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ABSTRACT

The application of thermoluminescence technique in radiation dosimetry spans
field of health physics, biological and geological sciences and personnel moni-
toring; this led to the search for new compositions with desirable dosimetric
properties. In the present work, CaSrAl,SiO,:Tb*" and CaSrAl,SiO,:Ce*t, Tb>*
phosphors were prepared by solid-state reaction method and their TL properties
were studied in detail. The comparison of their TL results showed that co-
doping of Ce®* ions enhanced TL response of CaSrAl,SiO7Tb>* phosphors; this
was also verified from measurement of TL emission spectra of the samples.
Optimized glow curves were analysed and TL parameters were extracted from
Chen’s method. Co-doped CaSrAl,SiO;:Ce*", Tb>" phosphor is found to be
useful in dosimetric application.
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the techniques used in radiation dosimetry [4].
Thermoluminescent materials are more investigated
in on-going researches, because they found to have
increasing application in thermoluminescence
dosimeters. Thermoluminescent dosimeters neces-

1 Introduction

When an insulating or a superconducting material is
exposed to any kind of ionizing radiation, deposited
energy is stored in the defect sites and colour centres

of the crystal lattice. Due to action of heat energy, a
fraction of this stored energy released and emitted as
visible light which is called thermoluminescence
[1, 2]. Nowadays application of various radiations
such as ultraviolet, X-rays, B-rays, y-rays in the dif-
ferent fields like medical, industrial, agriculture, etc.,
is increasing [3]. Thermoluminescence (TL) is one of

sarily have linearity of TL response with exposed
radiation dose.

CaSrAl,SiO, is one of the members of melilite
group; these melilites that are basically silicate-based
materials showed their use in TL dosimetry. In this
work, thermoluminescence properties of CaSrAl,
SiO,:Tb>" phosphor are investigated and also
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observed that co-doping of Ce’* ions enhanced TL of
CaSrAl,SiO;:Tb>" phosphor. The effect of different
Tb>* concentration in both single and co-doped
samples on the TL glow curves has been recorded
and glow curve is analysed by computerized glow
curve deconvolution method. To the best of our
knowledge, there is no earlier report on thermolu-
minescence investigation on CaSrAlLSiO,:Tb*" and
CaSrAl,SiO;: Ce>, Tb>* phosphors.

2 Synthesis and experimental

Phosphors for the study were prepared by solid-state
reaction method at high temperature using analytical
reagent (AR) grade raw chemicals with more than
99% accuracy. Calcium carbonate, strontium carbon-
ate, aluminium oxide, silicon di-oxide, ceric oxide
and terbium oxide were the starting materials. The
amounts of the raw chemicals were calculated
according to stoichiometric ratio in CaSrAlLSiO,:Ce**
(0.5 mol%),Tb>* (y mol%), where y = 1.0, 3.0, 5.0, 7.0,
10.0 mol%. Required quantities of raw materials were
mixed homogeneously using agate mortar and pestle
for 3 h. The resultant mixtures were fired at high
temperature 1300 °C for 5 h. It was then slowly
cooled to room temperature inside the closed fur-
nace. The powders so formed were collected by
crushing the prepared samples. Now the samples
were ready for all other characterization studies.

Phase of synthesized phosphor was confirmed by
X-ray diffraction (XRD) technique using Cu-Ko
radiation with the help of D2 phaser Bruker diffrac-
tometer. Thermoluminescence investigation of phos-
phor was performed by TLD reader, Nucleonix TL
10091 with constant heating rate of 5 °C/s. As sample
must be exposed to any kind of radiation before
measurement of TL, UV cabinet is used, where the
samples were exposed to UV radiation of 254 nm.
Band pass filters of different wavelengths have been
used to record TL emission spectrum. To record TL
emission spectrum, the processes used in recording
TL glow curves were repeated; here the sample that
is placed in canthal strip was covered with band pass
filter. The band pass filter allows the signals of
selected range of wavelengths; hence in TL emission
spectrum, characteristic emission peaks were
observed.
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3 Results and discussion
3.1 XRD investigation

To verify the preparation of phosphors, they were
analysed by XRD tool that reveals the phase com-
position. Figure 1 shows the XRD patterns of Tb>*
singly doped and Ce**, Tb®" co-doped CaSrAl,SiO;,
phosphors along with JCPDS file. It is clear that
phosphors have good crystallization with no any
impurity phase, as experimental diffraction patterns
well matched with JCPDS file 26-0327 of CaSrAl,SiO;.
Hence, the as-prepared phosphors have tetragonal
crystallographic structure whose space group is
P42; m [5].

3.2 Thermoluminescence investigation

Thermoluminescence (TL) is light emission due to
moderate heating of a solid, previously exposed to
ionizing radiation. The absorption of the ionizing
radiation (UV, X-, B- or y-rays, high-energy particles)
creates traps, and fills them (or those already exist)
with electrons and/or holes even at low tempera-
tures. The subsequent heating migrates the electrons

CaSrALSiO :Ce”, Th™

L e e

CaSrALSiO :Tb"

Intensity (a.u.)

MM@WM

JCPDS 26-0327

L .||.|I..|...|.||\l.l PR N
10 20 30 40 50 60 70
20 (degree)

Fig. 1 Diffraction patterns of CaSrALSiO;:Tb®" and
CaSrAl,SiO5:Ce* ", Tb>" phosphors
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and/or holes in the lattice, until they fall into other
traps (or recombine) with a consequent photon
emission [6]. Thermoluminescent emission from TL
materials is very sensitive to the amount and nature
of dopant element and radiation effect. So in the
present research work, we used Ce’" and Tb>' as
single and co-dopant ions with their various con-
centrations; after that TL measurement was per-
formed for each sample with optimized dopant and
co-dopant concentration with various ultraviolet
(UV) exposure time and then TL kinetic parameters
were extracted from the Chen’s peak shape method.

3.2.1 Thermoluminescence of CaSrAl,SiO,:Ce*

Let us first focus on the investigated thermolumi-
nescence properties of CaSrAl,SiO,:Ce*" phosphor;
this was already discussed in our previous work in
which Ce** concentration was varied as 0.1, 0.3, 0.5,
1.0, 2.0, 3.0 and 4.0 mol% [7]. The optimized glow
curve was obtained for 0.5 mol% Ce*"-doped
CaSrALSiO; phosphor. This optimized phosphor
showed an increment in TL intensity up to 35 min of
UV irradiation time. As we further increased UV
exposure time, saturation in TL intensity was found.

3.2.2  Thermoluminescence of CaSrAlLSiO:Th "

At the second attempt, TL properties of CaSrAl,
SiO,:Tb>* phosphor was seen and this report is
dealing here for the first time. Figure 2 represents a
series of Tb®" concentration (1.0, 3.0, 5.0, 7.0,
10.0 mol%)-dependent TL glow curves of CaSrAl,
SiO;:Tb>* samples. TL peak position is independent
of the concentration of Tb®>" element and exhibits no
shift with change in doping concentration. The only
variation obtained in the TL peak intensity while
increasing Tb>* concentration. It can be understood
from the inset of Fig. 2 that TL intensity of sample
first increased with rise in Tb>' concentration,
attained a highest value at 5.0 mol% of Tb>* ions and
then decreased with further increase in Tb>" con-
centration; this behaviour arises from concentration
quenching process after a particular Tb®>" concentra-
tion. As we increase impurity concentration, there is
an increase in the number of defects/traps which in
turn implies a growth in the density of charge carriers
being trapped upon irradiation. Therefore the initial
rise in the TL peak intensity or area of the glow
curves. Furthermore, on being thermally stimulated,
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Fig. 2 Concentration-dependent TL glow curves of
CaSrAlZSiO7:yTb3Jr phosphors with 10-min UV exposure time

these charge carriers release from traps which in turn
recombine with their counterparts at the recombina-
tion centre and yield diverse TL glow peaks with
elevated height [8].

As thermoluminescence properties are greatly
affected by exposure time, TL property of CaSrAl,.
SiO,:Tb>* (5.0 mol%) phosphor was measured with
different UV exposure time. For variable UV expo-
sure time, some of the selected TL glow curves of
CaSrALSIO,:Tb>" (5.0 mol%) are represented in
Fig. 3. Spectral behaviour was same with increase in
length of UV exposure time but peak TL intensity or
glow curve area altered with increase in exposure
time. The growth in TL response was observed as
exposure time was boosted and after 60 min of UV
exposure TL response diminished with more added
exposure time. With increasing irradiation dose more
and more trapping centres or luminescent centres
responsible for the TL glow peaks are getting filled.
Upon thermal stimulation, these traps liberate their
charge carriers and they get recombine with their
counterparts, giving rise to different glow peaks.
When all the trapping centres that are subjected to
desired TL emission get filled, the saturation or
decrease in the TL intensity starts appearing [8-10].

3.2.3  Thermoluminescence of CaSrAl,SiO;:Ce**, Tb**

Thermoluminescence experiments were performed
on the series of CaSrAlSiO.,:xCe®>" and CaSrAl,
SiO;:yTb>" phosphors that the results point out
optimal concentration of Ce’* as x = 0.5 mol% and of
Tb** as y = 5.0 mol%. In the present work, co-doping

@ Springer
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Fig. 3 Effect of UV exposure time on the TL glow curve of
CaSrAlSiO7:Tb** (5.0 mol%) phosphor

of Ce** and Tb>* was also performed in CaSrAl,SiO;,
host and TL properties of this co-doped sample were
also investigated and compared with TL of singly
doped samples. Co-doping was performed with fixed
concentration of Ce®* (x = 0.5 mol%) and variable
concentration of Tb>* (y=10, 3.0, 50, 7.0,
10.0 mol%).

Figure 4 shows TL glow curves of CaSrAl,SiOy:
Ce’* (x=0.5mol%), Tb>" (y=1.0, 3.0, 50, 7.0,
10.0 mol%) phosphors with fixed UV irradiation
time. Glow curves for all samples had similar shape
but with change in glow curve area. Concentration
quenching occurred at 5.0 mol% of Tb>" ions (see
inset of Fig. 4). Like Ce®" and Tb’" singly doped
samples, impact of various UV irradiation time on the
TL glow curve of optimized co-doped CaSrAl,SiO;:
Ce®* (0.5 mol%), Tb>" (5.0 mol%) sample was seen
and this result is depicted in Fig. 5. It can be clearly
seen from Fig. 5 that TL intensity of optimized co-
doped phosphor increased up to 100 min of UV
exposure and then decreased.

3.2.4 Evaluation of TL parameters

To determine TL parameters, broad glow curves of
60-min UV exposed CaSrALSiO,:Tb>" (5.0 mol%)
and 100-min UV  exposed CaSrAlLSiO,:Ce**
(0.5 mol%), Tb>" (5.0 mol%) samples were first
applied to computerized glow curve deconvolution
(CGCD) method. Both samples were found to have
four overlapping peaks in their parent glow curves.
The position of constituent peaks is shown in Fig. 6.
TL parameters like geometrical shape factor (ug),

@ Springer
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Fig. 4 Tb’" concentration-dependent TL glow curves of
CaSrALSiO;:Ce**, Tb>™ phosphor with 30-min UV exposure time
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Fig. 5 Effect of UV exposure time on the TL glow curve of
CaSrAlLSiO7:Ce**, Tb** phosphor

order of kinetics (b), frequency factor (S) and activa-
tion energy (E) were extracted using Chen’s peak
shape method. The calculated TL parameters of Tb**-
doped and Ce’*,Tb>* co-doped CaSrAl,SiO; phos-
phors are listed in Table 1.

3.2.5 TL emission spectra

Figure 7 represents comparison of TL emission
spectra of CaSrAl,SiO;:Ce’*, CaSrAlSiO,Tb>" and
CaSrAL,SiO;:Ce*", Tb>* phosphors. Emission spectra
were recorded using interference band pass filters of
various wavelengths from 400 to 700 nm. Emission
spectra of Ce®"-doped sample was already discussed
in our previous article [7], here it is shown for com-
parison only. The three samples have characteristic
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Fig. 6 Representation of peak deconvolution on parent glow
curve of a CaSrALSiO;:Tb*>" and b CaSrALSiO,: Ce’* Tb>*
phosphors

emission peaks of respective dopant and co-dopant
ions. CaSrAL,SiO,:Tb>* sample has emission peaks at
around 480, 545 and 590 nm these are due to char-
acteristic transition °D, — “Fs, °D, —» "F5 and
°Dy — "F4 of Tb>" ions [11]. CaSrALSIOz:Ce’", Tb**
sample has characteristic peak of Ce>* ions at around
420 nm, due to 5d (°Ds,,) — 4f (*Fs;») [12, 13]Jand

oo _ —— CaSrAlSiO :Ce™
000 430 o 5‘;5 ) —— CasrALSiO Tb”
nm CaSrALSiO :Ce”,Tb™
25000 -
-~
=
< 20000 -
z
Z
=
]
£ 15000 -
£
o
H
= 10000
g
=]
=
5000 -
T T T T T T T
400 450 500 550 600 650 700
Wavelength (nm)
Fig. 7 TL Emission spectra of CaSrAl,SiO,:Ce’™,

CaSrAl,Si05:Tb>" and CaSrAlL,SiO,:Ce**, Tb>" phosphors

characteristic peaks of Tb>" ions situated at around
480, 545 and 600 nm; these are due to above-men-
tioned transitions of Tb>" ions.

Figure 8 shows the comparative TL glow curves of
the three optimized phosphors. Ce’*, Tb>* co-doped
phosphor has most intense TL properties among all
three. Also from Fig. 7 it is clearly visible that TL
emission of cerium ions is decreased, while TL
emission of terbium ions is increased in co-doped
sample; hence co-doping of small amount of Ce®"
ions, i.e., 0.5 mol%, may enhance TL emission of Tb*
ions in CaSrAl,SiO; host.

Present study concludes that among the three,
Ce’*, Tb®" co-doped CaSrAl,SiO, phosphor has
almost linear increment in total TL intensity with
respect to UV exposure time up to 100 min, which is
very large range as compared to other UV irradiated
silicate, aluminate and aluminosilicate-based phos-
phors such as Ca,Al,Si0;:Ce’", Tb*" [14]; CarAl,

Table 1 Calculated TL
parameters

Si0,:Ce®*[15]; BaMgAl;(0;7:Ce®"  [16]. Hence
Phosphor T °C)  pg b E@V) SEhH
CaSrALSiO7:Tb>* (5.0 mol%) 12228 048 1 046 8.07 x 10°
17521 048 1 057 245 x 107
24431 049 1 075 1.82 x 10°
31063 070 2 141 2.12 x 10"
CaSrALSiO7:Ce*" (0.5 mol%), Tb> " (5.0 mol%)  98.59 049 1  0.54 235 x 108
15596 0.5 2 053 1.4 x 107
22891 049 1 0.78 745 x 10®
30209 049 1 0.82 1.37 x 10°
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Fig. 8 Comparative TL glow curves of CaSrAl,SiO,:Ce’™,
CaSrALSiO7:Tb*" and CaSrALSiO,:Ce*™, Tb** phosphors

CaSrAl,Si0;:Ce®", Tb>"  phosphor may be most
appropriately useful for UV dosimeter application.

