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ABSTRACT 

The spike pulser serves the purpose of generating high-energy pulses with precise 

characteristics necessary to excite ultrasonic transducers effectively. It consists of essential 

elements including an amplifier stage, timing/control circuitry, and power supply components. 

By receiving an input signal, typically in the form of pulses or square waves, the spike pulser 

triggers the production of high-energy pulses with specific timing and amplitude properties. 

In the realm of ultrasonic imaging, the spike pulser plays a vital role in exciting the transducer, 

which converts electrical energy into ultrasonic waves that propagate through the target 

medium. The resulting echoes from the medium are subsequently received and processed to 

produce detailed images of internal structures or potential defects. The pulse characteristics of 

the spike pulser, including amplitude, duration, and repetition rate, significantly impact the 

quality and resolution of the resulting ultrasound images. 

Non-destructive testing and industrial applications also heavily rely on the spike pulser to 

assess the integrity of materials. By transmitting ultrasonic waves and detecting their 

reflections, the spike pulser facilitates flaw detection, identification of cracks, and evaluation 

of material properties. Its ability to generate high-energy pulses enables the detection of subtle 

flaws and the accurate characterization of materials. 

This thesis discusses the design and simulation of a high-voltage spike pulser that can deliver 

voltage up to 650V . The pulse width of the input signal given to the spike pulser is in range 

from 20ns to 100000ns. Also discussed were power consumed, the amplitude of the spike at 

the output of spike pulser, and current at load for different pulse widths of input signal given 

to spike pulser. 
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       CHAPTER 1 

INTRODUCTION 

 

1.1 INTRODUCTION TO ULTRASOUND 

Ultrasound is a versatile and widely used imaging modality that utilizes high-frequency 

sound waves to generate real-time images of the internal structures of the human body or 

objects. It has revolutionized the field of medical diagnostics, providing valuable insights 

into anatomical structures, blood flow, and tissue characteristics. However, its 

applications extend far beyond medicine, finding utility in industrial testing, non-

destructive evaluation, and various scientific fields. This introduction aims to provide an 

overview of ultrasound, including its principles, applications, advantages, and limitations. 

Ultrasound imaging relies on the principles of sound waves and their interactions with 

tissues or materials. Sound is a mechanical wave that travels through a medium, such as 

air or water, in the form of compressions and rarefactions. The frequency of sound waves 

determines their pitch, while the amplitude corresponds to their intensity or energy. 

In ultrasound imaging, a transducer emits high-frequency sound waves into the body or 

object of interest. These sound waves propagate through the medium and interact with 

tissues or structures encountered along their path. When the sound waves encounter 

boundaries between different tissues or reflect off structures, a portion of the energy is 

reflected back to the transducer. 

The transducer then receives these reflected sound waves and converts them into 

electrical signals. These signals are processed and analyzed to construct an image that 

represents the internal structures or objects being imaged. The timing and strength of the 

reflected sound waves allow for the determination of distances and the creation of detailed 

images. 

One of the primary applications of ultrasound is in medical imaging. It provides a non-

invasive and real-time visualization of internal structures, making it an invaluable tool for 

diagnosis, monitoring, and guidance during medical procedures. Ultrasound imaging is 
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commonly used in various medical specialties, including obstetrics, cardiology, 

radiology, and gastroenterology. 

In obstetrics, ultrasound plays a crucial role in monitoring fetal development, detecting 

abnormalities, and assessing the health of both the mother and the baby. It allows 

obstetricians to visualize the fetus, measure its size, determine its position, and evaluate 

the placenta and amniotic fluid. 

Cardiologists utilize ultrasound to examine the heart's structure and function, diagnosing 

conditions such as heart valve abnormalities, heart defects, and assessing blood flow 

patterns. This imaging technique, known as echocardiography, provides detailed 

information about the heart's chambers, valves, and blood vessels, helping in the 

diagnosis and management of cardiovascular diseases. 

In radiology, ultrasound imaging is used to examine various organs and structures, such 

as the liver, kidneys, gallbladder, thyroid, and blood vessels. It aids in the detection and 

characterization of tumors, cysts, stones, and other abnormalities. Ultrasound-guided 

procedures, such as biopsies or fluid aspirations, offer precise targeting and real-time 

monitoring during interventions. 

Ultrasound imaging offers several advantages over other imaging modalities, contributing 

toits widespread use and popularity in medical diagnostics. Some of the key advantages 

include: 

● Safety: Ultrasound does not involve the use of ionizing radiation, making it a safe 

imaging modality, especially for vulnerable populations, such as pregnant women 

and children. 

● Real-time Imaging: Ultrasound provides real-time imaging, enabling dynamic 

visualization of moving structures, such as blood flow, heart valves, and fetal 

movements. This real-time feedback is particularly useful during interventions or 

surgeries. 

● Portability: Ultrasonography equipment is generally compact and portable, 

allowing for bedside examinations, emergency evaluations, and remote or point-

of-care settings. 

