation
vs. frequency of the HVHF amplifier alone, and the HVHF amplifier with the bias-voltage stabilizer

and voltage regulator with an input power of 26 dBm.

Table 1. Summarized performances of the (a) HVHF amplifier alone; (b) the amplifier with the

bias-voltage stabilizer; and (c) the amplifier with the bias-voltage stabilizer and a voltage regulator,
along with test conditions.

Average noise level (dBm)

Gain deviation (dBm) with a 17-dBm input at 100 MHz
Gain deviation (dBm) with a 26-dBm input at 100 MHz

(a) (b) (c)
—7.48 —26.39 —38.45
—2.31 —0.39 —0.08
—2.74 —1.31 —0.44
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Figure 5. Experimental setup of a very-high-frequency (VHF) pulse-echo measurement system using
the HVHF amplifier with and without a bias-voltage stabilizer and voltage regulator.

Figure 6 shows a comparison of the waveforms of the echo signals and the spectra generated
by the immersion transducer triggered using the HVHF amplifier alone, the amplifier with the
bias-voltage stabilizer, and the HVHF amplifier with the bias-voltage stabilizer and a regulator.
Figure 6a,c,e show that the measured amplitudes of the echo signals from the HVHF amplifier with
the bias-voltage stabilizer (0.0481 V) and the amplifier with the bias-voltage stabilizer and regulator
(0.0498 Vy,.p) are higher than that of the HVHF amplifier alone (0.0296 V,,). Figure 6b,d,f show that
the second, third, and fourth harmonic-distortion components (HD2 = —36.45 dB, HD3 = —24.95 dB,
and HD4 = —31.98 dB) of the signals generated by the HVHF amplifier with the bias-voltage
stabilizer, and the second, third, and fourth harmonic-distortion components (HD2 = —37.77 dB,
HD3 = —36.01 dB, and HD4 = —36.48 dB) of the signals generated by the amplifier with the bias-voltage
stabilizer and voltage regulator were lower than those of the signals generated by the HVHF amplifier
alone (HD2 = —31.68 dB, HD3 = —10.21 dB, and HD4 = —19.81 dB). The —6-dB bandwidths (BWs)
of the echo signals of the HVHF amplifier alone, the HVHF amplifier with the bias-voltage stabilizer,
and the HVHF amplifier with a voltage-regulator and bias-voltage stabilizer are 14.08%, 16.39%,
and 16.53%, respectively. The total harmonic distortions of the echo signals calculated for situations
when the transducer is triggered by the HVHF amplifier alone, the amplifier with the bias-voltage
stabilizer, and with the bias-voltage stabilizer and a voltage regulator, were —19.46 dB, —47.83 dB,
and —63.84 dB, respectively. These results thus demonstrate that HVHF amplifiers with a bias-voltage
stabilizer, or with a bias-voltage stabilizer and a voltage regulator, may be useful in improving the
amplitudes of echo signals and reducing the harmonic distortions of the echo signals from the VHF
ultrasound transducers used in pulse-echo measurement systems.
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Figure 6. Amplitudes of echo signals and normalized spectra from the 100-MHz transducer.
(a) Amplitude and (b) spectra of the echo signal of the HVHF amplifier alone; (¢) Amplitude and
(d) spectra of the echo signal of the amplifier with the bias-voltage stabilizer; (e) Amplitude and
(f) spectra of the echo signal of the amplifier with a voltage regulator and the bias-voltage stabilizer.

4. Conclusions

VHEF ultrasound transducers have recently been highlighted for use in various ultrasound
applications, such as acoustic microscopy and micro-beam stimulation. In the pulse-echo measurement
systems, the magnitudes of echo signals from VHF ultrasound transducers are required to be lower
than those from LF ultrasound transducers, owing to factors related to the inherent device architecture,
such as the size of the transducers, and a limited range of excitation voltages. Hence, to obtain stable
echo-signal amplitudes from VHF transducers, the performance of the HVHF amplifier is crucial.
Therefore, we proposed the use of a bias-voltage circuit to stabilize the DC bias voltages of the HVHF
amplifiers and subsequently reduce the magnitude of the harmonic-distortion components of the echo
signals in the pulse-echo measurement systems.
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Using the proposed bias-voltage stabilizer circuit, stable input bias voltages were generated
from the wider input ranges of the HVHF amplifier, thus yielding reduced harmonic distortions
in the echo signals. To confirm the feasibility of the bias-voltage stabilizer for VHF ultrasound
transducers, the quality of an echo signal from a VHF immersion ultrasound transducer was obtained
and compared using a pulse-echo measurement system. The amplitudes of the echo signals obtained
with a bias-voltage stabilizer (0.0481 V) and with the bias-voltage stabilizer and voltage regulator
(0.0498 Vy,.p) were higher than the amplitude obtained without a bias-voltage stabilizer (0.0296 Vp.p).
Using the bias-voltage stabilizer, and the bias-voltage stabilizer and a regulator, the second, third,
and fourth harmonic-distortion performances improved in comparison to using the HVHF amplifier
alone. Thus, the bias-voltage stabilizer scheme presented is a potential method for stabilizing the
performance of HVHF amplifiers used in VHF pulse-echo measurement systems, thus generating low
harmonic distortions for the echo signals.

