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Abstract

The biological effects of the signals produced by X-ray and ultrasound equipment strongly depend on their intensity. Some
articles were published addressing the use of pyroelectric sensors to measure the intensity of X-rays and ultrasonic trans-
ducer output power. The objective of this work was to carry out a literature review addressing the use of pyroelectric sen-
sors to measure the intensity of X-rays and the acoustic power generated by ultrasound transducers. For the development
of the review, a methodology with the guidelines of the Preferred Items for Systematic Review Reports and Meta-analysis
(PRISMA) was used. After the searches, 11 papers were selected for analysis, 8 referring to X-ray and 3 to ultrasound. In
most research, the response of the pyroelectric sensor was linear with the intensity of the radiation.

Keywords Pyroelectric - Sensors - Detectors - Diagnostic - Therapy - Ultrasound

1 Introduction

Monitoring the power or intensity of the signal produced
by medical diagnostic and therapy equipment is important
because if the signal level is not adequate, the patient’s
health can be harmed. Some of these equipment are X-ray
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or ultrasound emitters, and it is necessary to monitor the
intensity of this emission in order to meet the necessary
requirements for calibration and its protocols, and to guar-
antee the safety of procedures with patients.

Pyroelectric sensors have many applications, which
include monitoring X-ray and ultrasound emissions in many
different frequency ranges and intensities, including diag-
nostic and therapy equipment. These sensors have remark-
able characteristics in their applications for measuring the
intensity of electromagnetic radiation and acoustic signals,
because they are sensitive to a large spectral range, from
infrared to y radiation, including electrons [1].

1.1 X-ray

About 2400 years ago, the Greek philosopher Theophrastus
mentioned that a stone, called lyncurium (in Latin) had the
property of attracting straw and pieces of wood. This was
probably the first report on pyroelectricity.

The first in-depth theory of pyroelectricity was published
by William Thomson (Lord Kelvin) in 1878.

Pyroelectricity is the property of some materials that pre-
sents an electric polarization when a temperature variation
is applied uniformly.

Pyroelectric detectors have some relevant characteristics
such as the following:
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e They respond to temperature variation;

e They have very short response times, as they do not need
to reach thermal equilibrium;

e They respond almost instantaneously (10~ s) to any vari-
ation in the radiation energy fluency rate;

e They are sensitive to a wide spectrum of radiation, from
infrared to y radiation, including electrons [1].

Ta in 1938 [2], for the first time, identified the actions of
radiation using pyroelectric detectors, which was still done
in the period between the two world wars and deserves to be
highlighted in its precursory aspect.

The use of ferroelectric materials for remote thermom-
etry and non-ionizing radiation dosimetry, such as infrared,
gained ground in the research of Cooper in 1962 [3] and
Ludlow in 1967 [4].

In 1964, Hester [5] used ferroelectric materials to meas-
ure ionizing radiation, y Gamma ray pulses, using lead titan-
ate and barium titanate zirconate sensors, the latter also stud-
ied by Kremenchugkii and Strakovskaya in 1976 [6].

In 1984, Paula et al. [7] implemented an instrument
whose main component was a piezo-pyroelectric lead zir-
conate titanate (PZT) sensor to measure the intensity of the
radiation produced by an X-ray equipment (Model MG150,
Muller) with a tungsten target that could be operated in the
50-90 kV range. The total beam filtration was 2 mm Al.
The irradiated area on the sensor was 1 cm?. The beam was
chopped with a lead sectored disk. The instrument presented
a linear response with the radiation intensity.

Carvalho et al. in 1992 [8], described two thermal meth-
ods to measure the energy fluency of a brief exposure of
diagnostic X-rays: the pyroelectric and the photoacoustic.
In the pyroelectric, the electrical signal produced is due to
the temperature variation that occurs when an X-ray pulse is
totally absorbed by a pyroelectric sensor. The photoacous-
tic method is based on the expansion of the gas existing
in a closed chamber, due to the absorption of X-rays by a
lead disc, located inside the chamber. The increase in gas
pressure is transmitted, through a 1 mm duct, to a highly
sensitive microphone. To measure the energy fluency of a
radiation pulse, there is no need to use a chopper or a lock-
in amplifier, resulting in robust and low-cost instruments.

Also in 1992, Carvalho and Mascarenhas [9] compared
the characteristics of a photoacoustic and a pyroelectric
instrument to measuring the intensity of X-rays, in the diag-
nostic range from 50 to 90 kVp. The instruments were also
used to measure the energy fluency of an X-ray pulse.