4 Conclusions

CaSrALSiO;yTb®" and  CaSrAlLSiO;:Ce**,yTb>*
phosphors were prepared by solid-state reaction
method. Detail comparative TL study of singly doped
and co-doped samples was investigated. Concentra-
tion-dependent TL glow curves of CaSrAlL,SiO:yTb>"
phosphor and CaSrAl,SiO,:Ce*"yTb>" phosphors
were measured and found that 5.0 mol % is opti-
mized concentration of Tb>" ions in both samples.
Tb>* singly doped sample showed linear increment
in TL intensity up to 60 min, while Ce®>*,Tb>" co-
doped sample showed this linearity up to 100 min,
also TL properties of co-doped sample got enhanced
with inclusion of 0.5 mol% of Ce>* ions, this was also
verified from TL emission spectra. Hence the opti-
mized CaSrALSiO7:Ce’*(0.5 mol%),Tb**(5.0 mol%)
phosphor may be a potential candidate for UV
dosimeter application.
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Introductory study on machine learning tool WEKA
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Abstract:

Data mining is the process of identifying or extracting new patterns from massive datasets or databases, and it is

a powerful new branch of computer science with a lot of potential.  It's widely  utilized in marketing,
surveillance, fraud detection, artificial intelligence, scientific research, and a variety of other industries. Today
the size of data is increasing day-by-day. To analyze the dataset from different angles and Data mining
techniques the WEK A software is used. This paper describes to understand the basic of WEKA. It also explains
the basic techniques to use WEKA and how datasets are load into it. WEKA also Supports Varity of Classifier
that also explain in this paper.

Keywords: Data mining, data preprocessing, classification, cluster analysis, JRip, Weka tool et.

‘ 1. Introduction:

Today the rapid growth of data over the internet, product related word-of-mouth conversation have migrated to
online markets, creating active electronic communication that provide a wealth of information. In data mining,
the data is stored electronically and the scarch is computerized or at least augmented by machine. The use data
mining is to gain knowledge, not just predictions 81, Data Mining is the process of extract hidden information
from the data set and it is also called as Kknowledge discovery. This Techniques is used in various applications
such as Education, Banking, Market analysis, Telecom industry, Retail Industry, DNA Analysis and Many
more. WEKA is open source softwarc an open source software provides tools for data preprocessing,
implementation of several Machine Learning algorithms, and visualization tools which help researchers to
develop machine learning techniques and apply them to real-world data mining problems. There are some
authors who uses WEKA in their dataset.Y. K. Salal, S. M. Abdullaev, Mukesh Kumar (2019), discovers
execution forecast in Academic with assistance of Data Mining procedures to improve instruction quality.
Gaganjyot Kaur, Amit Chhabra (2014), The paper portrays successful data burrowing frameworks for foreseeing
diabetes from therapeutic records of patients. Pima Indians Diabetes dataset of 768 events is used by maker.V.
Veeralakshmi, Dr. D. Ramyachitra (2015) investigate execution of three principles classifier algorithms. The
calculation is RIDOR, JRIP, and Decision Table. IRIS Dataset is picked for correlation. Dr.S.R.Kalmegh(20l7)
uses the WEKA with the data set of Indian news and come up with results.

2. Methodology

the GNU General Public License 21"l [t runs on almost any platform and has been tested under Linux,

Windows, and Macintosh operating systems. It provides a uniform interface to many different learning

algorithms, along with methods for pre and post processing and for evaluating the result of learning schemes on

any given dataset. This tool also supports the variety file formats for mining include ARFF, CSV, LibSVM, and
C4.51'%%1 The easiest way to use WEK A is through a graphical user interface called Explorer as shown in Fig.

I. Fig. I Shows the ARFF File Opening by WEKA and Fig. I1l ARFF file processing by JRip.bThe Step by \
steps use of WEKA for result purpose is as explain below.
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Use Training Set: The accuracy of the classifier is based on the class of instances against their actual
classes

Supplied Test Set: In the Supplied test a separate file is loaded. Based on this evaluation of the
classifier take place on the basis of the authenticity of the prediction of the class of a set of instances
loaded from that file

e Cross-validation: The cross validation is also called as K-Folds cross Validation. In K-fold Cross —
validation, the dataset is divided into k sets. In the first run, k-1 sets are used for training the classifier
and the remaining one set is uscd for testing the classifier. In the next run, another set is held out as the

test data and the remaining k-1 sets are used as training sets. Thus, each set is held out in turn as the
testing set and the process is repeated k™ times. So, each data set used once for testing and k-1 times for
training.

e Percentage Split: The data set is divided into two sections in Percentage Split based on the value

supplied in the percent field. typical split worth is 66% to 34% for train and test sets separately. The
classifier is evaluated on how well it predicts the class of the test data.

3. Advantages

1. WEKA is user friendly which helps to develop new machine learning plans.

2. WEKA loads information record in format of ARFF, CSV, C4.5, and binary.
3. It is open source, Free, Extensible can be incorporated into other java bundles.

4. Limitation
' 1. Worse connectivity to excel spreadsheet and non-Java based databases.
” 2. CSV reader not as robust as in Rapid Miner.
y 3. Weka is much weaker in classical statistics.

4. Does not have arrangement to store parameters for scaling to apply to future datasets.
{ 5. Does not have programmed arrangement for Parameter enhancement of learning/statistical
techniques J
5. Conclusion 2,
1 WEKA help us researchers to

predict the Knowledge from their data set, which help to predict future
knowledge from the existing dataset. The basic information provided in this paper may be help new
: research scholar to gain valuable output from this Software. This paper help to understand the basic
‘ working of WEKA, it also shows how data set load into it. Along with this advantages and
disadvantages are also discuss.
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Development of linear array transducer using field _II

Rodge S. A.
Associate Professor, Dept. of Electronics
Adarsha Science J.B.Arts and Birla Commerce Mahavidyalaya,
Dhamangaon Rly-444709 India)

ABSTRACT

Science past decades, ultrasound imaging technology has satisfied outstanding improvement in
obtaining significant diagnostic information from patients in a fast, noninvasive approach.

. Although the technology has benefited from sophisticated signal processing technology and
imaging system integration, much of this progress has been derived from the improvement of
ultrasonic transducers. Ultrasonic arrays are used in various applications together with medical
imaging. In this particular case is important to accomplish precise information regarding the
magnitude and position of the peak pressure and intensity produced by the imaging probe. This
paper presents the design of linear array transducers for ultrasonic measurements.

Keywords--Ultrasonic, Linear array Transducer, medical imaging, Field-II GUI, TX/RX Fields.

I INTRODUCTION

For the period of the second half of 20™ current century the medical imaging is grown

through Ultrasound tool speedily. The part of novel technology is the use of computers to decide

. problems by simulating theoretical models (Numerical simulations) that has taken place alongside
pure theory and experiment during the last few decades. These numerical simulations permit one

to resolve problems that may not be accessible to direct experimental study or too complex for

theoretical analysis. Computer simulations can link the gap between analysis and experiment [1].

These numerical simulations have emerged as a new branch in science and technology
complementing both experiments and theory. A simulation can sometimes replace physical
experiments, even though most often a simulation and an experiment are complementary. The
results of scientific experiments are often explained by simulations and simulations are often
calibrated by experiments. The experiments provide input for the simulations, which are viewed

as experimenting with theoretical models. The feedback of numerical results into theoretical
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puting power in both speed
ved computer capacity and
ce of solution obtained, A
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cs its significance. Impro
the excellen

nd obse

modeling and continues interaction with
computing a vital tool for science. (‘onseque

and storage has given computationnl clectroni

g outcome on '
rvations enlarge existing

isting theories that can be

the solution algorithms themselves. have a bi

numerical model can be used o understand measurements A
i itati 8t eX

analytical models into new paramcler regimes and quunlntatwcl y test

done by comparing model predictions to experimental information. ¥
eriment and theory 18 cOVer up by the numerical :

The mutual weak point of both exp

A third dimension in ultrasonic measurements, of

simulations examination and experiment.
g but the simulation

ment and analysis is nothin
ic measurements

equivalent status and significance 10 experi
¢ in every one aspect of ultrason

determination |1]. It has taken an cverlasting plac

from basic research to engineering design.

computer experiment. One can resolve novel

A novel and potentially powcrful tool is the
predictable theory, experiment and computer

and uncertain aspects of usual process, by combining
simulation [1]. Such aspects could frequently neither have been understood nor reveled by analysis
or experiments alone.

More than the last half century much development has been made in medical device

technology. One particular medical technology that has enhanced speedily over the last 30 years
is ultrasound. This advancement in tcchnology however has brought with it the rapid obsolescence
of system design. The accomplishment of modern electronics is built on the possibility to precisely
predict system performance by the use of simulation tools. This model can be extended to
compo'nents §uclj| as piezoelectric transducers attached to the electronics [2]. The ability to simulate
both piezoelectric transducer and clectronics together renders possible efficient optimizations at

system level, i.e. minimizing size, price and power consumption (3]

The systems for images processing in the medical field are very important calling for new
calling

techniques, much more superior and i
, performing than the
y used to be, in order to ide a
3 provi

acceptable analysis and diagnosis. Amongst the medj
edical techniques using computer sciences, it

tomograph g
nuclear magnetic resonance. Ultrasound widely used PhY, radiography, quantitative microscopys
; used in many are
as of medicine i secure
, provides a

can be mentioned: scintigraphy, echography
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and efficient means for diagnosis and therapy. When the medium becomes complex solving the
wave propagation formula becomes virtually not possible. Modeling becomes much more complex
inside the body because the ultrasound propagation speed is different for each tissue and it is
known that tissues are not a homogcncous medium for ultrasound wave propagation [4]. Therefore,

it is important to know how the ultrasound wave is generated and the ultrasound wave beam
shaped.

11 SPATIAL IMPULSE THEORY
The pressure field generated by the aperture is found by the Rayleigh integral [5]

- ov, a5
C

L =L — ds (1)
27 "l -n

Where the field point is denoted by # and the aperture byr, , is the velocity normal to the
transducer surface. Using the velocity potential, and assume that the surface velocity is uniform

over the aperture making it independent of Z , then: where the field point is denoted by r, and
the aperture by;; , is the velocity normal to the transducer surface. Using the velocity potential,

and assume that the surface velocity is uniform over the aperture making it independent of r—2 ,

then:
S n-r,
o(t- )
¥ (7 t)=v, (1) * I—;l—:r—‘ @
2

Where * denotes convolution in time. The integral in this equation

~ g ==t
BUE 0= i @)

, 27 |\ry —
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Represent the spatial impulse response. The continuous wave field can be found from the Fourier

transform of

«h(r, 1) “4)

- av(t)
P(r )=py —

The impulse response includes the excitation convolved with both the transducers electro-
mechanical impulse response in transmit and receive. The final signal for a collection of scatters

is calculated as a linear sum over all signals from the different scatters [6-7].

III LINEAR ARRAY TRANSDUCER
The linear array is the fundamental type of multi-element transducer and it scans the region of ‘
interest by exciting the elements situated over the region. The field is focused on the region by
introducing time delay in the excitation of the concerned individual elements, so initially concave
beam is emitted. Here a Fig.1 shows general design format of 16 element linear array transducer
having height, width and kerf of individual element are taken as 5 mm, 0.2 mm and 0.02 mm
respectively. The transducers are situated at the center of the coordinate system. To achieve focal

length of 30 mm from the center of transducer the electronic focusing is included.

Fig. (1) Design format of linear array transducer (Height=5mm, Width=0.25mm
Kerf=0.02mm) >

In this paper a linear array transducer of 16 clements is simulated using FIELD-]] program with

center frequencies SMHz. For this specified linear array transducer, acoustic fielq generated is

propagated through human body tissues and is observed at a focal distance i.e (0,0, 30)

IV RESULT AND DISCUSSION

The calculation of the impulse response is facilitated by Projecting the fielq point onto th
onto the

plane of the aperture. In this way, the problem became two-dimensional ang the field point is o
point is given
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as a (X, y) coordinate set and a height z above the plane. The spatial impulse response is, thus,
determined by the relative length of the part of the arc that intersects the aperture [8]. Thereby it
is the crossing of the projected ultrasonic waves with the edges of the aperture that determines the
spatial impulse responses as a function of time. In this paper by using FIELD-II program created
a 16 element linear array transducer with center frequency fo = SMHz. The speed of sound in tissue

is c=f0 = 1540m/s, The sampling frequency used was fs = 100MHz. The elements had a width and

ISSN NO : 0363-8057 <

height of 0.25mm and Smm respectively. The focal-point was set to 30mm.

Table: 1 shows the parameters for 16 element array transducer, excitation pulse and
_-dium used for this centre frequency (fo) used is SMHz. Figs. (a-m) shows; Element impulse
~onse for 16 element array, TX Field image for 16 element array, TX Axial waveform for 16

cJement array, TX Lateral beam plot for 16 element array, TX/RX Field image for 16 element

> — e g

array, TX/RX Axial waveform for 16 element array, TX/RX Lateral beam plot for 16 element

K-space lateral slice for 16 element array, Detected image for 16 element array, Detected image

E
array, K- space TX/RX field image for 16 element array, K-space axial slice for 16 element array, ;
f
§
[

axial slice for 16 element array and Detected image lateral slice for 16 element array.

R |
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[oul 1. e wev podel] (Y]
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Fig.(a) Element impulse response
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V CONCLUSION /

The paper attempts to present a cohcrent analysis of the focusing stra.teg'ie’s for2-D a;rac);r::r::::
design and properties, based on lincar acoustics. The delays on the individual tf"fms ) h. Thi

and their relative weight or apodization are changed continuously as a functlon of dep.t - 1A
yields near perfect focused images for all depths and has increased the contrast in the displayed

image, thus, benefitting the diagnostic importance of ultrasonic imaging.
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Simulation of 32 Element linear array Transducer using Field-II GUI

Rodge S. A. .
Associate Professor, Dept. of Electronics
Adarsha Science J.B.Arts and Birla Commerce Mahavidyalaya,
Dhamangaon Rly-444709 India)

Abstract-For the duration of the second half of the 20™ current century, medical imaging is
grown through Ultrasound tools speedily. Its outcome became documented in those areas of
imaging in which its unique features present particular advantages over other imaging
modalities. It expanded extensive acceptance as a nonionizing form of energy that is useful non-
invasively.
The part of novel technology is the utilization of computers to resolve problems by simulating
theoretical models (Numerical simulations) that have taken place alongside pure theory and
experiment during the last few decades. These numerical simulations allow one to resolve
problems that may not be accessible to direct experimental study or are too complex for
theoretical analysis. Computer simulations can link the gap between analysis and experiment [1].
This paper presents the simulation of linear array transducers using Field-1I GUI.
Keywords--Ultrasonic, Linear array Transducer, medical imaging, Field-II GUI, TX/RX Fields,
detected image, TX/RX Axial slice. TX/RX Axial slice.
I INTRODUCTION

These numerical simulations have emerged as a new branch in science and technology
complementing both experiments and theory. A simulation can sometimes replace physical
experiments, even though most often a simulation and an experiment are complementary. The
results of scientific experiments are often explained by simulations and simulations are often
calibrated by experiments. The experiments provide input for the simulations, which are viewed
as experimenting with theoretical models. The feedback of numerical results into theoretical
modeli.ng and continuous interaction with laboratory experiments and analytical theory makes
computing a vital tool for science. Consequently, the increase in computing power in both speed
and storage has given computational electronics its significance. Improved computer capacity
and the solution algorithms themsclves have a big outcome on the excellence of the solution
obtained. A numerical model can be used to understand measurements and observations enlarge
existing analytical models into new parameter regimes and quantitatively test existing theories

that can be done by comparing model predictions to experimental information.
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riment. One can resolve no
A novel and potentially powerful tool is the computer expe ve|

by combining predictable theory, experiment, anq
and uncertain aspects of the usual process, by e hove beon oy h
computer simulation [1]. Such aspects could frequently n
revealed by analysis or experiments alone. . . |
In more :l:an t:e last hZIf-centur_v. much development has been made in medical device
technology. One particular medical technology that has enhanced speedily over' the .last 30 years
is ultrasound. This advancement in technology however has brought with it the rapid
obsolescence of system design. The accomplishment of modern electronics is built on the
possibility of precisely predicting system performance by the use of simulation tools. This mode]
can be extended to components such as piezoelectric transducers attached to the electronics [2].
The ability to simulate both piezoclectric transducer and electronics together renders possible
efficient optimizations at the system level, i.e. minimizing size, price, and power consumption

[3].