● Cost-effectiveness: Ultrasound imaging is relatively cost-effective compared to 

other imaging modalities, making it accessible in various healthcare settings. It 
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has lower equipment and maintenance costs, and it can often reduce the need for 

more expensive imaging techniques or exploratory surgeries. 

● Versatility: Ultrasound is versatile and can be used to image a wide range of 

anatomical structures and organs. It can also be combined with other imaging 

techniques, such as Doppler ultrasound, to evaluate blood flow or contrast agents 

to enhance visualization. 

● Non-invasive: Ultrasound imaging is non-invasive, meaning it does not require 

incisions or the injection of contrast agents in most cases. This reduces patient 

discomfort, eliminates the risk of complications, and allows for repeated 

examinations when needed. 

While ultrasound imaging offers numerous advantages, it also has some limitations that 

should be considered: 

● Limited Tissue Penetration: Ultrasound waves have limited penetration through 

certain tissues, such as bone or air-filled structures. Consequently, imaging deep-

seated structures or evaluating organs obscured by bone can be challenging. 

● Operator Dependency: The quality and accuracy of ultrasound images depend on 

the operator's skill and experience. The interpretation of ultrasound images 

requires specialized knowledge and expertise, as subtle differences in tissue 

characteristics can significantly affect diagnosis. 

● Image Interpretation Challenges: The interpretation of ultrasound images can be 

challenging, as they often rely on subjective visual analysis. Differentiating subtle 

abnormalities or complex anatomical structures may require additional imaging 

modalities or expertise. 

● Limited Field of View: The field of view in ultrasound imaging is generally 

smaller compared to other modalities, such as computed tomography (CT) or 

magnetic resonance imaging (MRI). This limitation may hinder the assessment of 

larger structures or the overall spatial context. 

Ultrasound's applications extend beyond the field of medicine. In industrial testing and 

non-destructive evaluation, ultrasound is employed to assess the integrity of materials, 

detect flaws or defects in manufactured products, and evaluate structural components. It 

is commonly used in industries such as aerospace, automotive, and manufacturing to 

ensure product quality, assess welds, and monitor equipment performance. 
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In scientific research, ultrasound is utilized in various disciplines, including physics, 

chemistry, biology, and material science. It enables the characterization of materials, the 

study of fluid dynamics, and the investigation of biological tissues and processes. 

Ultrasound has also found applications in environmental monitoring, underwater 

exploration, and veterinary medicine. 

 

 

1.2  ULTRASONIC NON-DESTRUCTIVE TECHNIQUE 

Ultrasonic non-destructive testing (NDT) is a versatile and widely used technique for 

evaluating the integrity and quality of materials without causing any damage or alteration 

to the tested object. It utilizes high-frequency sound waves, typically above the range of 

human hearing, to inspect and analyze the internal structure, dimensions, and defects 

within a material. This technique finds applications across various industries, including 

manufacturing, aerospace, automotive, construction, and more. 

When the sound waves encounter a boundary, such as the back surface of the material or 

a defect like a crack or void, part of the sound energy is reflected back to the transducer. 

By analyzing the reflected waves, ultrasonic NDT can determine the size, shape, and 

location of defects, measure material thickness, identify discontinuities, and assess the 

overall quality of the material. 

Ultrasonic NDT operates based on the principles of sound wave propagation and 

interaction with materials. A specialized transducer generates high-frequency sound 

waves, typically in the range of 1 to 10 MHz, which are directed into the test object. These 

sound waves propagate through the material until they encounter a boundary or a defect 

within the material. 

Ultrasonic NDT offers several advantages over other non-destructive testing techniques, 

contributing to its widespread adoption: 

● High Sensitivity: Ultrasonic waves can detect small defects and imperfections 

within a material, even those that are not visible to the naked eye. This high 

sensitivity allows for accurate detection and characterization of flaws, cracks, 

voids, and other types of defects. 
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● Depth Penetration: Ultrasonic waves have the ability to penetrate deep into 

materials, enabling inspection of thick sections and providing valuable 

information about the internal structure and condition. The depth of penetration 

depends on the frequency of the sound waves and the material being tested. 

● Real-Time Imaging: Ultrasonic NDT can provide real-time imaging, allowing 

inspectors to visualize the internal features and defects in the material as they 

perform the inspection. This real-time feedback enables on-the-spot decision-

making and immediate assessment of the material's quality. 

● Versatility: Ultrasonic NDT is versatile and can be applied to a wide range of 

materials, including metals, composites, plastics, ceramics, and more. It can be 

used for weld inspection, quality control, flaw detection, thickness measurement, 

and material characterization across various industries. 

● Portability: Ultrasonic NDT equipment is often portable and can be easily 

transported to different inspection sites. This portability facilitates on-site 

inspections, field testing, and in-service evaluations, reducing the need to 

transport large or heavy objects to a testing facility. 