Acknowledgments: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning
(NRF-2017R1C1B1003606), and NRF-2015R1C1A1A02037697.

Author Contributions: Hojong Choi, Jungsuk Kim, and Hayong Jung conceived the idea. Chulwoo Park
implemented the circuit on the printed circuit board. Hojong Choi and Jungsuk Kim performed the experiments.
Hojong Choi, Jungsuk Kim, and Hayong Jung analyzed the data and wrote the paper.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Hoskins, PR.; Martin, K.; Thrush, A. Diagnostic Ultrasound: Physics and Equipment; Cambridge University
Press: Cambridge, UK, 2010.

2. Shung, K.K. Diagnostic ultrasound: Past, present, and future. ]. Med. Biol. Eng. 2011, 31, 371-374. [CrossRef]

Postema, M. Fundamentals of Medical Ultrasound; Taylor and Francis: New York, NJ, USA, 2011.

4. Chang-Hong, H.; Snook, K.A ; Poi-Jie, C.; Shung, K.K. High-frequency ultrasound annular array imaging.

S

Part II: Digital beamformer design and imaging. IEEE Trans. Ultrason. Ferroelectr. Freq. Control 2006, 53,
309-316. [CrossRef]

5. Jeong, ].J.; Choi, H. An impedance measurement system for piezoelectric array element transducers.
Measurement 2017, 97, 138-144. [CrossRef]

6.  Shung, K.K. Diagnostic Ultrasound: Imaging and Blood Flow Measurements; Taylor & Francis: Boca Raton, FL,
USA, 2006.

7. Szabo, T.L. Diagnostic Ultrasound Imaging: Inside Out; Elsevier Academic Press: London, UK, 2013.

Brunner, E. How ultrasound system considerations influence front-end component choice. Analog Dialogue
2002, 36, 14.

9.  Zhu, B.;; Han, J; Shi, J.; Shung, K.K.; Wei, Q.; Huang, Y.; Kosec, M.; Zhou, Q. Lift-off pmn-pt thick film for
high frequency ultrasonic biomicroscopy. J. Am. Ceram. Soc. 2010, 93, 2929-2931. [CrossRef] [PubMed]

10. Lee, J.; Shung, K.K. Radiation forces exerted on arbitrarily located sphere by acoustic tweezer. J. Acoust. Soc.
Am. 2006, 120, 1084-1094. [CrossRef] [PubMed]

11.  Zhu, X.; Guo, J.; He, C.; Geng, H.; Yu, G.; Li, ].; Zheng, H.; Ji, X,; Yan, F. Ultrasound triggered image-guided
drug delivery to inhibit vascular reconstruction via paclitaxel-loaded microbubbles. Sci. Rep. 2016, 6, 21683.
[CrossRef] [PubMed]

12. Zhou, Q.; Lau, S.; Wu, D.; Shung, K.K. Piezoelectric films for high frequency ultrasonic transducers in
biomedical applications. Prog. Mater. Sci. 2011, 56, 139-174. [CrossRef] [PubMed]

13. Weibao, Q.; Yanyan, Y.; Fu Keung, T.; Lei, S. A multifunctional, reconfigurable pulse generator for
high-frequency ultrasound imaging. IEEE Trans. Ultrason. Ferroelectr. Freq. Control 2012, 59, 1558-1567.
[CrossRef] [PubMed]

14. Yan, X.; Ji, H,; Lam, K.H.; Chen, R; Zheng, F,; Ren, W.; Zhou, Q.; Shung, K.K. Lead-free bnt composite film
for high-frequency broadband ultrasonic transducer applications. IEEE Trans. Ultrason. Ferroelectr. Freq.
Control 2013, 60, 1533-1537. [PubMed]

