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Abstract—This paper provides a brief review of 
limiter devices for ultrasound systems. The limiter 
devices are very important to affect the 
performances of the ultrasound transducers, 
transmitters, and receivers which are one of the 
most critical components of the ultrasound 
systems. Each different limiter device has its own 
characteristics such as insertion loss, bandwidth, 
electrical impedances, total harmonic distortion, 
and input-referred noise. Therefore, this review 
paper could provide how to design proper limiter 
devices for various ultrasound systems. 
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I.  INTRODUCTION  

The most widely used medical imaging are X-ray, 
computed tomography (CT), positron emission 
tomography (PET), optical, single photon emission 
computer tomography (SPECT), magnetic resonance 
imaging (MRI), and ultrasound [1-10]. The X-ray, CT, 
SPECT, and PET are invasive imaging methods [9]. 
The optical, MRI, and ultrasound are non-invasive 
imaging methods [11-16]. Compared to MRI, 
ultrasound is relatively cheap imaging methods such 
that it can be used as portable and mobile instruments 
[17]. The penetration depth of the ultrasound imaging 
is much larger than that of the optical imaging [14, 18-
22].  

Among the medical imaging systems, ultrasound 
systems have offered the certain characteristics such 
as non-invasive, cost-effective, and non-ionized 
parameters [23-27]. The ultrasound systems have 
been used for a variety of applications such as non-
destructive testing, sound navigation ranging, parking 
sensors, ultrasonic cleaning, surgical, energy 
harvesting technologies, body stimulator, treatment, 
intravascular imaging, small animal imaging, 
photoacoustic imaging, and touch sensors of mobile 
phones [28-39]. Especially, medical ultrasound 
systems have been used a variety of applications such 
as treatment sources, cell sorting, ultrasound imaging, 
acoustic tweezer, acoustic radiation force imaging, and 
photoacoustic imaging [40]. Recently, the 
photoacoustic imaging systems have been widely 
studied such that they have moved to the clinical 
machines [41, 42]. Higher frequency (> 15 MHz) 

ultrasound imaging could provide higher axial and 
lateral image resolutions than lower frequency (< 15 
MHz) ultrasound imaging. However, the penetration 
depth of the ultrasound signals depends on the 
frequency of the ultrasound transducers. Therefore, 
higher frequency ultrasound imaging has lower 
penetration depth than lower frequency ultrasound 
imaging. 

Compared to photoacoustic imaging systems, the 
ultrasound systems are composed of the transmitters, 
receivers, protection devices, and ultrasound 
transducers [43-47]. Each component can affect the 
performances of the ultrasound systems [48-51]. 
Therefore, proper design of the components is very 
important to obtain proper performances for different 
characteristics such as sensitivities, resolutions, and 
depth of focus [52-55]. Due to trade-off between each 
performance, each component needs to be used for 
different purposes [25, 56-58]. Section II describes the 
overview of ultrasound systems and architectures of 
protection devices. Section III is the conclusion of the 
paper.  

II. MATERIALS AND METHODS 

A. Overview of Ultrasound Systems 

The typical ultrasound systems including the 
ultrasound array transducers are briefly described in 
Fig. 1 [25, 59-61]. The arrows describe the flow of the 
electrical signals in the ultrasound systems. Computer 
controls the beamformer [62]. The transmitting and 
receiving beamformer controls other components 
except the ultrasound array transducers [63]. For 
photoacoustic systems, the transmitter parts are 
replaced by the light sources such as laser or light 
emitting diodes. 

 
Fig. 1. Ultrasound System Block. 

The computer sends the commands to the 
transmitting beamformer controller and then, 

 

Ultrasound array 

transducer 

Protection 

devices

Preamplifier

Pulse 

generator
Transmitting 

beamformer

Receiving 

beamformer

Transmitting and receiving 

beamformer control

Variable gain 

amplifier 
Analog-to-digital 

converter

Computer

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 9 Issue 2, February - 2022  

www.jmest.org 

JMESTN42353990 15086 

transmitting beamformer sends the electronic pulse 
signals [64]. The pulse signals are amplified by the 
power amplifiers or pulse generators through the 
protection devices [65, 66]. The received echo signals 
from the ultrasound array transducers pass through 
the protection devices [67, 68]. The preamplifier, 
variable gain amplifier, and time-gain compensation 
amplifier amplifies the echo signals [69]. The analog to 
digital converter convert the analog echo signals into 
the digital echo signals [70, 71]. Through receiving 
beamformer, these signals are processed to display 
the image in the computer [72, 73]. As shown in Fig. 1, 
the protection devices are located between the power 
amplifiers, pulse generators, preamplifiers and 
ultrasound array transducers. Thus, we can conclude 
the limiter devices can affect the whole performances 
of the ultrasound systems.  