● Cost-Effectiveness: Ultrasonic NDT is generally a cost-effective method 

compared to destructive testing or other sophisticated inspection techniques. It 

eliminates the need for sample removal, reducing material waste and minimizing 

overall testing expenses. 

● While ultrasonic NDT has numerous advantages, it also has some limitations that 

should be considered: 

● Limited Surface Accessibility: Ultrasonic NDT requires direct contact or coupling 

between the transducer and the material being inspected. This can be challenging 

for materials with rough surfaces, irregular shapes, or limited access points. 

Additional techniques, such as phased array or immersion testing, may be required 

to overcome these limitations. 

● Skill and Training Requirements: Proper training and expertise are crucial for 

performing accurate ultrasonic NDT inspections and interpreting the acquired 

data. Inspectors must have a thorough understanding of ultrasonic principles, 

equipment operation, signal analysis, and interpretation to ensure reliable and 

accurate results. 
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● Material Dependency: The effectiveness of ultrasonic NDT may vary depending 

on the material being tested. Factors such as material thickness, composition, 

density, and acoustic properties can affect the sound wave propagation and the 

detectability of defects. Adjustments in equipment settings and techniques may be 

necessary for different materials. 

Limited Resolution: The resolution of ultrasonic NDT is influenced by the frequency of the sound 

waves used. Higher-frequency waves provide better resolution but have reduced penetration 

capabilities. Conversely, lower-frequency waves offer greater penetration but lower resolution. 

The selection of the appropriate frequency depends on the specific inspection requirements and 

material characteristics. The frequency range for ultrasonic NDT typically falls within 0.5 MHz 

to 50 MHz, with the selection depending on the material thickness, type of defects, desired 

resolution, and specific application requirements. 

1.3 ULTRASOUND IMAGING  

Ultrasonic imaging, also known as ultrasound imaging, is a medical imaging technique 

that uses high-frequency sound waves to visualize internal structures of the human body 

or animals. It is a non-invasive and safe imaging modality widely used in various medical 

applications. 

The frequency range used in ultrasonic imaging typically falls between 2 to 18 megahertz 

(MHz), although it can vary depending on the specific application and the depth of the 

structures being imaged. 

Lower frequencies, such as 2 to 5 MHz, are used for imaging deep structures within the 

body, as they offer better penetration but lower resolution. This range is commonly 

employed for imaging organs like the liver, kidneys, or fetus during pregnancy. 

Higher frequencies, ranging from 7 to 18 MHz, are used for imaging superficial structures 

closer to the skin surface. These frequencies provide better resolution and are commonly 

used for imaging the breast, thyroid, or superficial soft tissues. 

The choice of frequency in ultrasonic imaging depends on the specific imaging 

requirements, such as the depth of the structures being imaged and the desired resolution. 

Lower frequencies are suitable for deeper structures but sacrifice resolution, while higher 

frequencies offer better resolution but have limited penetration. 
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CHAPTER 2 

ULTRASOUND TRANSMITTER AND 

RECEIVER 

 

2.1 HARDWARE ARCHITECTURE FOR ULTRASOUND SYSTEM 

 

 

 

Fig 1: Ultrasound system architecture[2] 

 

TRANSMITTER: 

Waveform is generated by an arbitrary waveform generator and the generated waveform 

is given input to transducer driver circuitry which amplifies the signal to high voltage as 

required. Shape of the waveform generated by the driver circuit can be arbitrary such as 

square wave, sine wave and gaussian pulse depending on which pulsar is used.  

 

RECEIVER: 

The TR switch protects the receiver circuit from the high voltage transmitter circuit. The 
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transducer reflects back the weak signal to LNA.The LNA amplifies the weak signal. 

ADC converts the analog signal received from LNA to a digital signal then further signal 

processing will be done and displayed on the screen. 

 

 

2.2 ULTRASONIC TRANSDUCER  

 

The ultrasound transducer device produces ultrasonic waves .When waves incident on 

body internal parts then waves reflect back to the transducer which sends it to the 

computer and creates a sonogram.. The three categories of ultrasonic transducers are 

piezoelectric ultrasonic transducers, capacitive micromachined ultrasonic transducers, 

and piezoelectric micromachined ultrasonic transducers (PMUTs). Piezoelectric 

transducers are affordable and easily available so it is in more use but capacitive 

micromachined ultrasonic transducers are the future. It offers many benefits in terms of 

bandwidth, fabrication of layer arrays, efficiency, and sensitivity. PMUTs have not yet 

been extensively embraced because of challenges with fabrication, problems with 

performance, and a lack of precise design/modeling tools[2]. 

 

2.2.1 PIEZOELECTRIC TRANSDUCER 

A piezoelectric transducer is an electronic device that converts electrical energy into 

mechanical vibrations (and vice versa) using the piezoelectric effect. This effect is 

observed in certain materials, such as crystals or ceramics, which possess the ability to 

generate an electric charge when subjected to mechanical stress or deform when an 

electric field is applied. 