The systems for images processing in the medical field are very important calling for new

techniques, much more superior and performing than they used to be, in order to provide an

acceptable analysis and diagnosis. Amongst the medical techniques using computer sciences, it

can be mentioned: scintigraphy, echography, tomography, radiography, quantitative microscopy,

nuclear magnetic resonance. Ultrasound, widely used in

propagation [4]. Therefore, it is important to know h
ultrasound wave beam is shaped.

IISPATIAL IMPULSE THEORY

The pressure field generated by the aperture s found by the Rayleigh integral [5]

w u
ovaneliznl
p('r.I )= Lo ;z‘i-—uc\lls (1)
2r Y ,r, - P, l

2

Where the field point is denoted by ;: and the apertyre by:,

s is the velocity normal to the
transducer surface. Using the velocity potential, and assume that ¢

he surface velocity is uniform
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. . . u
over the aperture making it independent of r, , then: where the field point is denoted by ;,I and
= . .
the aperture by, , is the velocity normal to the transducer surface. Using the velocity potential,

and assume that the surface velocity is uniform over the aperture making it independent of :2 ;

then:
Y
¥ a(t- )
¥ (r, )=v, () | —e ()
¢ T IrI - r:|

Where * denotes convolution in time. The integral in this equation

3 _lr,- r,l
g . o- & - 3)

Y
£ 27r|r,—r:|

Represent the spatial impulse response. The continuous wave field can be found from the Fourier

transform of

ov(t)

u
5 * h(r, ,U) )]

u
p(r, ,t)=p,

The impulse response includes the excitation convolved with both the transducers electro-
mechanical impulse response in transmit and receive. The final signal for a collection of scatters
is calculated as a linear sum over all signals from the different scatters [6-7].
III SIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the fundamental type of multi-element transducer and it scans the region of
interest by exciting the elements situated over the region. The field is focused on the region by
introducing time delay in the excitation of the concerned individual elements, so initially, the
concave beam is emitted. Here Fig.| shows the general design format of 16 elements linear array
transducer having height, width, and kerf of the individual element are taken as 5 mm, 0.2 mm,
and 0.02 mm respectively. The transducers are situated at the center of the coordinate system. To

achieve a focal length of 30 mm from the center of the transducer the electronic focusing is

included.
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Fig. (1) Design format of lincar array transducer (Height=5mm, Width=0.25mm,
Kerf=0.02mm)
In this paper a linear array transducer of 32 elements is simulated using the FIELD-II program
with center frequencies SMHz. For this specified linear array transducer, the acoustic field

generated is propagated through human body tissues and is observed at a focal distance i.e. (0, 0,
30)

IV RESULT AND DISCUSSION
The calculation of the impulse response is facilitated by projecting the field point onto the
plane of the aperture. In this way. the problem became two-dimensional and the field point is
given as an (x, y) coordinate set and a height z above the plane. The spatial impulse response is,
thus, determined by the relative length of the part of the arc that intersects the aperture [8].

Thereby it is the crossing of the projected ultrasonic waves with the edges of the aperture that
determines the spatial impulse responses as a functio,
IT program a 32 element linear arr

The speed of sound in tissue is ¢

n of time. In this paper by using the FIELD-
ay transducer is simulated with center frequency fo = S\MHz.
=/0 = 1540m/s, The sampling frequency used was S5 = 100MHz.

The elements had a Wwidth and height of 0.25mm and 5mm respectively. The focal point was set

response for 32 element array, TX Field image for 32 elem

element array, TX Lateral beam plot for 32 element array,
array, K- space TX/RX field image for 32 element ar,

array, K-space lateral slice for 32 element array, Detected j

image axial slice for 32 element array angd Detected ima
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V CONCLUSION

a coherent analysis of the focusing str
transducer design and properties. based on linear

The paper attempts to present ategies for 2-p array
acoustics. The delays on the individual
transducer elements and their relative weight or apodization are cp

anged continuously as a
function of depth. This yields near-perfect focused

mages for all depths. Similarly,

if the number

of arrays in the transducer is increased then the contrast of the displayed image, hag increased
4as5€, ng

thus, benefitting the diagnostic importance of ultrasonic imaging.
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ABSTRACT . . : se i
pltrasonic arrays are used in many applications including medical imaging. In ‘lhlS specific case 1s
important to achieve precise information about the magnitude and position of the peak pressure.
intensity, detected image and various pressure fields produced by the probe. This paper presents
the simulation of linear array transducers of 32 elements with center frequency 10 MHz for
ultrasonic measurements

Keywords—Ultrasonic, Linear array, Transducer. medical imaging. Field-1I GUI Tx Rx
Field images.

1 INTRODUCTION

For the period of the second half of 20" current century the medical imaging is grown
through Ultrasound tool speedily. The part of novel technology is the use of computers to decide
problems by simulating theorctical models (Numerical simulations) that has taken placc alongside
pure theory and experiment during the last few decades. These numerical simulations permit one
to resolve problems that may not be accessible to direct experimental study or too complex for

theoretical analysis. Computer simulations can link the gap between analysis and experiment [2].

More than the last half century much development has been made in medical device technology.

One particular medical technology that has enhanced speedily over the last 30 years is ultrasound.
This advancement in technology however has brought with it the rapid obsolescence of system
design. The accomplishment of modern electronics is built on the possibility to precisely predict
system perfbrmance by the use of simulation tools. This model can be extended to components
such as piezoelectric transducers attached (o the electronics [3]. The abilitv {o simulate both
piezoelectric transducer and electronics together renders possible efticient optimizations at system

level, i.e., minimizing size, price and power consumption [4].
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Where the field point is denoted by r, and the aperture byr
transducer surface. Using the velocity potential, and as
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and assume that the surface velocity i
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=]

6(t ) @

L T () T j‘
2 r -1
in time. The integral in this equation

7 — |

o(t-
(3)

tial impulse response. The continuous wave field can be found from the Fourier

transform of
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mechanical impulse res
is calculated as a linear sum over al
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ulse response includes the excitation convolved with both the transducers electro-

ponse in transmit and receive. The final signal for a collection of scatters

I signals from the different scatters [6-7].
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3ISIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the f s

; —— y1s the iundamema.l type of muiti-element transducer and 1t scans the region of
i Ld .y ufulmg lhx_clemcms situated over the region. The field is focuscd on the region by
introducing time delay in the excitation of the concerned individual elements. so initially concave

> - beam is emitted.

Here a Fig.! shows general design format of 16 element linear array transducer having height.

).2 mm and 0.02 mm respectively. The

width and ker{ of individual element are taken as 5 mm. (
e focal length of 30 mm

transducers are situated at the center of the coordinate system. To achiev

from the center of transducer the clectronic focusing is included.

> 1
z{mm) 0 x
. -1 e
ARSI s e e B o« - -
y{mm) -

ements is simulated using FIELD-II program with

In this paper a linear array transducer of 16 el

~center frequencies SMHz. For this speciﬁed linear array transducer, acoustic field generated is
rved at a focal distance i.e. (0.0, 30)

propagated through human body tissues and is obse

4 RESULT AND DISCUSSION

ation of the impulse response is facilitated by projecting the field point onto the

the problem became two-dimen

The calcul
plane of the aperture. In this way,
_ .. _.asa {x,.y) coordinate set and a height 2 above the plane. The spatial
o (li/c;lcrmi;c'd by the relative l
is the crossing of the projected

{al impulse responses as a functio

sional and the field point is given

impulsce response 1. thus.

ength of the part of the arc that intersects the aperture [8]. Thereby it

ultrasonic waves with the edges of the aperturc that determines the
n of time. In this paper by using FIELD-II program created

spat
center frequency fo = 10MH:=. The speed of sound n

a 32-element linear array t(ans:dumr_wilh
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: tissue is ¢=f0 = 1540m/s, The sampling frequency used was fs = 100MHz. The elements had a
l

width and height of 0.25mm and Smm respectively. The focal-point was set to 30mm.

; Table: 1 shows the parameters for 32¢lement array transducer, excitation pulse and medium used

* for this center frequency (fo) used is 10 MHz Figs. (a-m) shows; Element impulse response for 32

element array, TX Field image for 32 element array, TX Axial waveform for 32 clement array. TX

Lateral beam plot for 32 element array, TX/RX Field image for 32 element array. TX/RX Axial

waveform for 32 element array, TX/RX Lateral beam plot for 32 element array. K- space TX RX

field image for 32 clement array, K-space axial slice for 32 element array. K-space lateral slice for

32 element array, Detected image for 32 element array, Detected image axial slice for 32 clement

array and Detected image lateral slice for 32 clcment array.
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5 CONCLUSION

The paper attempts to present a coherent analysis of the focusing strategies for 2-D array transducer
design and properties, based on linear acoustics. The delays on the individual transducer elements

and their relative weight or apodization are changed continuously as a function of depth. This

yields near perfect focused images for all depths and has increased the

contrzst in the displayed

the displayed
image, thus, benefitting the diagnostic importance of ultrasonic imaging. If the center frequency
and number of elements in transducer is increased then contrast in the detected image is increased,

this also increases the diagnostic status of ultrasonic imaging
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ABSTRACT

Ultrasonic arrays are used in many applications including medical imaging. In this specific
case is important to achieve precise information about the magnitude and position of the

Peak pressure and inten
linear array

sity produced by the probe. This paper presents the simulation of
fransducers of 16, 32 and 64 elements for ultrasonic measurements

Kt'ywords—l,’ltrasonic, Linear array, Transducer, medical imaging, Field-11 GUI, Ty Ry Field images.

lNTRODUCTION
In the biomedical field, the s

! ystems for images processing are
very important calling fo

T new techniques, much more
advanced and performing than they used to be. in order to

provide a correct analysis and diagnosis. Ultrasound, widely
used in many areas of medicine. provides a safe and efficient
means for diagnosis and therapy. There are considerable
efforts in designing transducers and determining the
characteristics of the emitted field. To simulate the pressure
response from transducers, a model which can predict the volt-
to-surface acceleration conversion of multilayered transducers
is nceded. Methods for modeling piezoelectric transducers are
well known in literature. [1-6]. Most of these models are based
on clectrical equivalent circuits benefiting from transmission
line theory to represent the electromechanical coupling and
acoustic wave propagation, and others rcly on deriving

!impcdancc matrices for describing the transducer behavior.

\Il of these methods have their advantage and disadvantages
depending on the application of use.

There are considerable efforts in designing transducers and
determining the characteristics of the emim;d field. Fiel.d Il
program [7]. developed by J.A. Jensen, can s.lmulate.all liuvnds
of ultrasound transducers using lincar acoustics anq it utnhz_es
the Tupholme-Stepanishen method for calculating .spaual
impulse responses. The program is capable of calculating the
fields for both the pulsed and continuous wave case f:or a large
number of different transducers aqd allows vnsgah;atnon of
simulating transducers. The calculation of the spatial impulse
response assumes linearity ) [_8] a_nd any complex-shaped
transducer can therefore be divided into smaller apertures and

the response can be found by adding the responses from the .-

-apertures.
e SPATIAL IMPULSE THEORY

The pressure field generated by the aperture is found by the
he
Rayleigh integral (9]

VOLUME 8 ISSUE 6 2022

_ [F%
P 6"11 (,'3 't- )
p(rn ,t)=& ————ds (1
2 . )r, -

where the field point is denoted by 7, and the aperture by 7 |

is the velocity normal to the transducer surface. Using the
velocity potential , and assume that the surface velocity is

uniform over the aperture making it independent of Iy, then:
1'1 .
is the velocity normal to the transducer surface. Using the
velocity potential , and assume that the surface

velocity is uniform over the aperture making it independent of
r, . then:

where the field point is denoted by Z and the aperture by

-7
o(t- )
¥(r ) v,,(t)*j = )
" 27r|r|—r2
where * denotes convolution in time. The integral in this
equation
-7

- o(t-—)

h(l’I A= — (3)
/ 27r|r,—r2

represent the spatial impulse response. The continuous wave

_field can be found from the Fourier transform of

ov(t) -

*h(r 1)
_ ot ‘
The impulse response includes (he excilation convolved wiih
both the transducers

p(;; ;t)=P0 (+4)
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electro-mechanical im
The final signal for a

linear sum over all s

.

foli:iitfesponse in transmit and receive,
1on of scatters is calculated as a

gnals from the different scatters [10].
LINEAR ARRAY TRANSDUCER

The linear array i
transducer and z ;zathc If“ndal'nemal ol
' ns the region of interest by exciting the
c\elpcnts snpatcd over the region. The field is focused 0%1 I
region by introducing time delay in the excitation of tI:c
conAccmcd individual elements. so initially concave beam ii
cmmcd. Here a 16 clement lincar array transducer is dcsiznc&
using FIELD-II program as shown in the Fig.1, height width
and kerf of individual element are taken as 5 mm, 0.2 n‘1m and
0.02 mm respectively. The transducer is situated at the center
pf the coordinate system. The electronic focusing is
incorporated to achieve focal length of 30 mm from the center
of _transducer. For the above linear array transducer, an
excitation signal of two cycles of sinusoidal pulses is given in

Fig. 2(3). The impulse response pattern obtained for each
element is shown in Fig. 2(b).

tH{mmj

XimT;

Fig.! Design of linear array transducer (Height=5mm,
Width=0.25mm, Kerf=0.02mm)

For this specified linear array, acoustic field generated is
M,)ropagated through human body tissues and is observed at a

focal distance i.e. (0, 0, 30) whose plot is shown in Fig. 4. Fig.
4(a) shows the field generated while Fi% 4(b) shows the

_ pressure profile at focal distance. Similarly Fig.5 illustrates the ™

lateral beam pattern generated by the assumed linear array
ransducer. The other simulation parameters chosen are central

transducer frequency (10) =5 MHz, acoustic speed (c0)
=1540m’s
excitation pulse = 7.5 MHz, Number of cycle=5.

IV RESULT AND DISCUSSION

fractional bandwith 50%, center frequency of

SO

The calculation of the impulse response is facilitated by =

projecting the field point onto the plane of the aperture. In this
way. the problem became two-dimensional and the field point
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is given as a (x, y) coordinate set and a height z above the
plane. The spatial impulse response is. thus. determined bv the
relative length of the part of the arc that intersects the aperture.
Thereby it is the crossing ol the projected ultrasonic waves
with the edges of the aperture (hal determines the spatial
impulsc responses as a function of fime.

