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Abstract—The paper presents a boost converter design for
medical ultrasound transmitters, particularly applying to a
pulsed Doppler ultrasound system. A dual mode controller is
employed for the boost converter to maintain high efficiency
over a wide load range. The device operates from a 3.3-V supply,
capable of producing a 10V output DC voltage. Simulated
results exhibit the capability of the designed boost converter can
supply 500 mA maximum current with the peak efficiency over
92%, and achieves more than 75% efficiency with a light load of
above 10 mA.

pulse width modulation (PWM) controller cannot meet the
requirements. [3-4]. This paper proposes a simple but an
effective control for the boost converter with the capability of
providing a large current to the HV OTA while it is pulsing,
and keeping a relatively low standby current while the OTA
is off by using a combination of PWM and Pule Frequency
Modulation (PFM) [5-6] dual-mode controller.

I. INTRODUCTION
Ultrasonic imaging is one of the popular non-radiative
modalities for medical diagnosis [1-2]. CW Doppler
ultrasound, which contains Doppler-shifted frequencies, is
another important technique to measure and detect blood flow
within the human body for further analysis. Pulsed Doppler
ultrasound is similar to CW Doppler except the transmitting
signal is pulsed. This facilitates the technique to measure
range as well as blood flow. Fig. 1 shows a block diagram of
typical pulsed Doppler ultrasound system, which consists of a
transmitter, a pulse modulator, a high-voltage operational
transconductance amplifier (HV OTA), a mixer, a high-Q
filter, a low noise amplifier (LNA), and a range and spectrum
analyzer. The HV OTA, functioned as a high-voltage pulser,
produces pulsed, high voltage linearly amplitude modulated
signals to excite the ultrasound probe. Then the receiving
signal is synchronously detected by mixing a reference signal
coupled from the transmitter to the echo signals. Since HV
OTA operates primarily with a light load (<= 10 mA)
condition and only produces pulses intermittently for this type
of application. Its power supply, usually a boost converter,
therefore, provides with full load current (>= 500 mA) in a
short period of time and mostly in standby mode. For the sake
of a portable and compact ultrasound system, the power
supply has to supply currents large enough for the OTA to
excite the ultrasound probe, while energy efficient in standby
mode conditions. It is critical for optimizing the overall
efficiency of battery-powered boost converter in such an
application with a wide range load condition.
In order to design a boost converter with low standby
power but large current sourcing capability, conventional
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Fig. 1 A typical pulsed Doppler ultrasound system

II. BOOST CONVERTER DESIGN
The presented controller architecture of the boost converter
is shown in Fig. 2, which includes PWM and PFM controllers
and a mode control multiplexer. The mode control determines
the mode of operation (PFM or PWM) based on the
magnitude of output voltage. The output of comparator,
which compares the scaled output voltage and a
predetermined reference, Vref, determines the mode
switching point from PFM to PWM. The PWM control
consists of an error amplifier, a PWM comparator, and an
inductor current sensing signal. In the PFM control, the
comparator detects the ripple of inductor current and controls
the magnitude of the ripple by setting the hysteresis band
(Vref_H and Vref_L) to reduce the output voltage ripple.

Fig. 2 Controller schematic of the boost converter

TABLE I
PERFORMANCE SUMMARY

III. SIMULATION RESULTS
The load regulation waveform together with the output
voltage and the inductor current are analyzed with
simulations as shown in Fig. 3. The converter regulates the
output to a 10 V with the input voltage of 3.3 V and the
maximum current sourcing capability of 500 mA. For dualmode operation, smooth transitions between PWM and PFM
modes should be designed in accordance with load condition
changes [3]. In our design, the PFM and PWM control are
overlapped with each other, which leads to output ripple
under ± 2.5% of the output voltage at load transient
conditions ranging from 10 mA to 500 mA.
500mA
10mA

< 400mV

Iload

Process

PWM -> PFM

PFM
control
PWM
control

Fig. 3 The simulated boost converter waveforms

Figure 4 presents the simulated efficiency of the boost
converter. The converter achieves more than 75% efficiency
above 10 mA load and 92% peak efficiency as the output is
loaded with 25-ohm resistance. Over 85% efficiency is
maintained from 50 mA to 500 mA and over 75% efficiency
is maintained from 10 mA to 50 mA, representing high
efficiency over a wide output load range. Table I summarizes
a performance comparison with several previous works.
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IV. SUMMARY
Design of a high efficiency boost converter applied to
pulsed Doppler ultrasound is addressed in this paper. The
boost converter operates with a dual mode control based on
load requirements. Switch between PWM and PFM control is
relatively simple to implement. At heavy load, the converter
operates at PWM mode to regulate the output voltage. At
light load, PFM control kicks in and the switching frequency
goes down to maintain relative high system efficiency. This is
beneficial for the battery-operated system. The maximum
ripple based on the dual mode control is limited to 5% of the
output voltage.
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