In a piezoelectric transducer, a piezoelectric material, typically in the form of a crystal or 

ceramic element, is sandwiched between metal electrodes. When an electrical voltage is 

applied to the electrodes, the piezoelectric material undergoes deformation or vibration 

due to the inverse piezoelectric effect. 

The applied voltage causes the charges within the piezoelectric material to move, 

resulting in the material expanding or contracting. This deformation creates mechanical 

vibrations or acoustic waves in the material, which are emitted into the surrounding 

medium. 

Conversely, when mechanical vibrations or acoustic waves in the surrounding medium 
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impinge on the piezoelectric material, they cause the material to deform or vibrate. This 

deformation induces a charge separation within the material, generating an electric signal 

that can be measured or processed. 

 

Piezoelectric transducers are preferred in non-destructive testing techniques due to their 

high sensitivity, broad frequency range, efficient energy conversion, compact size, 

portability, fast response time, durability, reliability, and cost-effectiveness. These 

characteristics make them well-suited for various NDT applications, enabling accurate 

and efficient inspection of materials without causing damage. 

 

 

2.2.2 CAPACITIVE MICROMACHINED ULTRASONIC 

TRANSDUCER 

 

In the field of ultrasonic transducers, a capacitive micromachined ultrasonic transducer 

(CMUT) is a relatively recent idea. Over three decades have gone into developing CMUT 

technology. CMUTs were reported in the late 20th century. CMUTs are devices that can 

sense and generate ultrasonic signals of frequencies greater than 20KHz. They are 

increasingly used in numerous industrial and medical applications, including 

microscopes, inkjet printers, portable scanners, and a wide range of others. As shown in 

fig 2, a CMUT consists of a metal layer which is a top electrode , the silicon substrate is 

the bottom electrode and there is a vacuum gap between movable membrane and 

insulation layer [3]. The passivation layer provides protection while the insulating layer 

stops the two electrodes from shorting[2][24]. 

 

 

Fig 2. CMUT cross section (Reproduced from [2]) 
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CMUT acts as a transmitter when AC signal is applied across input electrodes. The 

membrane will vibrate and produce ultrasonic waves. CMUT acts as a receiver when 

ultrasonic waves are received by it ,the CMUT capacitance will vary and produce output 

which is a current signal. 

 

 

2.3  TRANSDUCER DRIVER CIRCUIT 

 

The transducer driver circuit drives the transducer with a high-voltage signal. The basic 

goal of the transducer driver circuit is that it should amplify the signal generated by the 

waveform generator to the voltage that is required in the design. Continuous-wave and 

pulsed-wave systems are two categories of transducer drivers [2]. The development of 

pulsed-wave systems is receiving substantially greater attention in the microelectronics 

research community. Therefore, we will concentrate on pulsers—transducer driver 

circuits used in pulsed-wave applications. The transducer elements receive short bursts of 

electrical pulses from a pulser. The transducer is driven by a pulser with voltage pulses 

of large amplitude more than 100V. To supply high-voltage pulses to the transducer there 

is a requirement for high-voltage transistors in the driver circuit. Therefore, the pulser 

consumes a lot of power due to the requirement of high-voltage transistors [2]. 

The two types of pulsars are spike-wave pulsers ,square-wave pulser and arbitrary 

waveform pulsers. The advantages of ultrasonic spike pulsers over other pulsars include 

higher resolution, greater sensitivity, wide frequency range, fast pulse repetition rate, 

compact size, minimal heat generation, energy efficiency, compatibility with different 

transducers, precise signal control, and advanced signal processing capabilities. Therefore 

,in this project, we discussed ultrasonic spike pulser. 

 

2.4 TRANSMIT/RECEIVE SWITCH(TR SWITCH) 

The function of the T/R Switch is to protect a low noise receiver from the high voltage 

transmit pulses. The transmit/receive (T/R) switches are also called duplexers. TR switch 

should be designed in such a way that it can maintain isolation between transmitter and 
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receiver, the power rating of the switch should be such that he  high voltage signal applied 

to the switch doesn’t damage the switch and  speed switching must be such that it can 

provide isolation  between a transmitter and a receiver[2] 

During the transmit mode, the TR switch connects the ultrasonic transmitter, typically a 

pulsar or generator, to the ultrasonic transducer. This allows the electrical pulse generated 

by the transmitter to be efficiently transferred to the transducer, which converts it into an 

ultrasonic wave for transmission into the medium or target. 

Once the ultrasonic pulse has been transmitted, the TR switch swiftly switches to the 

receive mode. In this mode, the TR switch disconnects the transmitter from the transducer 

and establishes a connection between the transducer and the receiver circuitry. This 

configuration allows the transducer to detect and capture any echoes or signals that 

bounce back from the medium or target under investigation[2].  