B. Fundamental Theory of Limiter Device  

The protection device are composed of expander 
and limiter circuits [61]. The expander circuits are used 
to reduce the small ring down of the output signals of 
the pulse generator or power amplifiers because the 
ring down signals generated from the transmitters 
could generate the ring down of the electrical signals 
generated by ultrasound transducers [74]. The ring 
down of the signals reduces the axial resolution of the 
ultrasound systems. The limiter circuits are used to 
minimize the signal loss of the electrical signals 
generated by ultrasound transducers while they are 
also used to block the high voltage pulse signals 
generated from the pulse generators or power 
amplifiers when the ultrasound systems have one-side 
mode which shares the same paths between the 
transmission and reception [75]. The limiter devices 
have passive and active types. The passive limiter 
devices does not have external control powers to 
change the impedances of the devices. The active 
limiter devices have the external control powers. Next 
chapter will describe the design of the limiter devices.  

C. Limiter Device Architecture 

 
Fig. 2. Resistor circuit. 

Fig. 2 shows the resistor circuit. In-1 and Out-1 are 
the input and output ports of the resistor circuit. 
Therefore, high voltage pulse signals go into the limiter 
and reduce pulse signals to avoid going into the 
preamplifier. The resistor circuit is most fundamental 
limiter device so it has been widely used and very easy 
to be implemented [76]. The resistor circuit is 

composed of a series 50-Ω resistor and parallel dual-
side diode connected to ground port [77]. A 50-Ω 
resistor is used because the ultrasound transducer is 
originally designed to have 50-Ω impedance at center 
frequency [78]. The dual-side diode has different 
polarity such that positive and negative pulse signals 
could go to the ground via parallel dual-side diode [79]. 
Therefore, the preamplifier could be avoided from the 
high voltage pulse signals. 

 However, this circuit could reduce the bandwidth of 
the limiter devices such that insertion loss at high 
frequency operation could be increased [80]. Therefore, 
it is not suitable for high frequency ultrasound system. 
A 50-Ω resistor could increase input referred noise at 
high frequency operation [81-83]. As a result of that, 
the resistor circuit is not suitable for high frequency 
ultrasound systems. However, they can be useful for 
portable ultrasound systems because of limited 
hardware capacity. 

Fig. 3 shows the bridge circuit which is widely used 
in the ultrasound commercial machines. In-2 and Out-2 
are the input and output ports of the bridge circuit. The 
typical bridge circuit is composed of a bridge diode 
architecture and parallel dual-side diode connected to 
ground port with two capacitors and external control 
power units connected to beamformer controller. As 
shown in Fig. 3, the bridge diode is controlled by 
external control power. Thus, they have low 
impedances when echo signals are received but high 
impedances when pulse signals are received [84]. The 
external control powers need to be controlled by the 
transmitting/receiving beamformer controller to 
distinguish the transmission and reception periods 
[85]. Otherwise, the pulse and echo signals could be 
merged. Thus, it generates mixed pulse and echo 
signals, thus possibly breaking the ultrasound 
systems.  

 
Fig. 3. Bridge circuit. 

Additionally, external noise signals could go into 
the bridge diodes and reach into the ultrasound 
transducers or preamplifiers. Therefore, it could 
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increase the input referred noises of the ultrasound 
systems. Otherwise, the regulated power supply needs 
to be used for bridge circuit. As a result of that, this 
method could increase the size of the ultrasound 
systems. However, the external control power units are 
useful to reduce the ring down generated from the 
ultrasound transducers [86]. The external control 
power units generate the opposite signals to block the 
input signals into the preamplifier. Longer ring down 
can deteriorate the axial resolution of the ultrasound 
systems. 