By using FIELD Il program werc created threc lincar arrays
with the same characteristics, but with different number of
clements: 16 clements, 32 clements and 64 clements.
Respectively. For the simulations the transducer center
frequency was sct to o= SMH=. The speed of sound in tissue
is ¢=fo = 1540m/s, which gives a wavelength of mm. The
sampling frequency used was /s = 100MHz. The elements had
a width and height of 0.25mm and 5mm respectively. The
focal-point was set to 30mm.

Then the normalized spatial impulsc response for this aperturc

was calculated and plotted by time. Figures 2. 3. 4 and 5

shows the normalized spatial impulse responsc. Transducer

Pressure field. Lateral beam plot and Transmitted Pressure

Field in the focal plan for 16 elements. Figures 6, 7, 8 and 9

shows the normalized spatial impulse response, Transducer

Pressurc field. Lateral beam plot and Transmitted Pressure

Field in the focal plan for 32 elements. Figures 10, [1. 12 and

13 shows the normalized spatial impulse response. Transducer

Pressure field. Lateral beam plot and Transmitted Pressure

Field in the focal plan for 64 elements.

Simulaled impulse response of a sngle els.: cal

ier e M e e e

o
~

normalized impulse response
°

05 0

tme microseconds

05

Fig. 2: Normalized impulse responsc of a single element.

TXPressure Field i the Focal Plac

lataral posimion mm

Fig. 3: Transducer Pressure field for 16 elements.
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Fig. 13: Transmitted Pressure Field in the focal plan for 64
clements,

V CONCLUSION

Ihe paper attempts to present a coherent analysis of the
focusing strategics for 2-D array transducer design and
properties, based on lincar acoustics. The delays on the
individual transducer clements and their relative weight or
apodization are changed continuously as a function of depth.
This yields near perfect focused images for all depths and has
increased the contrast in the displayced image, thus. benefitting

the diagnostic valuc of ultrasonic imaging. If the number of
clements in the array transducer is increased then the contrast
of detected image and pressure ficld gencrated across the
transduccr is increased. this will increase the diagnostic vuluc
of ultrasonic imaging.
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Simulation of Linear Array Transducer with Center Frequency 5 MHz
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ABSTRACT

Over the past decades, ultrasound imaging technology has satisfied outstanding improvement in
obtaining significant diagnostic information from patients in a fast, noninvasive approach.
Piezoelectric transducers are important elements of various broadband ultrasonic systems, either
pulse-echo or through-transmission. used for imaging and detection purposes [1]. In ultrasonic

broadband applications such as medical imaging, or non-destructive testing, piezoelectric

[ )

transducers should generate/receive ultrasonic signals with good efficiency over a large frequency
range. This implies the use of piezoelectric transducers with high sensitivity, broad bandwidth and
short-duration impulse responses. High sensitivity provides large signal amplitudes which
determine a good dynamic range for the system and the short duration of the received ultra-sonic
signal provides a good axial resolution. This paper presents the simulation of 8-element linear
array transducers with center frequency 10 MHZ, using Field-II GUI program for ultrasonic
measurements.
Keywords-Detected image, Field-I1 GUI, Linear array Transducer, medical imaging, TX/RX
Fields, TX/RX Axial slice, TX/RX lateral slice, Ultrasonic.

I INTRODUCTION

‘ " For the period of the second half of 20" current century the medical imaging is grown
through Ultrasound tool speedily. The part of novel technology is the use of computers to decide
problems by simulating theoretical models (Numerical simulations) that has taken place alongside
pure theory and experiment during the last few decades. These numerical simulations permit one
to resolve problems that may not be accessible to direct experimental study or too complex for

theoretical analysis. Computer simulations can link the gap between analysis and experiment [2].

More than the last half century much development has been made in medical device technology.
One particular medical technology that has enhanced speedily over the last 30 years is ultrasound.

This advancement in technology however has brought with it the rapid obsolescence of system
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L ibility to precisely predict
design. The accomplishment of modern electronics is built on the possibility to p nents
. ; ded to compo
system performance by the use of simulation tools. This model can be exten o

: ility to simulate
such as piezoclectric transducers attached to the clectronics [3]. The ability

i i imizations at system
piezoelectric transducer and electronics together renders possible efficient optim

level, i.e. minimizing size, price and power consumption [4].

ITSPATIAL IMPULSE THEORY
The pressure field generated by the aperture is found by the Rayleigh integral [5]

- n -
ovi(nt-——) (1) |

Where the field point is denoted by Z and the aperture by;; , is the velocity normal to the

transducer surface. Using the velocity potential, and assume that the surface velocity is uniform
over the aperture making it independent of Z » then: where the field point is denoted by 7 and
the aperture byr: » is the velocity normal to the transducer surface. Using the velocity potential,

and assume that the surface velocity is uniform over the aperture making it independent of f; "

then:

Fit 1 2 )
¥ (r, )=v, (t)*fz\,_c\__’ (2)
- 27 -1 %

Where * denotes convolution in time. The integral in this €quation

- ov
PGmp, 20,
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The im .

pulse response includes the excitation convolved with both the transducers electro-
mechanical j ;

nical impulse response in transmit and receive. The final signal for a collection of scatters

is calc :
ulated as a linear Sum over all signals from the different scatters [6-7].

TIISIMULATION OF LINEAR ARRAY TRANSDUCER
The linear array is the fundamenta| type of multi-element transducer and it scans the region of
interest by exciting the elements situated over the region. The field is focused on the region by
introducing time delay in the excitation of the concerned individual elements, so initially concave
beam is emitted. Here a Fig.1 shows general design format of 16 element linear array transducer
having height, width and kerf of individual element are taken as 5 mm, 0.2 mm and 0.02 mm

respectively. The transducers are situated at the center of the coordinate system. To achieve focal

®

length of 30 mm from the center of transducer the electronic focusing is included.

Fig. (1) Design format of linear array transducer (Height=5mm, Width=0.25mm,
Kerf=0.02mm)

In this paper a linear array transducer of 8 elements is simulated using FIELD-II program with
center frequencies 7.5MHz. For this specified linear array transducer, acoustic field generated is

propagated through human body tissues and is observed at a focal distance i.e. (0, 0, 30)
z IV RESULT AND DISCUSSION

The calculation of the impulse response is facilitated by projecting the field point onto the
plane of the aperture. In this way, the problem became two-dimensional and the field point is given
as a (x, y) coordinate set and a height z above the plane. The spatial impulse response is, thus,
determined by the relative length of the part of the arc that intersects the aperture [8]. Thereby it
is the crossing of the projected ultrasonic waves with the edges of the aperture that determines the
spatial impulse responses as a function of time. In this paper by using FIELD-II program created

a 32-element linear array transducer with center frequency fo =5MHz. The speed of sound in tissue

VOT.TIME R ISSTTE 6 2027 PAGE NO- 754




ISSN'NO ; (3¢5
GRADIVA REVIEW JOURNAL 80

ts had a wid
is c=f0 = 1540 m/s, The sampling frequency used was f5 = 100MHz. The elements had a width and

height of 0.25mm and Smm respectively. The focal-point was set to 30mm.

Table: 1 shows the parameters for 8 clement array transducer, excitation pulse and medium used,
for this center frequency (fo) used is 5 MHz While Figs. (a-m) shows; Element impulse response
for 8 element array, TX Field image for 8 element array, TX Axial waveform for 8 element array,
TX Lateral beam plot for 8 elemen array, TX/RX Field image for 8 element array, TX/RX Axia]
Wwaveform for 8 element array, TX/RX Lateral beam plot for 8 element array, K- space TX/RX

field image for 8 element array, K-space axial slice for 8 element array, K-space lateral slice for §

element array, Detected image for 8 element array, Detected image axial slice for 8 element array
and Detected image lateral slice for § element array. h

Simulated impulse response of a single element

A
{1

Torg Type
Niimber of Ansi Ports
OBL 1A Al Forts ()
@yﬁlﬁm‘m(ﬂ& "
Mmmuvm < I
Dit b Laters Pords apyyy 5
E;W.nm\fxm(ﬁ@% 0

08

\_J p!
e ———— 0.5
Sabe fienane testing

Table: 1
Transmitted Pressure Fleld in the Focal Plaie

o
nommalized impulse response
=

0.5
time, microseconds

Fig. (a) Element impulse response

o
lateral position, mm

Fig. (b) TX Field image
— ]

19, 20
20.5
time afer transmit, microseconds

Fig. (¢) Tx Axial waveform
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Fig. (f) TX/RX Axial waveform
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Fig. (f) TX/RX Lateral beam-plot
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Fig. (h) K space axial slice

Fig. (g) K space TX/RX field image
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this also increases the diagnostic status of ultrasonic imaging
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ABSTRACT

The systems for images processing in the medical field are very important calling for new
techniques, much more advanced and performing than they used to be, in order to provide a correct
analysis and diagnosis. Among the medical techniques using computer sciences, it can be
mentioned: scintigraphy, echography, tomography, radiography, quantitative microscopy, nuclear
magnetic resonance. Ultrasound, widely used in many areas of medicine, provides a safe and
efficient means for diagnosis and therapy. When the medium becomes complex solving the wave
‘propagation formula becomes virtually impossible. Modeling becomes much more complex inside
the body because the ultrasound propagation speed is different for each tissue and it is known that
tissues are not a homogeneous medium for ultrasound wave propagation. Therefore, it is important
to know how the ultrasound wavec is generated and the ultrasound wave beam shaped. This paper
represents the comparison of responses of 2-element 4-element linear array transducers

Key words: Ultrasonic, Linear array Transducer, Field-Il GUI, TX/RX Fields, detected image.

LINTRODUCTION

For the period of the second half of 20" current century the medical imaging is grown through
Ultrasound tool speedily. The part of novel technology is the use of computers to decide problems
by simulating theoretical models (Numerical simulations) that has taken place alongside pure
‘theory and experiment during the last few decades. These numerical simulations permit one to
resolve problems that may not bc accessible to direct experimental study or too complex for
theoretical analysis. Computer simulations can link the gap between analysis and experiment [1].
These numerical simulations have emerged as a new branch in science and technology
complementing both experiments and theory. A simulation can sometimes replace physical
experiments, even though most often a simulation and an experiment are complementary. The
results of scientific experiments are often explained by simulations and simulations are often
calibrated by experiments. The experiments provide input for the simulations, which are viewed

as experimenting with theoretical models. The feedback of numerical results into theoretical
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on with laboratory experiments and analytica] theory -

: i interacti . . .
podeling wnd contivues | the increased in computing power i both

. . ience. Consequently,
computing a vital tool for science. T Improved computer .
and storage has given computational electronics its significance. Imp P Capacity and

the solution algorithms themselves. have a big outcome On the excelLence (:f solution Obtaineq, A
numerical model can be used to understand measurements and o se.rv? 1ons en.large CXisting
analytical models into new paramcter regimes and quanmatlvel.y test existing theories tha can be
done by comparing model predictions to experimental information.

The mutual weak point of both experiment and theory is cover up by the Numerica)
simulations’ examination and experiment. A third dimension in ultrasonic measurements, of
equivalent status and significance to experiment and analysis is nothing but the simulation
determination [1]. It has taken an everlasting place in every one aspect of ultrasonic measurements '

from basic research to engineering design.

II SPECIAL IMPLUSE THEORY
The pressure field generated by the aperture is found by the Rayleigh integral [5]

i -7

~ ov, (. t-
PG =L fi\fds ()

2 -
5 n—n

‘Where the field point is denoted by 7 and the aperture byr—'; , 1s the velocity normal to the

transducer surface, Using the velocity potential, and assume th

over the aperture making it independent of ;2‘ .
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Where * denotes convolution in time. The integral in this equation

=
BCH SO o < ’ (3)Represent the spatial impulse

. 27r|r; —

response. The continuous wave ficld can be found from the Fourier transform of

* h(;l .0 4)

P GER

The impulse response includes the excitation convolved with both the transducers electro-
mechanical impulse response in transmit and receive. The final signal for a collection of scatters

is calculated as a linear sum over all signals from the different scatters [6-8].

II SIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the fundamental type of multi-element transducer and it scans the region of
interest by exciting the elements situated over the region. The field is focused on the region by
introducing time delay in the excitation of the concerned individual elements, so initially concave
beam is emitted. Here a Fig.1 shows general design format of 16 element linear array transducer
having height, width and kerf of individual element are taken as 5 mm, 0.2 mm and 0.02 mm
respectively. The transducers are situated at the center of the coordinate system. To achieve focal

length of 30 mm from the center of transducer the electronic focusing is included.

1 iz
2{mm) o b 2
.1,' .. wme™ ¥ i 9
3 e g

[0 e .

i) ' y{mm) h x({rmm)

Fig. (1) Design format of linear array transducer (Height=5mm, Width=0.25mm
Kerf=0.02mm) ’
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o : [ELD-II program with
In this paper a linear array transducer of 16 elements 1s simulated using F e ild gonersted i
i
center frequencies SMHz. For this specified linear array transducer, acoustic

i i.e. (0,0, 30)
propagated through human body tissues and is observed at a focal distance i.e. (

IV. RESULT AND DISCUSSION

The calculation of the impulse response is facilitated by projecting the field poi.nt <.)nt<? the
plane of the aperture. In this way, the problem became two-dimensional and the field pOll’lt.lS given
as a (x, y) coordinate set and a hcight z above the plane. The spatial impulse response is, thusf,
determined by the relative length of the part of the arc that intersects the aperture [8]. Thereby it
is the crossing of the projected ultrasonic waves with the edges of the aperture that determines the
spatial impulse responses as a function of time. In this paper by using FIELD-II program created
a 2-element and 4-element linear array transducer using field -IT GUI with center frequency fo =

SMHz. The speed of sound in tissue is ¢=f0 = 1540m/s, The sampling frequency used was fs=

100MHz. The elements had a width and height of 0.25mm and Smm respectively. The focal
‘was set to 30mm.

-point

Table: 1and Table: 2 shows the parameters for 2 element and 4-

element array transducer,
excitation pulse and medium used for this centre frequency (fo

) used is SMHz. Figs. (a-m) and figs.
(a’-m’) shows; Element impulse response for 2 and 4-elemen

tarrays, TX Field image for 2 and 4
element arrays, TX Axial waveform for 2 and 4 element arra
element arrays, TX/RX Field image for 2 and 4 element arra
4 element arrays, TX/RX Lateral beam plot for 2 and 4 el

image for 2 and 4 element arrays, K-

ys, TX Lateral beam plot for 2 and 4

ys, TX/RX Axial waveform for 2 and

ement arrays, K- space TX/RX field

space axial slice for 2 and 4 element arrays, K-space lateral W

slice for 2 and 4 element arrays, Detected image for 2 and 4 element arrays, Detecte

d image axial
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IV. RESULT AND DISCUSSION
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Fig. () Detected image axial slice

Fig.(m) Detected image lateral slice
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Compal‘ative Study of 4-Element and 8-Element Array Transducers at Center Frequency 5 MHz

Rodge S. A Rodge Amey’
Associate Professor, Dept. of Elcctronics Pursuing M.Sc. Physics from University of
Adarsha Science J.B.Arts and Birla Commerce Hyderabad
Mahavidyalaya, Email: amey.rodge@rodge

Dhamangaon Rly-444709 Maharashira (India)
Email: Suryakantc09@gmail com

ABSTRACT: Ultrasonic arrays are used in many applications including medical imaging. In this
specific case is important to achieve precise information about the magnitude and position of the
peak pressure, intensity, detected image and various pressure fields produced by the transducer
probe. This paper presents the study of responses of 4 element and 8 element linear arrays with
center frequency SMHz for ultrasonic measurements.
KEY WORDS: Detected Image, Field-IT GUI, Linear array transducer, TX/RX Pressure field.