 

2.5. LOW NOISE AMPLIFIER 

 

Low Noise Amplifier (LNA) is the first component of the receiver part of an ultrasound 

system. In an ultrasonic system, the low noise amplifier (LNA) is designed to amplify the 

weak electrical signals received by the transducer after they have been converted from 

ultrasonic waves. The primary objective of the LNA is to boost the signal strength while 

introducing as little additional noise as possible. The LNA operates at the front end of the 

receiver circuitry and is responsible for amplifying the received signals to a level suitable 

for further processing and analysis. It is designed to have a high gain, allowing it to 

amplify weak signals without introducing significant distortion or noise.  

 

 

2.6. LNA WITH TIME GAIN COMPENSATION: 

 

A time gain compensation is required when the input signal is dynamic[2]. A time gain 

compensator is an automatic gain controller which amplifies the signal with a large gain 

when the signal is weak and takes more time to arrive whereas it amplifies the signal with 
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a small gain when the signal is strong so that a flat amplitude response can be obtained at 

the output of compensator, as shown in fig 6. 

 

 

 

 

 

 

 

 

 

 Fig 3. (a)Receiver output without Time gain compensation. (b) Receiver output with Time 

gain compensation(Reproduced from [2]). 

 

 

There are two categories of time gain compensators – programmable gain 

amplifiers(PGA) , Variable gain amplifiers. 

1)Programmable gain amplifier- It amplifies the signal with discrete gain steps.  

 

 

 

 

  

Fig 4. The architecture of PGA (Reproduced from [20]) 

 

 

The TGC shown in fig 7  approximates the exponentially varying gain with multiple gain 

steps. TGC uses a resistive feedback network or the capacitive feedback network[20]. 
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There can be more than one amplification stage For Example, the LNA can apply fixed 

gain while the subsequent PGA executes multiple gain steps [2], [24], [25]. 

The advantages of PGA are gain steps that are precise that do not change with process 

and temperature variations[2]. The disadvantage of PGA is that when input varies 

exponentially then more gain steps are required due to which more resistances and 

capacitances are required so chip area will increase. 

2) Variable gain amplifiers- VGAs provide a gain that is continuous in nature[20]. As 

shown in fig 8, an analog control input Vctrl can be used to adjust the amplification [20]. 

 

 

 

 

 

 

Fig 5.The architecture of  variable gain amplifiers(Reproduced from [20]). 

 

 

2.7 ANALOG TO DIGITAL CONVERTER 

The output of LNA is converted into a digital signal by ADC for further digital signal 

processing(DSP). An analog signal must have an ADC sampling rate that must be two 

times as large as the signal's frequency range in order to accurately convert it to digital 

form. ADCs depend on three major parameters: Sampling Speed, Resolution, and Power 

Consumption. The choice of ADC in an ultrasonic system depends on factors such as the 

required . sampling rate, resolution, and the specific application's needs. There are various 

types of ADCs available, including successive approximation ADCs, delta-sigma ADCs, 

and flash ADCs, among others. Each type has its advantages and limitations in terms of 

speed, resolution, and power consumption.  
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● Successive Approximation ADCs: Successive Approximation ADCs are often 

preferred for their speed and moderate resolution capabilities. They utilize a 

binary search algorithm to rapidly determine the digital representation of the 

analog input signal. Successive Approximation ADCs can achieve high sampling 

rates, making them suitable for MHz frequency applications. 

● Pipeline ADCs: Pipeline ADCs are commonly used in high-speed applications, 

including MHz frequency ultrasonic systems. They consist of multiple stages that 

process the analog signal in a sequential manner, enabling high-speed conversion 

with moderate to high resolution. Pipeline ADCs offer excellent performance in 

terms of speed and accuracy but may require more power and complex circuitry. 

● Delta-Sigma ADCs: Delta-Sigma ADCs are known for their high-resolution 

capabilities and ability to achieve excellent signal-to-noise ratio (SNR). They 

employ oversampling and noise-shaping techniques to achieve high-resolution 

conversion. Delta-Sigma ADCs are suitable for demanding MHz frequency 

ultrasonic systems that require high accuracy and precision. 

● Flash ADCs: Flash ADCs are renowned for their fast conversion speed and high 

sampling rates, making them well-suited for MHz frequency applications. Flash 

ADCs directly convert the analog input signal into a digital output using a large 

number of comparators, enabling very high sampling rates. However, they may 

have limited resolution and higher power consumption compared to other ADC 

types. 
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CHAPTER 3 

ULTRASONIC SPIKE PULSER 

 

3.1 INTRODUCTION TO ULTRASONIC SPIKE PULSER 

Ultrasonic spike pulsers play a critical role in various applications such as ultrasonic 

imaging, non-destructive testing, and industrial inspection. They are specialized 

electronic devices designed to generate high-voltage, short-duration pulses that drive 

ultrasonic transducers. These pulses are essential for producing ultrasonic waves that 

propagate into a medium, allowing for the detection of flaws, imaging of internal 

structures, or measurement of material properties. 