15.  Vuolevi, ].; Rahkonen, T. Distortion in RF Power Amplifiers; Artech house: London, UK, 2003.


http://dx.doi.org/10.5405/jmbe.871
http://dx.doi.org/10.1109/TUFFC.2006.1593369
http://dx.doi.org/10.1016/j.measurement.2016.10.053
http://dx.doi.org/10.1111/j.1551-2916.2010.03873.x
http://www.ncbi.nlm.nih.gov/pubmed/21170158
http://dx.doi.org/10.1121/1.2216899
http://www.ncbi.nlm.nih.gov/pubmed/16938994
http://dx.doi.org/10.1038/srep21683
http://www.ncbi.nlm.nih.gov/pubmed/26899550
http://dx.doi.org/10.1016/j.pmatsci.2010.09.001
http://www.ncbi.nlm.nih.gov/pubmed/21720451
http://dx.doi.org/10.1109/TUFFC.2012.2355
http://www.ncbi.nlm.nih.gov/pubmed/22828850
http://www.ncbi.nlm.nih.gov/pubmed/25004521

Sensors 2017, 17, 2425 12 of 12

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cripps, S.C. Advanced Techniques in RF Power Amplifier Design; Artech House: Norwood, MA, USA, 2002.
Park, J.; Hu, C; Li, X.; Zhou, Q.; Shung, K.K. Wideband linear power amplifier for high-frequency ultrasonic
coded excitation imaging. IEEE Trans. Ultrason. Ferroelectr. Freq. Control 2012, 59, 825-832. [CrossRef]
[PubMed]

Razavi, B. Design of Analog CMOS Integrated Circuits, 1st ed.; McGraw-Hill Science: New York, NJ, USA, 2016.
Lee, T.H. The Design of CMOS Radio-Frequency Integrated Circuits; Cambridge University Press: Cambridge,
UK, 2006.

Poulsen, J.K. Low loss wideband protection circuit for high frequency ultrasound. In Proceedings of the
IEEE Ultrasonics Symposium, Caesars Tahoe, NV, USA, 17-20 October 1999; pp. 823-826.

El-Desouki, M.M.; Hynynen, K. Driving circuitry for focused ultrasound noninvasive surgery and drug
delivery applications. Sensors 2011, 11, 539-556. [CrossRef] [PubMed]

Svilainis, L.; Motiejunas, G. Power amplifier for ultrasonic transducer excitation. Ultragarsas 2006, 1, 30-36.
Kazimierczuk, M.K. RF Power Amplifier; John Wiley & Sons: Hoboken, NJ, USA, 2014.

De Langen, K.-J.; Huijsing, ].H. Compact low-voltage power-efficient operational amplifier cells for vlsi.
IEEE ]. Solid-State Circuits 1998, 33, 1482-1496. [CrossRef]

Pornpromlikit, S.; Jeong, J.; Presti, C.D.; Scuderi, A.; Asbeck, PM. A watt-level stacked-fet linear power
amplifier in silicon-on-insulator cmos. IEEE Trans. Microw. Theory Tech. 2010, 58, 57-64. [CrossRef]

He, Z.; Zheng, F,; Ma, Y; Kim, H.H.; Zhou, Q.; Shung, K.K. A sidelobe suppressing near-field beamforming
approach for ultrasound array imaging. J. Acoust. Soc. Am. 2015, 137, 2785-2790. [CrossRef] [PubMed]
Zhou, Q.; Lam, KH.; Zheng, H.; Qiu, W.; Shung, K K. Piezoelectric single crystal ultrasonic transducers for
biomedical applications. Prog. Mater. Sci. 2014, 66, 87-111. [CrossRef] [PubMed]

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1109/TUFFC.2012.2261
http://www.ncbi.nlm.nih.gov/pubmed/22547294
http://dx.doi.org/10.3390/s110100539
http://www.ncbi.nlm.nih.gov/pubmed/22346589
http://dx.doi.org/10.1109/4.720394
http://dx.doi.org/10.1109/TMTT.2009.2036323
http://dx.doi.org/10.1121/1.4919318
http://www.ncbi.nlm.nih.gov/pubmed/25994706
http://dx.doi.org/10.1016/j.pmatsci.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/25386032
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 