I. INTRODUCTION

More than the last half century much development has been made in medical device technology. One
particular medical technology that has enhanced rapidly over the last 30 years is ultrasound. This
advancement in technology however has brought with it the rapid obsolescence of system design. The
achievement of modern electronics is built on the possibility to precisely predict system performance by
the use of simulation tools. This model can be extended to components such as piezoelectric transducers
attached to the electronics [1]. The capability to simulate both piezoelectric transducer and electronics
Jointly renders possible efficient optimizations at system level, i.e. minimizing size, price and power
.consumption [2].
II. SPATIAL IMPULSE THEORY
The pressure field generated by the aperture is found by the Rayleigh integral [5]

—_— —

h—h

v, (r,.t- )
p() _C dS (1)

2 =1,

s

p(n b=

Where the field point is denoted by ;1 and the aperture byrﬁ2 , is the velocity normal to the
transducer surface. Using the velocity potential, and assume that the surface velocity is uniform

over the aperture making it independent of 7, , then: where the field point is denoted by ~ and

the aperture by;z. , is the velocity normal to the transducer surface. Using the velocity potential,
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locity is uniform over the aperture making it independent of *
‘and assume that the surface velocity is
then:

a(t-,r'—:i) (2)
e e

Where * denotes convolution in time. The integral in this equation

|7 — =]
O(t- D)
7CH o= < =

< 275 — 7] l

Represent the spatia] impulse response. The continuous wave field can be found from the Fourier ’
transform of

PG D=p, GT(;) *h(5 ) @

is calculated as a linear sum over g signals from the different scatters [3-7].

II. SIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the fundamenta] type of multi-element tra

‘interest by exciting the elements situated over the region. The field is focused on the region by
introducing time delay i itati i

ividual elements, 5o Initially concave M
beam is emitted.
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In this paper a linear array transducer of 4-elements and 8-elements is simulated by using FIELD-
I Gui program with center frequencies SMHz. For these specified linear array transducers,
acoustic field generated is propagated through human body tissues and is observed at a focal
distance i.e. (0, 0, 30)
IV. RESULT AND DISCUSSION
The calculation of the impulse response is facilitated by projecting the field point onto the
plane of the aperture. In this way, the problem became two-dimensional and the field point is given

as a (x, y) coordinate set and a height z above the plane. The spatial impulse response is, thus,

determined by the relative length of the part of the arc that intersects the aperture [8]. Thereby it

is the crossing of the projected ultrasonic waves with the edges of the aperture that determines the
spatial impulse responses as a function of time. In this paper by using FIELD-II program simulated
4-element and 8-element linear array transducers with center frequency fo = 5MHz. The speed of
sound in tissue is c=f0 = 1540m/s. The sampling frequency used was fs = 100MHz. The elements
had a width and height of 0.25mm and Smm respectively. The focal-point was set to 30mm.

Table: 1 and Table: 2 shows the parameters for 4-element array transducer and 8-element array
transducer, excitation pulse and medium used for these center frequency (fo) used is 5 MHz Figs.
(a-m) shows; Element impulse response for 4-element array and figs. (a’~m’) Element impulse
response for 8-element array transducer, TX Field image, TX Axial waveform, TX Lateral beam
plot, TX/RX Field image, TX/RX Axial waveform, TX/RX Lateral beam plot, K- space TX/RX
‘field image, K-space axial slice, K-space lateral slice, Detected image, Detected image axial slice

and Detected image lateral slice for 4-element array transducers and 8-element array transducer.
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V. CONCLUSION

The paper attempts to present a coherent analysis of the focusing strategies for 2-D array transducer

design and properties, based on lincar acoustics. The delays on the individual transducer elements

and their relative weight or apodization are changed continuously as a function of depth. This

yields near perfect focused images for all depths. Similarly, if number of arrays in the transducer

are increased then contrast of displayed image, is increased thus, benefitting the diagnostic

importance of ultrasonic imaging. The detected image response for 8-element array has higher

contrast than 4-element array also the pressure filed generated by 8-element is high this increases

diagnostic value.
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Development of 16 Element linear array transducer Using Field-II
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Abstract:Piezoelectric transducers are significant elements of many broadband ultrasonic
systems, either pulse-echo or through-transmission, used for imaging and detection
purposes. In ultrasonic broadband applications such as medical imaging, or non-
destructive testing, piezoelectric transducers should generate/receive ultrasonic signals
‘ with good efficiency over a large frequency range. This implies the use of piezoelectric
transducers with high sensitivity, broad bandwidth and short-duration impulse responses.
High sensitivity provides large signal amplitudes which determine a good dynamic range
for the system and the short duration of the received ultra-sonic signal provides a good
axial resolution. This paper presents the simulation of linear array transducers for

ultrasonic measurements.

Keywords--Ultrasonic, Linear array Transducer, medical imaging, Field-II GUI, TX/RX
Fields, detected image, TX/RX Axial slice, TX/RX Axial slice.
I.INTRODUCTION

For the period of the second half of 20™ current century the medical imaging is grown through
‘ Ultrasound tool speedily. The part of novel technology is the use of computers to decide
problems by simulating theoretical models (Numerical simulations) that has taken place
alongside pure theory and experiment during the last few decades. These numerical simulations
permit one to resolve problems that may not be accessible to direct experimental study or 100

complex for theoretical analysis. Computer simulations can link the gap between analysis and

experiment [1].

These numerical simulations have emerged as a new branch in science and technology
complementing both experiments and theory. A simulation can sometimes replace physical

experiments, even though most often a simulation and an experiment are complementary. The
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results of scientific experiments are often explained by simulations and simulations are often

calibrated by experiments. The experiments provide input for the simulations, which are viewed

as experimenting with theoretical models. The feedback of numerical results into theoretical

modeling and continues interaction with laboratory experiments and analytical theory makes
computing a vital tool for science. Consequently the increased in computing power in both speed
and storage has given computational electronics its significance. Improved computer capacity
and the solution algorithms themselves, have a big outcome on the excellence of solution
obtained. A numerical model can be used to understand measurements and observations enlarge
existing analytical models into new parameter regimes and quantitatively test existing theories

that can be done by comparing model predictions to experimental information.

The mutual weak point of both experiment and theory is cover up by the numerical
simulations examination and experiment. A third dimension in ultrasonic measurements, of l ‘

equivalent status and significance to experiment and analysis is nothing but the simulation

determination [1]. It has taken an everlasting place in every one aspect of ultrasonic

measurements from basic research to engineering design.

A novel and potentially powerful tool is the computer experiment. One can resolve novel
and uncertain aspects of usual process, by combining predictable theory, experiment and \
computer simulation [1]. Such aspects could frequently neither have been understood nor reveled :

by analysis or experiments alone. |

One particular medical technology that has enhanced speedily over the last 30 years is Q .

More than the last half century much development has been made in medical device technology.

ultrasound. This advancement in tcchnology however has brought with it the rapid obsolescence
of system design. The accomplishment of modern electronics is built on the possibility to
precisely predict system performance by the use of simulation tools. This model can be extended
to components such as piezoelectric transducers attached to the electronics [2]. The ability to
simulate both piezoelectric transducer and electronics together renders possible efficient

optimizations at system level, i.e. minimizing size, price and power consumption [3].

The systems for images processing in the medical field are very important calling for new

techniques, much more superior and performing than they used to be, in order to provide a

Volume XI Issue VI JUNE 2022 Page No: 377
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acceptable analysis and diagnosis. Amongst the medical techniques using computer sCienees .

can be mentioned: scintigraphy, echography, tomography, radiography, quantitative microscopy:

nuclear magnetic resonance. Ultrasound, widely used in many areas of mediciné, provideS a
secure and efficient means for diagnosis and therapy. When the medium becomes complex
| solving the wave propagation formula becomes virtually not possible. Modeling becomes much
! more complex inside the body because the ultrasound propagation speed is different for each
tissue and it is known that tissues are not a homogeneous medium for ultrasound wave

propagation [4]. Therefore, it is important to know how the ultrasound wave is generated and the

ultrasound wave beam shaped.

I1. SPATIAL IMPULSE THEORY

‘ The pressure field generated by the aperture is found by the Rayleigh integral [5]

u u
o \r, - r2\
v P, ov,(r,.t- . ) (1
p(n »t)"z—;s \;l ~ ;_-z‘ —ds

w u
Where the field point is denoted by r, and the aperture byr, , is the velocity normal to the
transducer surface. Using the velocity potential, and assume that the surface velocity is uniform
u w
over the aperture making it independent of 7, then: where the field point is denoted by 7, and

u
the aperture by, , is the velocity normal to the transducer surface. Using the velocity potential,

u
and assume that the surface velocity is uniform over the aperture making it independent of r, ,

g then:

; \:, - 7~',|

u (t-+——")

¥ (r, )=v,(1)* j__”_\u—c——u—\— 2
. = I

* P
Where * denotes convolution in time. The integral in this equation

(3)Represent the spatial impulse

\ response. The continuous wave ficld can be found from the Fourier transform of
:
1
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u ov(t ¢ 4)
p(r, \1)=p, —‘:3(1_).”("' ot
e transducers electro-

- ith both th
The impulse response includes the excitation convolved with b

: : i or a collection of scatters
mechanical impulse response in transmit and receive. The final signal f

. | 6-7].
is calculated as a linear sum over all signals from the different scatters [6-7]

R
IILSIMULATION OF LINEAR ARRAY TRANSDUCE

i i he regi
The linear array is the fundamental type of multi-element transducer and it scans t gion of

. i on the region
interest by exciting the elements situated over the region. The field is focused gion by

introducing time delay in the cxcitation of the concerned individual elements, ?0 initially
concave beam is emitted. Here a Fig.1 shows general design format of 16 element linear array
transducer having height, width and kerf of individual element are taken as 5 mm, 0.2 mm and
0.02 mm respectively. The transducers are situated at the center of the coordinate system. To

achieve focal length of 30 mm from the center of transducer the electronic focusing is included.

Fig. (1) Design format of linear array transducer (Height=5mm, Width=0.25mm,
Kerf=0.02mm)

In this paper a linear array transducer of 16 elements is simulated using FIELD-II program with
center frequencies SMHz. For this specified linear array transducer, acoustic field generated is

propagated through human body tissues and is observed at a focal distance i.e. (0, 0, 30)

IV. RESULT AND DISCUSSION
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program created a 16 element lincar array transducer with center frequency fo = SMHz. The
speed of sound in tissue is c=/0 = 1540m/s, The sampling frequency used was fs = 100MHz. The

elements had a width and height of 0.25mm and 5mm respectively. The focal-point was set to
30mm.

Table: 1 shows the parameters for 16 element array transducer, excitation pulse and
medium used for this centre frequency (fo) used is SMHz. Figs. (a-m) shows; Element impulse
response for 16 element array, TX Field image for 16 element array, TX Axial waveform for 16
element array, TX Lateral beam plot for 16 element array, TX/RX Field image for 16 element
array, TX/RX Axial waveform for 16 element array, TX/RX Lateral beam plot for 16 element
array, K- space TX/RX field image for 16 element array, K-space axial slice for 16 element
array, K-space lateral slice for 16 clement array, Detected image for 16 element array, Detected

image axial slice for 16 element array and Detected image lateral slice for 16 element array.

image axial slice for 16 element array and Detected image lateral slice for 16 element
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V.CONCLUSION

The paper '
paper attempts to present a coherent analysis of the focusing strategies for 2-D array

transducer design and properties. based on linear acoustics. The delays on the individual

transd i : i
ucer elements and their relative weight or apodization are changed continuously as 2

function of depth. This yields near perfect focused images for all depths. Similarly if number

a 1 . .
rrays in the transducer are incrcased then contrast of displayed image, has increased thus,

benefitting the diagnostic importance of ultrasonic imaging.
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ABSTRACT

Over the past decades, ultrasound imaging technology has satisfied outstanding improvel.nent in obtaining
significant diagnostic information from patients in a fast, noninvasive approach. Piezoelectric tranfdl.lcers are
important elements of various broadband ultrasonic systems, either pulse-echo or throug'h-tr'ansplsslon, used
for imaging and detection purposes|[1]. In ultrasonic broadband applications such as m?dlcal imaging, or non-
destructive testing, piezoelectric transducers should generate/receive ultrasonic signals v'w'th' good efficiency over
a large frequency range. This implies the use of piezoelectric transducers with high sensmw‘ty, broad l?andmdth
and short-duration impulse responses.High sensitivity provides large signal amplitudes which c.'letermme a gof)d
dynamic range for the system and the short duration of the received ultra-sonic signal provides a good axial
resolution. This paper presents the simulation of 8-element linear array transducers with center frequency 10
MHZ, using Field-II GUI program for ultrasonic measurements.

Keywords-Detected image, Field-Il GUI, Linear array Transducer, medical imaging, TX/RX Fields, TX/RX
Axial slice, TX/RX lateral slice, Ultrasonic.

INTRODUCTION

For the period of the second half of 20" current century the medical imaging is grown through Ultrasound tool speedily.
The part of novel technology is the use of computers to decide problems by simulating theoretical models (Numerical
simulations) that has taken place alongsidc pure theory and experiment during the last few decades. These numerical
simulations permit one to resolve problems that may not be accessible to direct experimental study or too complex for
theoretical analysis. Computer simulations can link the gap between analysis and experiment [2].

More than the last half century much development has been made in medical device technology. One particular medical
technology that has enhanced speedily over the last 30 years is ultrasound. This advancement in technology however
has brought with it the rapid obsolescence of system design. The accomplishment of modern electronics is built on the
possibility to precisely predict system performance by the use of simulation tools. This model can be extended to
components such as piezoelectric transducers attached to the electronics [3]. The ability to simulate both piezoelectric
transducer and electronics together renders possible efficient optimizations at system level, i.e. minimizing size, price
and power consumption [4]. ’

SPATIAL IMPULSE THEORY

The pressure field generated by the aperture is found by the Rayleigh integral [5)
- |rn—-n
ov, (r,.t- L—Zl)
—_ _ ﬁ(}_ n\"2
IIGIR) 2”! —— s )

rl_"zl
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Where the field point is denoted by E and the aperture by 7, , is the velocity normal to the transducer surface, Using
the velocity potential, and assume that the surface velocity is uniform over the aperture making it independent of T

then: where the field point is denoted by I—I and the aperture by 7, , is the velocity normal to th('-: tre?nfducer surface,
Using the velocity potential, and assume that the surface velocity is uniform over the aperture making it independent of

r, , then:
n—r
_ 6(1:— M ) (2)
¥ )=y, ()| =
P lr, —7
Where * denotes convolution in time. The integral in this equation
5 =]
_ o t———)
A(r .t)=_|’ - S €))
s 272_ I’i - 7"2 l
Represent the spatial impulse response. The continuous wave field can be found from the Fourier transform of
PG 0=p, D5 o @

The impulse response includes the excitation convolved with both the transducers electro-mechanical im.pulse response
in transmit and receive. The final signal for a collection of scatters is calculated as a linear sum over all signals from the
different scatters [6-7].

SIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the fundamental type of multi-element transducer and it scans the region of interest by exciting the
elements situated over the region. The field is focused on the region by introducing time delay in the excitation of the
concerned individual elements, so initially concave beam is emitted. Here a Fig.1 shows general design format of 16
element linear array transducer having height, width and kerf of individual element are taken as S mm, 0.2 mm and 0.02
mm respectively. The transducers are situated at the center of the coordinate system. To achieve focal length of 30 mm
from the center of transducer the electronic focusing is included.

5 y{mm) : v x(mm)
x(mm)

Fig. (1) Design format of linear array transducer (Height=5mm, Width=0.25mm, Kerf=0.02mm)

7.5MHz. For this specified linear array transducer, acoustic field generated is prop.
and is observed at a focal distance i.e. (0,0.30)

RESULT AND DISCUSSION

The calculation of the impulse response is facilitated by projectin, i

¢ S g the field point i
way, the prob]em b.ecame two-dimensional and the field point is given as a (xp ;?cc()):;g‘the g oy it o
plane. The spatial impulse response is, thus. determined by the relati t ate setand a he‘g‘?‘ 2 sbhapsihe
aperture [8]. Thereby it is the crossing of the projected ultrasonic waves with the ed o eareriiat mtersects' =
the spatial impulse responses as a function of time. In 8¢s of the aperture that determines

this paper by using FJ X
array transducer with center frequency fo = 10MHz. The speed )cl)f sofnd liEnLt[i)s-sllle zzgga;]ocre?tef dstleclemnd hrlliear
/U = 1540m/s, The sampling
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frequency used was fs = 100MH:
, . The ele - :
point was set 1o 30mm. 2. The elements had a width and height of 0.25mm and Smm respectively. The focal-

Table: 1 shows the param . o
frequency (f5) useﬂ:leis 75 J:ZTSF::: fa;‘:)”?;m a.rréy transc_iucer, excitation pulse and medium used, for this centre
liroei sevay. TR Aosal wAGeRD f ! -|'\ ows; Element impulse response for 8 element array, TX Field ir.nage. for 8
for 8 element array. TX/RX Axi or8e ement array, TX Lateral beam plot for 8 element array, TX/RX Field image
ace TX/RX Ys ial waveform for 8 element array, TX/RX Lateral beam plot for 8 element array, K-
space field image for 8 element array, K-space axial slice for 8 element array, K-space lateral slice for 8
element array, Detected image for 8 element array, Detected image axial slice for 8 element array and Detected image

lateral slice for 8 element array.

Lout | ‘Simulated impulse response of a single elemen
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Table: 1 Fig. (a) Element impulse response
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has increased the co i i i
ntrast in the displayed image, thus, benefitting the diagnostic importance of ultrasonic imaging.If

the Cenlel ﬁequen(:y a"d llutllbel of elelllt‘m\. n “ansduce' 1S 1InCr eaSEd

().
12).

3).
(4].

(5.
[6).

[7].

[8].
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Design of Hybrid Mode] of Ultrasonic Transducer

S. A. Rodge

Department of Electronics

Adarsha Science J.B. Aps apis Birla Commerce Mahavidyalaya, Dhamangaon Rly-444709

ABSTRACT: Newly,

; » ultrasound hecomes
improve the health services eith

reliable transducey o comply w

projecting in several applications especially in medical field to
er for diagnostic. The advent of ultrasound applications raises the need of
ther Py i’h Ihq/ purpose. As polymer material being popular in medica( ultrasound,

¢ are C’?ances to combine it with former piezoelectric ceramic material in designing diagnostic transducer
fo get hybrid characteristics r equired [or multi-frequency application. In this work, SPICE model of ceramic-
polymer piezoelectric has been descrihed. Wih signal conditioner circuit, complete analog system for
ultrasound has also been developed. Initially transducer test for ceramic and polymer model were generated. By
filtering and amplifying fi equency rangc from | MHsz until 10 MHz, the system bargains wideband medical
ultrasonic acceptance. It gives smooth result of ultrasound signal for medical purposes.

KEY WORDS: Piezoelectric transducer. SPICE model, Hybrid transducer model

Introduction

Ultrasonic sensing techniques have become mature and are extensively used in the numerous fields of
engineering and basic science. Actually, many types of conventional ultrasonic instruments, devices and
sophisticated software are commercialized and used for both industrial and medical applications. One of
advantages of ultrasonic sensing is its outstanding capability to probe inside objectives nondestructively because
ultrasound can propagate through any kinds of media including solids, liquids and gases except vacuum. In
typical ultrasonic sensing the ultrasonic waves are travelling in a medium and often focused on evaluating
objects so that a useful information on (he interaction of ultrasonic energy with the objects are acquired as
ultrasonic signals that are the waveforms variations with transit time. Such ultrasonic data provides the
fundamental basis for describing the outputs of ultrasonic sensing and evaluating systems. In this work, SPICE
model of ceramic-polymer piezoelectric has been described. With signal conditioner circuit, complete analog
system for ultrasound has also been developed. Initially transducer test for ceramic and polymer model were
generated. By filtering and amplifying frequency range from 1 MHz until 10 MHz, the system offers wideband
medical ultrasonic acceptance. It gives smooth result of ultrasound signal for medical purposes.

Model of Piezoelectric transducer

The model developed for piezoelectric transducer is shown in fig.1. The block T, represents the transmission
line. Independent sources V, and V- arc sero value sources, which are used as ammeters in the circuit. F; and

F; are dependent current sources. The value of F; is given by F; =h Cy x I(V);), where I(V}) is the current
‘ through V. The voltage across the dependent voltage source E; is given by E; = V(4), where V(4) is the voltage
at node 4 i.e. the voltage across C;. The dependent current source F> which charges C; is given by F, =
xI(V;), where I(V>) is the current through /> and 4 is the ratio of the piezoelectric stress constant in the direction
of propagation and the permittivity with constant strain . Resistor R, is included to prevent node 4 from being a
floating node. From the mechanical sidc (i.c. transmission line T1), the difference between the velocity of each
surface normal to the propagation path, represented by the currents u; and uz controls the current source F;. The
node labels E, B and F, respectively, denote the electrical, back, and front ports.

Ulq s

Fig. 1 Model of a piezoelectric transducer
MODEL OF PZT 5A- PVDF HYBRID TRANSDUCER
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Fig. 2 : Hybrid Transdlfcer though in this model lossy
Fig. 2 shows series configuration of two material’s equivalent m(l)dcctl:c ;\rL congsidere d, it must be takey
cha;acteﬁstics (mechanical, dielectric, and clectromechanical) of plc20? ceeramic ey
to note that polymer material has complex additional losses than those o

. 17, [2], [3], and [6] was
The piezoelectric material PZT-5A and PVDF whose material data was obtained from [1], [2], [

chosen and given in table |

°oC
TABLE 1. PHYSICAL PROPERTIES OF TRANSDUCERS AT 25

Physical properties at PZT-5A PVDF
S.No ZSoC
1 Density (p) (kg/m’) 7750 [3] 1780 [2]
2 Mechanical Q (Qu) 75 (3] 19 [6]
3 Sound velocity (c) (m/s) 4350 [3] 2200 [2]
Permitivity with constant 35 %107 3] 55.78 x 10”
) 7.35 x10"
. strain (+*) (C2/Nm? [6]
Piezoclectric stress
58(3 0.16 [6]
. constant (**) (C/m? L
Acoustic Impedance 3 2772
6 (MRasl 33.7(3] []6
d31=23
Piezoelectric Constant d=374[1] d32-4 [ES]]
2 2 dis=584 1]
(10" Cm) 13 d33=-33 [6]
8 Coupling factor (K1) 0.66 [3] 0.2 [6]
Assisted with the definition of the Jow loss characteristic Impedances equation, following relationships can be !
obtained i
L=4.p (1) |
1 ,
= 2
Apc? |
R=2pcda 3) |
2a, w
= )
pPcA
Mechanically, a transmission |

selected to achiey

e the desired center fre
has a fundamenta

| resonant frequency as

quency f(Hz) of the

1¢ T of length /en (m) represents the

S acoustical layer, The length is
transducer. With fixed ends, the piezoelectric plate

o(T)
f==== O]
2-len
Where ¢(7) is the velocity of sound throy

lculated. The mee
elation betwee,

ol
T)=%~
0,(T) T
In the electrical section, the statjc capacit
&(T)- 4
CyTy=2 1004

len 10
A(T) (CYNm?) is the permittivity i constant strajn

(6)

ance Co (T) at temperature T jg calculated ag

where ¢
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at temperature T [3]. The latter is related to the
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permittivity with constant stress (free) e' as:
. st
s (T) _ 1

& (T) 1-k*(T) i
Where k (T) is the piezoelectric coupling constant at temperature T.

mechani Tllle‘ mechanical and. cl_cclricnl sections interact with two current controlled sources. Frorp the
anical side, the deformation itself is not measurable, but the current representing the rate of deformation s
e dlfferer?ce between the velocity of cach surface normal to the propagation path, represented by the currents
u) and uy, is the rate of deformation. This current (uy - uz) controls the current source F. It has a gain equal to
the product of the transmitting constant /1 (N/C), and the capacitance Co. h is the ratio of the piezoelectric stress

cqnstant e (C/m?) in the direction of propagation and the permittivity with zero or constant strain €. In the
thickness mode it is [3].

33
h(T) = e (M
e'(T)
This source’s output is in parallel with the capacitor Co(T). The result is a potential difference across the
capacitor that is proportional to the deformation. In the electrical section, the current through the capacitor Co(T)
controls the current source Fa. The gain for this second current source is 4(T). Its output needs to be integrated
to obtain the total charge on the elcctrodes that proportionally deforms the transducer. The integration is
performed by the capacitor C). The voltage controlled voltage source E, with unity gain is a one-way isolation
for the integrator.

To evaluate the model, the model parameters of PZT-5A and PVDF transducers were calculated using equations
(1,2,3,5,6,7,9) and given in table 2.

(&)

TABLE 2 MODEL PARAMETERS OF TRANSDUCERS

S.No. | Model parameters PZT-5A PVDF
Physical parameters

1 Diameter (mm) 12.7 12.5

Cross sectional area (A) (m?) 0.0001267 0.0001227
3 Center frequency (MHz) 5MHz 5SMHz

Equivalent lossy transmission line parameters
( Mechanical section)

4 C 53.8nF 945.8nF
5 R 411kQ 361.18 kQ
6 L 98 1mH 218 mH
7 G 0 0
8 len 435pum 220 um

Electrical section parameter
9 [ Static capacitance Co 2.14nF 31.14nF

Controlled sources parameter

10 Transmitting constant (h) (N/C) 2.15% 10° 2.87 x 10°
11 Current source gain (F2) 2.15x 10° 2.87 x 10°
12 Dependant current source gain (Fi ) 4.60 0.09
13 Voltage control voltage source gain 1 1

(E)
14 Ry 1 KQ 1 KQ
15 Ci 1F IF

SIMULATION SETUP FOR ULTRASONIC SYSTEM
The analogous simulation schematic sctup is described in figure 3, with the transducer sub circuit shown in
figure 1. In this schematic an ultrasonic probe with acoustic matching layer is symbolized by the two three-port
blocks X1 and X2, which involve established PSPICE piezoelectric model. The measuring cell is modeled using
lossy transmission line.
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Fig.3 : Simulation setup Schematic for ultrasonic test system.
RESULT AND DISCUSSION . o
Transient analysis of the transducer modcl was done with the configuration shown in ﬁgur_e 4. An oscnllaugn
was observed after excitation of the piczoclectric crystal. The received signal was compared in the time domain,

(Fig. 5,6, 7)

D1N4148 Piezoelectric Tansducer

e | Y

B
Rb%lk
0

Fig. 4: Simulation setup for analysis of transient behavior of transducers. w

Certain polymer characteristic losses are neglected to simplify the preliminary design at this stage. Fig. 6 shows
the transient response of series configuration model.

L T T T d
0= 0.5us 1.0us 1.S5us 2.0us

Fig 5 : Transient response of PZT-5A piezoelectric Transducer.
40V

.
) &

—a0v t
Oa 2.5us 5.0ua

Time

Fig 6: Transient response of PVDF Transducer

20V
Jip b
av & =g
-20U- ! —
os Sus 10us

Time
Fig. 7: Transient response of ceramic-polymer piezoelectric transducer (PZT-5A+PVDF) for
multi-frequency ultrasonic system
Fig. 8 shows frequency response of transducer. AC analysis was conducted to observe frequency behavior from
1 MHz to 10 MHz. There are three peaks of power spectrums: at 2.8 MHz, 5.5 MHz, and 8 MHz. The last
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spectrum is hi
P ishigher than another, but for overall dB, bandwidth from 2.5 MHz to 8.5 MHz is considered flat,

awy '_"' ' —4—-<>—»—>—\l o
L /
v i | ) /ﬂ
!
, \\ M
| M-
m'un:{:‘vvl .'"'v'” B T T

)
Frequency

o Fig. 8: Frequency response of Transducer
Electrical impedance of transducer was observed as in Fig.9. It gives turning point at about | MHz.

1 0 T
i
0 fi = B
\ 4
© e e 4y
\
©.ax L}
0.2
o —|—
oz

Fig. 9: Electrical Impedance of Transducer
Experimental validation for water sample is shown in fig. 10

100V

=100mv+—
0s Sus 10us 15us

Time
D Fig. 10: Complete transient received by SMHz ceramic-polymer piezoelectric transducer (PZT-
5A+PVDF) for multi-frequency ultrasonic system at 25°C in distilled water at d= 1 cm.

CONCLUSION
A model of ceramic-polymer piezoelectric has been described. Simulation level shows that by hybridization,
characteristics of both materials are proy iding a satisfying performance for‘ multi-frequency transduce{" Future
" work would be in detailed design which includes matching elemgnt, backing and lqading consideration, also
single or array configuration. Furthermore, the model could be improved so that it would be prepared for
fabrication of hybrid multi-frequency ultrasound transducer.

REFERENCES:
[ Berlincourt D., Krueger H.A., and Near C. Important Properties of Morgan Electroceramics, Morgan Electroceramics, Technical
., 2001, TP-226.

;umb . ZI.F JEEE Trans Ultrason Ferroclcct Freq Contr. 2000;47:1377
2 Kii GS' Acoustic Waves: Devices, Imuging, and Analog Signal Processing. Englewood cliffs, N.J: Prentice-Hall, 1988. 601.
[3] M”torat. 6 % Ulirasonic Transducer Materials, Plenum Press, London, New York, 1971. 102-105.
;;]] P:ml'lﬂ A )-I'auplmﬂml P, Lucklum R.. Krause O. and Henning B., IEEE Trans. Ultrason., Ferroelect., Freq. Contr., 44, 1997,

" ff’oefflﬂ John G Mechanical Variables Vcasurement - Solid, Fluid, and Thermal, CRC Press, 1999, Page 7-49.