 

The primary purpose of an ultrasonic spike pulser is to provide a controlled and precise 

excitation signal to the transducer. By generating high-voltage spikes with fast rise and 

fall times, spike pulsers facilitate the transmission of well-defined ultrasonic pulses into 

the medium. These pulses contain a wide range of frequencies, depending on the specific 

application requirements. 

The design of an ultrasonic spike pulser involves several key considerations. Firstly, the 

pulser must be capable of producing high-voltage pulses to effectively drive the 

transducer. Secondly, spike pulsers need to generate short-duration pulses to achieve good 

temporal resolution in ultrasonic applications. The duration of the pulse is typically 

determined by the rise and fall times of the generated spikes. Fast switching devices and 

appropriate waveform shaping techniques are employed to minimize pulse width and 

ensure precise temporal control. 

Advanced spike pulsers may incorporate features such as adjustable pulse width, pulse 

repetition rate control, and synchronization capabilities. These features enable 

customization and optimization of the pulser's performance to suit specific application 

requirements. 
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Three parts make up an ultrasonic pulser: a power supply that provides electrical energy, a 

MOSFET driver that controls the power MOSFET, and a high voltage RF MOSFET that 

produces the high voltage spike signal needed to excite the ultrasonic transducer[5]. 

In these applications, lead-zirconate-titanate or bismuth titanate type piezoelectric 

transducers are most frequently used.When a high voltage, narrow pulse activates the 

Piezoelectric transducer, ultrasonic waves are produced[5]. 

 

3.1.1 PIEZOELECTRIC TRANSDUCER 

A piezoelectric transducer is a key component in ultrasonic spike pulsers, utilized for 

converting electrical energy into mechanical vibrations and vice versa. It plays a critical 

role in generating ultrasonic waves for various applications such as imaging, non-

destructive testing, and industrial inspections. 

Piezoelectric transducers are widely preferred for use in ultrasonic spike pulsers due to 

their unique properties and advantages: 

● High Sensitivity: Piezoelectric materials possess high sensitivity, allowing them 

to convert electrical energy into mechanical vibrations and vice versa efficiently. 

This high sensitivity enables the generation of ultrasonic waves with significant 

amplitude and power, which is essential for effective transmission and reception 

of ultrasonic signals in spike pulsers. 

● Wide Frequency Range: Piezoelectric transducers offer a wide frequency range, 

making them versatile for various ultrasonic applications. The resonant frequency 

of the transducer can be tailored by selecting appropriate materials and 

dimensions, allowing for flexibility in meeting the specific frequency 

requirements of different applications. 

● Fast Response Time: Piezoelectric transducers exhibit a fast response time, 

meaning they can rapidly convert electrical signals into mechanical vibrations and 

vice versa. This fast response time enables the generation of short-duration, high-

intensity pulses required in spike pulsers. It ensures precise temporal control of 

the ultrasonic pulses and allows for accurate imaging, flaw detection, or material 

characterization. 
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● Compact Size: Piezoelectric transducers can be manufactured in compact sizes, 

making them highly suitable for integration into ultrasonic pulser designs. Their 

small form factor enables efficient coupling with the medium, ensuring effective 

transmission and reception of ultrasonic waves. The compact size of piezoelectric 

transducers also facilitates the development of portable and handheld ultrasonic 

devices. 

● Durability and Reliability: Piezoelectric materials are known for their durability 

and long- term stability. They can withstand high temperatures, mechanical stress, 

and environmental factors, making them reliable for prolonged use in demanding 

ultrasonic applications. The robust nature of piezoelectric transducers ensures 

consistent performance and longevity in spike pulsers. 

 

                                                                                                                                                                                                                              

Fig 6 Block diagram of ultrasonic transmitter
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3.1.2 GATE MOSFET DRIVER  

A gate MOSFET driver is an essential component in an ultrasonic pulser, responsible for 

driving the gate of the MOSFET switches used in the circuit. 

The gate MOSFET driver operates by providing the necessary voltage and current levels 

to rapidly switch the gate of the MOSFET switches on and off. MOSFETs are voltage-

controlled devices, meaning their behavior and conductivity are determined by the 

voltage applied to their gate terminal. 

 

The gate driver takes a low-voltage control signal from the driving circuit and amplifies 

it to a higher voltage level required to fully turn on the MOSFETs. It provides the 

necessary voltage and current capabilities to ensure fast and precise switching of the 

MOSFET gates. 

 

The primary functions of gate mosfet driver are  

1) Voltage Level Shifting: The gate driver converts the low-voltage control signal 

from the driving circuit to a higher voltage level suitable for fully activating the 

MOSFETs. This voltage level shifting is necessary to ensure efficient and reliable 

switching of the MOSFET gates. 

2) Fast Switching Speed: Ultrasonic pulsers require fast rise and fall times of the 

generated pulses to achieve good temporal resolution. The gate driver provides 

the necessary current capability to charge and discharge the MOSFET gate 

capacitances rapidly, enabling the desired switching speed. 