 Fig. 4 shows the MOSFET circuit. As shown in the 
MOSFET circuit which is composed of several series 
n-channel MOSFET and parallel dual-side diode are 
supposed to be connected to ground port. In-3 and 
Out-3 are the input and output ports of the MOSFET 
circuit. 

 
Fig. 4. MOSFET circuit. 

 The metal-oxide-MOSFET circuit has series 
MOSFET and parallel dual-side diode connected to 
ground port. The MOSFET device itself has low 
impedances such that it provides low insertions loss 
with low input referred noise [77]. The bandwidth 
depends on the MOSFET device which has some 
burden to reduce the high volte pulse [87, 88]. 
However, the MOSFET circuit is useful for high 
frequency ultrasound systems due to low impedances 
of the MOSFET devices [77, 86, 89].  

D. Evaluation method of limiter devices 

 The passive limiter devices are resistor and 
MOSFET circuits and active limiter device is bridge 
circuit. The limiter circuits need to be used to block 
high voltage pulse signals generated from pulse 
generators or power amplifiers controlled by 
beamformer. However, each different limiter circuit has 
its own advantages and disadvantages for insertion 
loss, bandwidth, electrical impedances, total harmonic 
distortions, and input referred noise. Therefore, circuit 
or system designer need to be considered for these 
kinds of characteristics to optimize the ultrasound 
system performances. Therefore, several performance 
parameters need to be measured before integration 
with ultrasound transducers. 

 To evaluate the performances of the limiter circuits, 
several performances need to be measured. The 
insertion loss can be obtained by the output signal with 
limiter devices and the output signal without limiter 
devices. The insertion loss performances need to be 
measured with respect to the different voltage and 
frequency ranges. The bandwidth can be estimated 

from the insertion loss versus frequency. Wide 
bandwidth is desirable since the ultrasound transducer 
devices are wide band devices. The total harmonic 
distortion can be calculated by several harmonic 
distortion amplitudes and fundamental signal 
amplitudes [90]. Lower total harmonic distortions are 
highly desirable for ultrasound harmonic imaging. Input 
referred noise of the passive type limiter can be 
directly obtained by the insertion loss of the limiter. 
The input referred noise of the active type limiter need 
to be tested using spectrum analyzer or noise analyzer 
instruments. The electrical impedances of the limiter 
devices could be easily measured using impedance 
analyzer machines.  

 Finally, the pulse-echo evaluation method needs to 
be obtained since the pulse-echo evaluation system is 
a kind of basic ultrasound machine. Using the pulse-
echo evaluation method, the performance of insertion 
loss, total harmonic distortions, and bandwidths of the 
ultrasound transducers or other electronic components 
like limiter devices could be estimated. In addition, 
ultrasound biomicroscopy is another method to obtain 
the ultrasound image. Therefore, axial and later 
resolutions of the ultrasound components could be 
evaluated. 

III. CONCLUSION 

Among the medical imaging systems, ultrasound 
systems are cost-effective, non-ionized, and non-
invasive. Therefore, ultrasound systems have been 
widely used for a variety of applications such as 
photoacoustic, treatment, cell sorting, and imaging 
systems. In the ultrasound systems, the limiter devices 
are located between the ultrasound transducers, pulse 
generators, and preamplifiers. The limiter devices are 
composed of the expander and limiters. The 
performances of the limiters are crucial for entire 
ultrasound systems. Therefore, the limiter devices are 
reviewed for proper ultrasound system design.  

Each limiter device has its own characteristics such 
as insertion loss, bandwidths, total harmonic 
distortions, electrical impedances, and input referred 
noises. To obtain the performances of the ultrasound 
systems such as sensitivity, image resolution, and 
focal depth, proper limiter devices need to be 
considered with ultrasound array transducers. The 
limiter devices are resistor, bridge, and MOSFET type 
devices. Among the limiter devices, the resistor device 
is very simple circuit such that it is useful for array 
transducer for low frequency operation. The MOSFET 
device is useful for high frequency operation because 
the device has low impedance.  For low-frequency 
ultrasound array systems with high sensitivity, resistor 
device is preferable. The ultrasound systems which 
has long ring down is preferable to use bridge circuit 
because external control power units can reduce the 
ring down, thus improving the axial resolution of the 
ultrasound systems. For high frequency ultrasound 
single systems with low sensitivity, the MOSFET 
device is desirable because of low insertion loss at 
high frequency operation.  
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