/ H

VOLUME 8 ISSUE 6 2022 PAGE NO: 158



11’17/22 1

* 11135 an VOLUME 8 ISSUE 9 2022
GAij%K)r Semi-s mmetric Metric Connection In A Riemannian Manifold (gallery/9.gri% 204044.pdf)
1% | W JOURNAL
A Momué,\wa;'};ullz AHRRE V I E RIGEERTEOSSs
"BOBuIR|
DOT:1q :/ /ORIVE.GOOGLEC
K i ]0-37897.GRJ.2022.V8I8.22.5027(l : [HTTPU;,W)
3z} . 0. CORYRIGHTFORY
gfrifanir)g heallaBiar, Baogits i bl 11 aneRanersfre -
pséa?(alfs:ini, K. Reega.R ,Aarthi.N (HTTPS://DRIVEGOOGLEC
r “ommbatore
AUPhOtnms(&;a"%;(glﬁe for women, Coimb.tore ) FEGl:sS:-RiHTA'.N;NG)
Doli10.37897.GRJ.2022.V818.22.5027l E '
P (HTTPS//DRIVE. GOOGLEC
o BN 519066 O LM BABRIABH 159041 EBOBRY M AT e wr
VI 11805 % 204034, i)

hii USP=SHARING)
UinRamesh pT

S
SD%ESMES%MQM%W/)

DOI: 10.37897.GRJ.2022.\/818.22‘50272

Editgrial

1 TV - S :
oy ?e?eﬂ'reg mqbtgel;r‘gr}l li?egrdarlfx(;k )FransducerSS MHz (gallery/ 12.grj% 204057.pdf) /
" Rodges. A

Adarsha Science J.B.Arts and Birla Commerce Mahavidyalaya Maharashtra (India)
Conigelitaniact
DOI: 10.37897.GRJ.2022.V 818.22.50273

d'-Effect Of Cutting Fluids On Surface Roughness On Machining Of All12si Alloy (gallery/ 13.grj% 203967.pdf)

Y

Anil Waghmode,Sanjay Pawar,Sahebagouda Sanganagoudar

Fabtech Technical Campus College of Engincering and Research Sangola
PAGE NO: 139-147

DOI: 10.37897.GRJ.2022.V 818.22.50274

14.Influence of PVD Coated Tools on surface roughness of Al alloy during the wet machining process (gallery/14.grj% 204038.pdf)
Dattatray Narale,Sanjay Pawar,Sahebagouda Sanganagoudar

Fabtech Technical Campus College of Enginecring and Research Sangola
PAGE NO: 148-156

DO1:10.37897.GRJ.2022.V 818.22.50275

15.Development and Validation of UV Spectrophotometric Method for Routine Estimation of Neem seed oil in Bulk and

Cosmeceutical Formulation - A Quality by Design (QbD) Approach (gallery/15.grj% 204064.pdf)
B.P. Manjula,V.G. Joshi,R.S. Siddam Setty,M. Geetha

Rajiv Gandhi University f Health Sciences, Benuvaluru-560027, Karnataka, India
PAGE NO: 157-166

DOI:10.37897.GRJ.2022.V 818.22.50276

16.Wireless Charging Of Elecrtic Vehicles Using Solar Energy (gallery/16.grj% 204062.pdf)
Dr B.G.Sujatha,Aruna.Y.V

i- Cambridge Institute Of Technology, Bengaluru. India

PAGE NO: 167-172
DOI:10.37897.GRJ.2022.V 818.22.50277

17.Visualization of Nerves, Blood Vessels and Hair I°ollicles in Human Skin Model (gallery/17.grj% 204067.pdf)
Dr.Jayasudha K
Atria Institute of Technology, VTU, Bangalorc
Dr.Mohan K.G
Gitam University, Bangalore
PAGE NO: 173-178
DOI:10.37897.GRJ.2022.V 818.22.50278

18.An Ensemble Prediction Technique and Comp
(gallery/18.grj% 204068.pdf)

Veena Kumari HM

VTU, Belagavi

Dr. SureshD S

Channabasaveshwara Institute of Technology. (;ubbi Tumkur, India

PAGE NO: 179-188

DOI:10.37897.GRJ.2022.V 818.22.50279

arative Analysis on Cardiovascular Disease using Multiple Classifiers

19.Closed Loop Supply Chain and Work Capital M:n
(gallery/ 19.gri% 204069.pdf)
Divya D,Dr. Arunkumar O.N
Symbiosis International University (Deemed U niversity), Bangalore
PAGE NO: 189-243

w ramA/OL L IMF-R-ISSIIF-Q-2022/

agement Efficiency: A Review to Explore the Future Directions

aradivarevie!

217




GRap _l

v
ARBVIEW JoURNAL ISSN NO : 0363-8

Analysis of 4 element and 16 element linear array TransducersS MHz I

Rodge S. A.'
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ABSTRACT: Ultrasonic arrays arc used in numerous applications including medical imaging. In
this specific case is imperative to achicve precise information about the magnitude and position of
the peak pressure, intensity, detected image and various pressure fields produced by the transducer
probe. This paper presents the analysis of 4-¢lement and 16-clement linear arrays with center
frequency SMHz for ultrasonic mcasurements. |

“ KEY WORDS: Detected Image, Ficld-11 GUI, Linear array transducer, TX/RX Pressure field.

| I. INTRODUCTION

More than the last half century widcly development has been made in medical device technology. One
particular medical technology that has improved rapidly over the last 30 years is ultrasound. This
development in technology however has brought with it the rapid obsolescence of system design. The
achievement of modern electronics is built on the possibility to precisely predict system performance by
the use of simulation tools. This model can be extended to components such as piezoelectric transducers
attached to the electronics [1]. The capability to simulate both piezoelectric transducer and electronics
jointly renders possible efficient optimizations at system level, i.e., minimizing size, price and power
consumption [2].
II. SPATIAL IMPULSE THEORY

The pressure field generated by the aperture is found by the Rayleigh integral [5]

Irl—rZ

oy p avn (;Z.'t- ) f‘
_ Fo C 1
p(rl ,t)_ 207 I |—- — ds (1) |

h—n

5

‘Where the field point is denoted by r—', and the aperture by:2 , 1s the velocity normal to the
transducer surface. Using the velocity potential, and assume that the surface velocity is uniform

over the aperture making it independent of 72 , then: where the field point is denoted by 71 and
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the aperture by, , is the velocity normal to the transducer surface. Using the velocity potentia],

. ing it independent of .
and assume that the surface velocity is uniform over the aperture making it indep .

then:

= :

_ o(t- ) 2) 3

¥ (n, ,t>=v,<r)*I—[——|—2” == ;
. 1 2 .

“Where * denotes convolution in time. The integral in this equation

O (t-
h(r, ,t)= e : 3)
. 2z lr, i rzl

Represent the spatial impulse response. The continuous wave field can be found from the Fourier
transform of

a‘;(,t) £ h(r t) @)
-

p(r H=p,

The impulse response includes the excitation convolved with both the transducers electro-
mechanical impulse response in transmit and receive. The final signal for a collection of scatters
is calculated as a linear sum over all signals from the different scatters [3-7].

III. SIMULATION OF LINEAR ARRAY TRANSDUCER

The linear array is the fundamental type of multi-element transducer and it scans the region of u
interest by exciting the elements situated over the region. The field is focused on the region by

tation of the concerned individual clements, so initially concave
beam is emitted.

MMotuis Cannantion Tn A Riemannian Manifold (gallery/9.gri% 204044.pdf)

Here a Fig.1 shows general design format of 16 element linear array transducer having height,

entare taken as 5 mm, 0.2 mm and 0,02 mm respectively. The
transducers are situated at the center of the coordinate s

width and kerf of individual elem

ystem. To achieve focal length of 30 mm

from the center of transducer the ¢lectronic focusing is included
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x|mm) ; : yimm) = x(mm)

In this paper a linear array transduccr of 4-elements and 16-elements is simulated by using FIELD-
I1 GUI program with center frequencies SMHz. For these specified linear array transducers,
acoustic field generated is propagated through human body tissues and is observed at a focal
distance i.e. (0, 0, 30)
“ IV. RESULT AND DISCUSSION

The calculation of the impulse response is eased by projecting the field point onto the plane
of the aperture. In this way, the problem became two-dimensional and the field point is given as a

(X, y) coordinate set and a height z above the plane. The spatial impulse response is, thus,

determined by the relative length of the part of the arc that intersects the aperture [8]. Thereby it
is the crossing of the projected ultrasonic waves with the edges of the apehure that determines the
spatial impulse responses as a function of time. In this paper by using FIELD-II program simulated
4-¢lement and 16-element linear array transducers with center frequency fo = 5MHz. The speed of
sound in tissue is c=/f0 = 1540m/s. The sampling frequency used was fs = 100MHz. The elements
had a width and height of 0.25mm and 5mm respectively. The focal-point was set to 30mm.

Table: 1 and Table: 2 shows the parameters for 4-element and 16-element linear array transducers
respectively, excitation pulse and medium used for this center frequency (f0) used is 5 MHz. Figs.
.(a-m) shows; element impulse rcsponses for 4-clement array and figs. (a’-m’) shows; element
impulse responses for 16-element array transducer (i.e. TX Field image, TX Axial waveform, TX
Lateral beam plot, TX/RX Field image, TX/RX Axial waveform, TX/RX Lateral beam plot, K-
space TX/RX field image, K-space axial slice, K-space lateral slice, Detected image, Detected

image axial slice and Detected image lateral slice).
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V. CONCLUSION
The paper attempts to present a coherent analysis of the focusing strategies for 2-D array transducer
design and properties, based on linear acoustics. The delays on the individual transducer elements
and their relative weight or apodization are changed continuously as a function of depth. This
yields near perfect focused images for all depths. Similarly, if number of arrays in the transducer
are increased then contrast of displayed image, is increased thus, benefitting the diagnostic
a importance of ultrasonic imaging. The detected image response for 16-element array has higher

contrast than 4-element array also the pressure filed generated by 16-element is high this increases
diagnostic value,
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lonic liquid (IL)/solid interfaces are relevant to a broad range of physicochemical phenomena and technological processes such as catalysis,
corrosion, electrochemistry, and lubrication. Hence, understanding the effect of substrate surface nature on the interfacial properties has a
significant impact on improving technological processes in which interfacial properties are dominant. In this work, we investigated interfacial
structures between 1-butyl-3-methylimidazolium hexafluorophosphate (BMI-PFg) IL and KBr crystal surfaces by frequency modulation atomic force
microscopy utilizing a quartz tuning fork sensor. KBr(100) and (111) surfaces were used as the substrates, where the (100) surface is electrically
neutral, and the (111) surface is highly charged. We investigated the influence of surface charge on their surface structures and interfacial solvation
structures by atomic-scale topographic imaging and frequency shift versus distance curve measurement. The behavior of IL at these two interfaces
was found to be significantly different due to these different surface properties. © 2022 The Japan Society of Applied Physics

1. Introduction

A new class of ionic salts, ionic liquids (ILs), have been
proven to possess considerable potential in electrochemistry,
catalysis, solar cell, lubrication applications and also used as
green alternative solvents to organic solvents.'™
Furthermore, they exhibit several advantages over conven-
tional solvents because they have remarkable properties such
as high thermal and chemical stability, low vapor pressure,
and high ionic conductivity.”’ Therefore, ILs have attracted
great interest in the scientific community. In general, when a
liquid is in contact with a solid substrate, the properties of the
liquid at the interface are different from those of the bulk
liquid.” The interfaces between the solids and ILs play a
crucial role for some of the applications mentioned above. To
enhance the efficiency and selectivity of a particular process,
detailed knowledge of the solid/IL interface at the molecular
level is required for not only a fundamental understanding
point of view but also the industrial applications.

Numerous approaches, such as X-ray reflectivity, reso-
nance shear measurements, neutron reﬂectometry, sum-fre-
quency generation spectroscopy, and scanning probe micro-
scopy, including scanning tunneling microscopy and atomic
force microscopy (AFM), have been applied to study the IL/
solid interfaces.*'" In particular, AFM is capable of
investigating the density distribution of ions composing the
IL near the substrate by AFM-based force curve measure-
ment, which revealed the existence of layered structure of
ILs, so-called solvation layers.l 1-15) However, there is limited
knowledge regarding the interfacial structure between ILs/
solid and the effects of the nature of solid substrates on the
formation of solvation layers. Thus, this subject still has a
demand for discussion.

Frequency modulation (FM) AFM, where an AFM force
sensor vibrates at its resonance frequency and the force acting
to the sensor is detected as its resonance frequency shift (Af),
has a higher resolution imaging capability than the classical
AFM mentioned above. Thus, it is gaining particular interest
to achieve true atomic-resolution imaging on various
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materials in different environmental conditions such as in
vacuum, ambient conditions, and in liquids.m*lg) It can also
characterize the density distribution of liquid molecules on
liquid/solid interfaces, and the presence of solvation layers,
has been revealed.”’ > These studies revealed that the FM-
AFM technique significantly impacts various research fields
like surface science and nanotechnology. However, FM-
AFM imaging of the substrates and interfaces in ILs is
considered more difficult than in other types of liquid because
the quality factor (Q) of the force sensors (Si cantilevers are
widely used in FM-AFM) is heavily suppressed due to the
high viscosity of ILs. Yokota et al. decreased the sensor noise
in FM-AFM by improving the optical beam deflection system
and achieved molecular-resolution imaging in IL using a Si
cantilever.'” In contrast, Ichii et al. took another approach; a
quartz tuning fork with a sharpened metal probe, the so-
called gPlus sensor, was used as a force sensor. Just a tip
apex was immersed into the IL to keep the Q factor high, and
atomic/molecular-resolution  imaging was successfully
achieved.”***

Ichii et al. also demonstrated the atomic-resolution ima-
ging and structural analysis of an interface between a KCl
(100) surface and 1-butyl-1-methylpyrrolidinium tris(penta-
fluoroethyl)trifluorophosphate (Py, 4-FAP) IL.*> The two-
dimensional Af mapping revealed a different interfacial
structure from other IL/solid interfaces. This difference was
explained from the viewpoint of surface charge, i.e. a KCl
(100) surface is electrically neutral, whereas charged sub-
strates, such as mica, were used in other reports.23’26)

In this work, we extended our study with this background
to understand the effects of surface nature on the interfacial
structure. The KBr(100) and (111) crystal surfaces were
investigated in a hydrophobic IL, 1-butyl-3-methylimidazo-
lium hexafluorophosphate (BMI-PF), using FM-AFM, in
which the (100) surface is electrically neutral, and the (111)
surface is highly charged. Both the surface structures in
BMI-PFg IL were characterized on the atomic scale. Since
(100) surfaces of alkali halide crystals can be easily obtained
by cleavage, many AFM studies have been carried out on

© 2022 The Japan Society of Applied Physics
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these surfaces.>’? On the other hand, their (111) surfaces
are highly charged and have high surface energy, which is
difficult to prepare. However, Y. Matsumoto’s group has
recently developed a method to prepare (111)-oriented alkali
halide crystals via IL flux and found that BMI-PFg is suitable
for this process.’>** In addition, the hydrophobicity of the
BMI-PF¢ IL minimizes the effect of water molecules even in
atmospheric experiments, which is beneficial for AFM
analysis. For these reasons, BMI-PF¢ IL was chosen in this
study. There have been few examples of AFM observation of
alkali halide (111) surfaces, and thus, their atomic-scale
structural analysis is both challenging and crucially important
in the field of surface science. Furthermore, we carried out Af
versus distance curve measurements on these interfaces and
discussed the influence of surface charges on their solvation
structures.