3) Gate Voltage Control: The gate driver allows precise control over the gate voltage 

of the MOSFETs. It ensures that the gate voltage rises and falls rapidly, 

maintaining the desired pulse shape and minimizing the pulse width. This control 

is crucial for generating short-duration, high-intensity pulses required in 

ultrasonic applications. 

 

 

By utilizing a gate MOSFET driver in an ultrasonic pulser, designers can achieve efficient 

and precise control of the MOSFET switches. 
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High-pass filter between MOSFET driver and n-channel MOSFET is used to remove any 

dc component present in the signal.  

3.1.3 N CHANNEL POWER MOSFET 

The N-channel power MOSFET serves as a switching device in the output stage of an 

ultrasonic pulser. It is responsible for controlling the generation and transmission of high-

intensity ultrasonic pulses. The MOSFET acts as a solid-state switch that turns on and off 

rapidly in response to the control signals, enabling the precise generation of short-

duration, high-voltage pulses required for ultrasonic applications. 

 

ADVANTAGES OF N-CHANNEL POWER MOSFET: 

 

1) N-channel power MOSFETs exhibit fast switching characteristics, allowing for quick 

and precise control of the output pulse waveform. Their ability to transition rapidly 

between the on and off states enables the generation of short-duration pulses with high 

temporal resolution. 

2) N-channel power MOSFETs typically have a lower on-resistance compared to P-

channel counterparts. This low on-resistance results in reduced power losses and 

improved efficiency in the pulser circuit. It allows for efficient power delivery to the 

transducer, ensuring high energy transfer and minimal heat dissipation. 

3) N-channel power MOSFETs are designed to handle high voltages, making them 

suitable for applications that require the generation of high-intensity ultrasonic pulses. 

They can efficiently switch and withstand the high voltages involved in the pulser circuit, 

providing the necessary voltage levels to excite the transducer. 

4) N-channel power MOSFETs are widely available and cost-effective compared to other 

power switching devices. Their popularity and affordability make them a practical choice 

for designing ultrasonic pulsers without compromising performance and reliability. 
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3.1.4 CHARGING CAPACITOR EFFECT ON OUTPUT OF SPIKE 

PULSER 

 

A charging capacitor is essential to the design of a spike pulser. When the power is turned 

off, the source-drain RSD resistance of the power MOSFET charges the capacitor CC and 

gradually  Capacitor CC charges up to supply voltage (+HV). A minor voltage across the 

load will exist during the charging process before decreasing to zero as the capacitor 

charges. The MOSFET will suddenly turn on when a positive edge pulse is applied, 

discharging the capacitor's charge, which will subsequently exponentially degrade[6]. 

The drain capacitor value and load resistor value determine the output rise time and fall 

time at the drain terminal. 

The primary function of the capacitor at the output is typically to couple the high-

frequency components of the pulse while blocking any DC component. This coupling 

capacitor allows the pulse to pass through while preventing any DC bias from affecting 

the subsequent stages or components in the circuit. 

A high output resistance can provide protection to sensitive or delicate components 

connected to the output of the spike pulser. It limits the current flowing into the load, 

preventing excessive current flow that could potentially damage or overload the load. 

 

 

 

3.2 IMPLEMENTATION 

Pulsar consists of a MOSFET driver which amplifies input voltage and provides sufficient 

voltage to make power MOSFET on and off. High pass filter is required to pass 

frequencies above cut-off frequency which is dependent on value of Rh and Ch. The N-

Channel Power MOSFET is responsible for generation of high voltage spikes at output 

of pulsar. When MOSFET is in OFF condition , Cc gets charged exponentially to high 

voltage (+HV). When MOSFET is in ON condition Cc discharges through MOSFET and 

high voltage negative spike appears at the  output load resistor[3].  
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Fig 7: Schematic of spike pulser[3] 

 

The spice models for the different components in the design were imported into spice, 

and the circuit was simulated.A high speed dual MOSFET driver is used as a MOSFET 

driver[6]. It’s a high-speed driver capable of delivering peak currents of 2.0 amps into 

highly capacitive loads. It has four pins Supply pin, ground pin, input pin, output pin. A 

low-voltage, power MOSFET non-inverting gate driver is also used which increases the 

frequency range of the spike pulser[7]. It has OCP pin for over current protection sense 

and a FAULT status output (Once it is active, EN/FLT pin is internally pulled down). The 

EN/FLT needs to be outside pulled up to provide normal operation, pulling EN/FLT low 

disables the driver. Internal circuitry on the VCC pin provides an under voltage lockout 

protection that holds output low until VCC supply voltage is within operating range. 

An N-channel Enhancement switch mode MOSFET is used for high-voltage switching 

operation[8].It has a maximum breakdown voltage of 650V.  

The value of Rc is low so that the capacitor at the output of the pulser can charge fast. 