2. Experimental

We used an FM-AFM instrument based on a commercial
AFM (JEOL JSPM-5200), and the original AFM head was
replaced by a home-built AFM head for a qPlus sensor.”>
The qPlus sensor was prepared by attaching one prong of the
commercially available quartz tuning fork (STATEK Co.
TFW-1165) to the substrate with the help of epoxy adhesive.
The probe was made from a tungsten wire with a diameter of
0.1 mm (Nilaco Co.), which was electrochemically etched in
a potassium hydroxide solution (1.2 mol L") and then glued
at the other prong of the tuning fork. The resonance
frequency and spring constant of the tuning fork before the
probe attachment were 32.768 kHz and 1884 N m '
respectively. After attaching the tungsten probe, the reso-
nance frequency was typically decreased to 13—16 kHz. The
gPlus sensor was mechanically vibrated by a piezoelectric
zirconate titanate (PZT) plate. The deflection of the qPlus
sensors was detected by a transimpedance amplifier with a
100 MQ feedback register. Then, the deflection signal was
amplified by an inverting amplifier with a gain of —10. These
electronic circuits were embedded in the AFM head. Af of
the gPlus sensor was detected by a commercial FM demo-
dulator (Kyoto Instruments KI-2001) with some modifica-
tions. The vibrating amplitude was kept constant using an
amplitude feedback system. Because the vibrating amplitude
was detected using root-mean-square (RMS)-DC converter
with a bandwidth of more than a few hundred kHz, a band-
pass filter was inserted between the transimpedance amplifier
and the RMS-DC converter for precise amplitude detection.

All the AFM experiments were performed at room
temperature. The AFM topographic images were obtained
as the two-dimensional tip trajectories during the tip scanning
parallel to the sample surface plane (xy plane), where Af was
kept constant, and were processed by WSxM software.’® Af
versus distance curves were obtained by changing the tip-to-
sample distance without the Af feedback at a constant xy
position. The atomic models of KBr crystals [Figs. 1 and
2(e), 2(f)] were processed by VESTA software.>”

BMI-PFg IL (Tokyo Chemical Industry Co., LTD, >98%)
was purchased and used without further purification. First, we
prepared the saturated solution of KBr in BMI-PFg IL by
adding 1 wt % KBr powder (Nacalai Tesque Inc. >99%).
After that, the KBr(100) crystal (Furuuchi Chemical Co.) was
cleaved using a sharp knife, and the solution droplet (volume:
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0.66 nm

Fig. 1.

(Color online) (a) Crystal structure of KBr crystal (purple: Br—,
brown: K), (b) atomic arrangement of KBr(100) surface, (c) atomic
arrangement of KBr(111) surface assuming the exposure of Br™ ions and (d)
molecular structure of BMI-PFg IL.

0.2 uL) was immediately placed on the cleaved KBr(100)
sample with a syringe. This sample containing the IL droplet
was kept in a drying chamber (Daikin Industries, Itd., dew
point < —50 °C) for 1 day. In contrast, the KBr(111) sample
cannot be obtained by cleavage. It was fabricated by Y.
Matsumoto’s group in Tohoku University using the IL-
assisted vacuum deposition method.***” Then, the KBr
(111) sample was transferred to H. Sugimura’s group in
Kyoto University by post. Note that the surface of the KBr
(111) sample was covered with BMI-PFg IL, which protected
the surface from contaminants. The ion arrangement on the
(100) and (111) crystal surfaces of KBr is shown in Fig. 1.
Alternate K™ and Br~ ions are present on the KBr(100)
surface, while on the KBr(111) surface either K™ or Br~ ions
are present. The KBr-saturated BMI-PF droplet (0.5 pL) was
placed on the KBr(111) sample and left in the drying
chamber for several weeks. Finally, both the samples were
used for topographic imaging and Af versus distance curve
measurement with the FM-AFM instrument.

3. Results and discussion

BMI-PFg IL possesses a much higher viscosity (308 cP) than
water (0.89 cP). We measured the Q factor of a qPlus sensor
in air and BMI-PF,, which were found to be 1700 and 55,
respectively. Although the measured Q factor was heavily
suppressed in the IL compared to air, it was still much higher
than that of Si cantilevers in viscous ILs (Nl).38’39) The low
Q factor of the force sensor increases the frequency noise and
reduces the force sensitivity.*” In this study, only the tip
apex was inserted into the IL so that the Q factor was
relatively kept high and high force sensitivity was
achieved.” When the tip apex was sufficiently close to the

© 2022 The Japan Society of Applied Physics
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Fig. 2. (Color online) FM-AFM topographic images of (a) KBr(100) [Af
=45 Hz, A = 1.0 nm] and (c) KBr(111) [Af = +5 Hz, A = 1.6 nm]
obtained in BMI-PF;. (b) and (d) are the cross-sectional plots obtained along
lines AB and CD, respectively. (e) and (f) are the atomic models representing
inter planar distance of (100) and (111) KBr crystal surfaces, respectively.

sample surface, the resonance frequency of the qPlus sensor
generally changed due to tip-to-sample interaction. The
electrostatic and van der Waals forces are suppressed in
conductive liquids, and hence positive Af was usually
observed. The Af of the sensor was responsible for obtaining
the topographic images in FM-AFM.

The KBr(100) is known as a natural cleavage plane
because it has zero net charges. Figure 2(a) shows a
topographic FM-AFM image of (100) surface obtained in
BMI-PFg, in which atomic steps were clearly seen with a step
height of ~0.32 nm [Fig. 2(b)]. This value is in good
agreement with the half of the lattice constant /2, where
ap=0.66 nm, as shown in the atomic model of KBr(100)
[Fig. 2(e)] and also consistent with the previously reported
values by several researchers using AFM.?"*® As we used
the KBr-saturated solution of the IL, the possibility of further
dissolution of the KBr(100) crystal in IL was highly
suppressed, and hence the stable atomic steps were imaged.
In contrast, the KBr(111) surface is electrostatically unstable
due to high surface energy and becomes quite difficult to
prepare. Y. Matsumoto’s group fabricated this sample by
growing the KBr(111) microcrystal on «-sapphire(0001)
substrate via IL thin film through vacuum deposition
method.® In our study, we used this KBr(111) sample for
the topographic imaging and the interfacial study. We kept
the sample in a drying chamber for several weeks because the
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IL/KBr(111) interface was unstable soon after placing the IL
droplet. Figures 2(c) and 2(d) show the topographic image of
the (111) surface and the cross-sectional plots obtained along
line C-D in Fig. 2(c), respectively. A step structure with a
height of ~0.4 nm was imaged, which was in good
agreement with twice of interplanar spacing in the KBr
(111) crystal surface, as shown in the atomic model Fig. 2(f).
Although we cannot conclude which type of ion (K" or Br™)
was exposed to the surface, this result indicates that only one
type of ion was exposed. From these low-resolution images
of the KBr surface, we obtained a preliminary understanding
of the surface topography and atomic arrangement.
Furthermore, we have carried out high-resolution imaging
on these surfaces in the IL. Figure 3(a) shows an atomic-
resolution topographic image of the KBr(100) surface ob-
tained in KBr-saturated BMI-PF¢. The square lattice with a
spacing of 0.46 nm was clearly seen, corresponding to the
distance between the nearest equally charged ions (theoreti-
cally 0.47 nm). The previous FM-AFM studies on ionic
crystals, such as NaCl, KCl, and CaF,, carried out in UHV
and aqueous solution demonstrated that either cations or
anions are visible in most cases.”’>**" Our previous study
on KCI(100) in Py, 4-FAP IL and KBr(100) in BMI-PF¢
showed the same result.”>**? Therefore, the bright spots in
the atomic-resolution images could be assigned to K™ or Br~
ions. Figure 3(b) shows a high-resolution topographic image
of the (111) surface of KBr. As shown in Fig. 1(c), on KBr
(111), either K* or Br~ ions form a triangular lattice with a
lattice constant of 0.47 nm. However, the obtained atomic
distance was approximately 0.4 nm, revealing the high
distortion of atomic arrangement. Figure 3(c) shows another
topographic image obtained on a different area on the KBr
(111) in BMI-PFg IL. It also shows the atomic-scale contrast.
The lattice was highly distorted, and the distance between the

Fig. 3.
(100) [Af = +11Hz, A = 0.8 nm], (b), (c) KBr(111) [Af =+5Hz, A= 1.6
nm for (b) and Af = +101 Hz, A = 1.6 nm for (c)], obtained in BMI-PFg.
(d) Schematic illustration for explaining the distortion of atomic arrangement
of KBr(111) surface in BMI-PFg.

(Color online) High-resolution AFM topographic images of (a) KBr

© 2022 The Japan Society of Applied Physics
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nearest equally charged ions was ~0.51 nm, obviously not
matching the theoretical value (0.47 nm). The (111) surface
consists of alternate anions and cations layers, and hence this
surface possesses high surface energy, resulting in a distorted
surface by surface rearrangement or reconstruction as sche-
matically shown in Fig. 3(d). This may be one of the reasons
why the distance between the closest bright spots did not
match the theoretical value. It should be noted that from this
experimental result, we cannot deny the possibility that the
counterions derived from the IL strongly adsorbed on the
KBr(111) were imaged, rather than the outermost ions of the
KBr(111) surface. However, even if this were the case, it
would be due to the high surface charge density of the KBr
(111) surface. Thus, it is reasonable to conclude that the
difference in the interfacial structure owing to the difference
in the physical properties of the (100) and (111) surfaces was
imaged on the atomic or molecular scale. At such interfaces
where the surface atom reconstruction occurs, the interfacial
solvation structure is also likely to be strongly influenced by
the surface. Therefore, we analyzed the behavior of the
BMI-PFg¢ IL at the IL/KBr(100) and IL/KBr(111) interfaces
by Af versus tip-to-sample distance curve measurement.
Figures 4(a) and 4(b) present the Af versus tip-to-sample
distance  curves which  were obtained at the
BMI-PF¢/KBr(100) and BMI-PF¢/KBr(111) interfaces, re-
spectively. At the longer tip-sample distance, no Af was
observed on both the interfaces. On the BMI-PF¢/KBr(100)
interface, Af was positively and monotonically increased
without oscillatory profile as the tip approached the surface.
In contrast, on the BMI-PF¢/KBr(111) interface, an oscilla-
tory Af profile was observed. The period of oscillation was
0.65-0.73 nm, which agreed well with the theoretical ion pair
diameter of BMI-PFg (~0.7 nm). The previous AFM studies
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Fig. 4. (Color online) Af versus tip-to-sample distance curves obtained on
(a) a KBr(100)/BMI-PFg interface [A = 0.7 nm] and (b) a KBr(111)
/BMI-PFg interface [A = 5.8 nm].
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also reported that the detected thickness of the layered
structure at solid/IL interface matched well with the theore-
tical ion-pair diameter of the ILs.'"'*7'>?® This is often
explained by a model in which the cation and anion layers of
the IL are alternately distributed at the interface. Furthermore,
the theoretical study on AFM force curves, including Af
versus distance curves in FM-AFM, also supports this
model.*” Thus, our results indicate that the layered distribu-
tion of the ions was present only on the BMI-PF¢/KBr(111)
interface. The difference in Af profiles between
BMI-PF¢/KBr(100) and BMI-PF¢/KBr(111) interfaces would
be due to the different surface charges. The (100) surface is a
natural cleavage plane with zero net charges since the number
of cations and anions present on the surface is equal. In
contrast, the (111) surface of KBr possesses either cations or
anions, which leads to a highly charged surface. This would
be one of the reasons for the layered solvation structure
formation at this interface. When obtaining topographic
images at an interface Af distance curve oscillates, the probe
may scan on the solvation layer instead of the outermost
surface of the sample because there exist multiple z-positions
corresponding to a certain frequency shift. In other words, the
KBr(111) surface may have been scanned in Fig. 3(c), which
was imaged with the larger Af, and the solvation layer may
have been scanned in Fig. 3(b), which was imaged with the
smaller Af. However, we cannot conclude this at this stage
because Figs. 3(b), 3(c), and 4(b) were all obtained with
different probes. Topographic imaging at different Af and the
Af versus distance curve measurements with the same probe
and the same amplitude would be a promising way to
evaluate the imaging position.

We previously reported two-dimensional Af mapping on
an interface between KCI(100) and Py, 4-FAP IL, which
were composed of 128 Af versus distance curves.”> In that
experiment, some of them showed a monotonical increase of
Af as the tip approached the KCI(100) surface, which was
similar to the BMI-PF¢/KBr(100) interfacial study (this
study). It should be noted that some of Af profiles on the
Py, 4-FAP/KCI(100) interfaces showed saw-tooth like oscil-
lations with a period of ~0.3 nm, which agreed well to the
height of the atomic step of KCI(100) surface, and obviously
smaller than the ion-pair diameter of Py;4-FAP IL. These
oscillations were explained by spontaneous and/or tip-in-
duced dissolution of the KCI(100) surface and were con-
sidered unrelated to the interfacial solvation structures. Thus,
the results on Py, 4-FAP/KCI(100) and BMI-PFs/KBr(100)
interfaces both revealed the absence of a layered and
alternating cation-anion density distribution at IL/alkali
halide(100) interfaces. Recently, FM-AFM studies on
water/alkali halide(100) crystal surfaces were reported.
Interestingly, the presence of hydration layers at the inter-
faces was recognized.?'** Moreover, the molecular dynamic
simulation study also showed the presence of hydration
structure at the interface.*” Our experimental results in this
study revealed that the mechanism of IL solvation layer
formation is completely different from that of water hydration
layers on alkali halide(100) surfaces, suggesting that surface
charge is the critical factor for the formation of IL solvation
layers.

© 2022 The Japan Society of Applied Physics
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4. Conclusion

In conclusion, we performed atomic-scale topographic ima-
ging on (100) and (111) surfaces of ionic crystal KBr in
viscous BMI-PF¢ IL by FM-AFM utilizing a qPlus sensor.
The (100) surface showed a periodic square lattice corre-
sponding well to its atomic arrangement model, whereas the
(111) surface showed a strongly distorted atomic-scale
contrast. This difference would be attributed to the higher
surface charge density and higher surface energy of the (111)
surface than the (100) surface. Also, the BMI-PFq IL/KBr
interfaces for both the surfaces were studied by Af versus
distance curve measurement. The oscillatory Af profile was
only observed on the IL/(111) interface, while the mono-
tonical increase of Af was observed on the IL/(100) interface.
That is, the layered density distribution of the ions was only
found on the IL(111) interface, which was also attributed to
the high surface charge density of the (111) surface. To the
best of our knowledge, this is the first report on atomic-scale
imaging on a polar (111) surface of KBr in BMI-PF¢ IL and
on surface charge effects on the solvation layers at the
interface. The selection of particular solids and liquids and
the understanding of their interfacial properties are essential
for improving technological processes such as catalysis,
lubrication, and electrochemistry. Therefore, we consider
the interpretation of the influence of substrate surface nature
on interfacial properties to be of great importance, and further
knowledge is urgently needed for academic and development
of technological processes.
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