A high-pass filter is typically used in a spike pulser to shape the output pulse by allowing 

higher frequencies to pass through while attenuating lower frequencies. The cut-off 

frequency for the high pass filter is determined by: 

cutoff frequency (f_cutoff) = 1 / (2 * π * Rh * Ch) 

Here Rh and Ch are selected such that they can pass all frequencies above 1KHz. 
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The charging capacitance(Cc) determines the rate at which the capacitor charges and 

discharges, affecting the rise time and fall time of the output pulse. The damping 

resistor(Rd) is used to dampen or reduce oscillations or ringing in the pulse waveform, 

ensuring a clean and well-defined pulse. The damping resistor value can affect the shape 

and quality of the pulse waveform. A higher damping resistor value can help reduce 

ringing or oscillations, resulting in a sharper and cleaner pulse shape. 
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CHAPTER 4 

 

SIMULATIONS RESULTS 

 

A) SPIKE PULSER using EL7212 driver and SPA11N60C3 POWER MOSFET 

 

 

Fig 8: Schematic of spike pulser using EL7212 driver and SPA11N60C3 POWER MOSFET 

 

Fig 9: Output pulse response of EL7212 driver 

 

 

1)+HV=500,C2=12.3nF,R3=100000,Pw=40ns,PRT=10ms 
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Fig 10: Output pulse response of spike pulser  

 

Fig 11: Output pulse amplitude response of spike pulser  

 

Fig 12: Power response of spike pulser  

Maximum Power consumed by spike pulser at the output =2.462W. 
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Maximum current at the output load=4.96mA 

Maximum amplitude of negative spike =496.6V  

 

2) +HV=500,C2=12.3nF,R3=100000,Pw=130ns,PRT=10ms 

 

 

 

Fig 13: Output pulse response of spike pulser  

 

 

 

Fig 14: Output pulse amplitude response  
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Fig 15: Power response of spike pulser  

Maximum Power consumed by spike pulser at the output =2.465W. 

Maximum current at the output load=4.965 mA 

Maximum amplitude of negative spike =496.5V  

 

 

 

3)+HV=500,C2=12.3nF,R3=100000,Pw=4000ns,PRT=10ms 

 

 

 

Fig 16: Output pulse response of spike pulser  
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 Fig 17: Output pulse amplitude response of spike pulser  

 

 

Fig 18: Power response of spike pulser  

 

Maximum Power consumed by spike pulser at the output =2.46 W. 

Maximum current at the output load=4.956 mA 

Maximum amplitude of negative spike =496.3V  
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B)SPIKE PULSER using 1ED44173N01B  driver and SPA11N60C3 POWER 

MOSFET 

 

 

 

Fig 19: Schematic of spike pulser using 1ED44173N01B driver and SPA11N60C3 POWER 

MOSFET 

 

 

Fig 20: Output pulse response of 1ED44173N01B driver 

 

 

 

1) +HV=500,C2=12.3nF,R3=100000,Pw=20ns,PRT=10ms 
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Fig 21 : Output pulse response of spike pulser  

 

 

Fig 22: Output pulse Amplitude response of spike pulser 

 

Fig 23: Power response of spike pulser  
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Maximum Power consumed by spike pulser at the output =2.46 W. 

Maximum current at the output load=4.96 mA 

Maximum amplitude of negative spike =496V  

 

2)+HV=500,C2=12.3nF,R3=100000,Pw=130ns,PRT=10ms 

Fig 24 : Output pulse response of spike pulser  
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Fig 25: Output pulse Amplitude response of spike pulser 

 

Fig 26: Power response of spike pulser  

 

 

Maximum Power consumed by spike pulser at the output =2.466 W. 

Maximum current at the output load=4.9659 mA 

 Maximum amplitude of negative spike =496.58V  

 

 

 

3)+HV=500,C2=12.3nF,R3=100000,Pw=100000ns,PRT=10ms 
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Fig 27 : Output pulse response of spike pulser 

 

 

 

Fig 28:Output pulse Amplitude response of spike pulser  

 

Fig 29: Power response of spike pulser MOSFET  
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Maximum Power consumed by spike pulser at the output =2.44 W. 

Maximum current at the output load=4.945 mA 

Maximum amplitude of negative spike =495.33V 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 
 

CONCLUSION AND FUTURE SCOPE 

 

 

In this thesis, a high-voltage spike pulser is designed using two types of Drivers. It 

operates from 20 ns to 100000ns trigger pulse width when 1ED44173N01B driver is used. 

It operates from 40ns to 4000ns trigger pulse width when EL7212 driver is used. The 

pulser can provide a negative spike of voltage amplitude up to 650V. Maximum power 

consumed, the amplitude of the spike, and current at load have been compared for 

different pulse widths. 

 

 

 

FUTURE SCOPE 

 

Future spike pulsers may focus on optimizing power efficiency while maintaining high-

energy output. This can contribute to longer battery life in portable devices, reduce power 

consumption in larger systems, and improve overall energy efficiency. 
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