In 1997, Carvalho and Alter [10] proposed a pyroelec-
tric detector implemented with a ceramic of a PZT disk
(model PKI 502, Piezo Kinetics Inc.), 15 mm diameter and
1 mm thick. A Philips MG-323 constant potential genera-
tor was used. The tube potential was varied in the range
of 50 to 150 kVp (equivalent photon energy between 29
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and 45 keV) with currents in the range of 25 to 150 mA.
This equipment could provide pulses with exposure times
of 0.1 to 6 s. The response of the pyroelectric detector is
linear with the intensity (energy fluence rate) in the photon
energy range of 29 to 45 keV, and exposure times of 0.1 to
6 s. The minimum intensity that the system can measure is
71 mW/m?, considering a signal to noise ratio of 5.

Carvalho et al. in 2004 [11] and 2005 [12], described
detector systems that measured X-ray intensity in the
mammography range (X-ray equipment tube voltage in
the range of 22 to 36 kVp and equivalent photon energy
from 11 to 15 keV). The system consists of a lithium nio-
bate sensor and a highly sensitive current-to-voltage con-
verter. In the paper published in 2004, a 10-mm-diameter
and 1-mm-thick lithium niobate sensor manufactured by
Inrad International (USA) was used. In the paper pub-
lished in 2005, lithium niobate and lithium tantalate sen-
sors were used. The main component of the current-to-
voltage converter was the OPA 111 operational amplifier.
The instrument’s response was linear with the intensity of
radiation produced by a mammography equipment whose
tube voltage could be varied in the range of 22 to 36 kVp.
The experimental results showed that there was negligi-
ble variation in the piezoelectric constant d;; and in the
pyroelectric coefficient even after the sensors had received
high doses of radiation (3.6 x 1072Ckg~"! air). The instru-
ment has features that make it capable of monitoring radia-
tion from mammography devices. It also has the potential
to allow measurement of the X-ray energy imparted to
patients who have undergone mammography screening.

Pontes [13] and Pontes et al. [14] implemented a
pyroelectric instrument to measure the energy fluence rate
of X-ray energy in the orthovoltage range of 120 to 300 kV
(corresponding to the effective photon energy between
34.7 and 178.2 keV). Its response was non-linear with
radiation intensity. The minimum energy fluence rate that
this equipment could measure was 0.95 W/m? considering
a minimum signal-to-noise ratio of 5. The instrument’s
precision is better than 3%.

Sakamoto et al. [15] used a ferroelectric composite
material consisting of modified lead titanate (PZ34) and
polyether-ether-ketone (PEEK) polymer matrix to measure
the intensity of X radiation in the orthovoltage range. An
X-ray equipment (Siemens Stabilipan II) was used, in
which the tube potential can be varied in the range of 120 to
300 kVp. The instrument directly measured the X-radiation
intensity in the orthovoltage range. The pyroelectric sensor
response was non-linear in the range of 120 to 180 kVp and
linear in the range of 180 to 300 kVp. The results showed
that there was no degradation of the material after the
irradiation of the sensor. The d;; pyroelectric coefficient
remained unchanged after the sensor received a high
exposure (0.2 C/kg) of radiation.
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1.2 Ultrasound

In 2007, Zeqiri et al. [16] described a new method to monitor
the output power of signals produced by medical ultrasound
equipment using the pyroelectric properties of a transducer
implemented with a thin PVDF (polyvinylidene fluoride)
membrane and a backing consisting of a thick layer of polyu-
rethane rubber that attenuates extremely the ultrasound. The
variations in pyroelectric voltage generated by the on—off
switching of the transducer are related to the acoustic power
produced by the ultrasound transducer. An experimental
evaluation of the new measurement technique was carried
out, covering the frequency range from 1 to 5 MHz and out-
put power of up to 1 W.

In 2008, Zeqiri and Barrie [17] described a new method
to determine the acoustic power generated by physiotherapy
ultrasound transducers. It uses the pyroelectric effect gener-
ated within a thin layer of PVDF that is backed by a thick
layer of polyurethane. When the transducer is switched, the
ultrasound energy is absorbed over a short distance into the
backing material, leading to a rapid increase in temperature
near the membrane-absorber interface. This heating leads
to the generation of electrical charge through the electrodes
of the PVDF pyroelectric sensor, and an electrical signal
is generated whose characteristics are related to the power
level of the ultrasound provided by the transducer. The
experimental results showed that the device responds to the
power of the ultrasound at frequencies of 1 and 3 MHz.

Zeqiri et al. in 2011 [18], described the progress made in
the technique of measuring the power of the ultrasound sig-
nal that they reported in previous studies. In this work, they
describe a pyroelectric sensor built with a PVDF pyroelec-
tric membrane and a thick backing of polyurethane rubber
material. The studies carried out showed the relevance of
the properties of the pyroelectric membrane and the back-
ing in the sensor response. With the aid of a 3.5-MHz NPL
Pulsed Checksource focused transducer, the high sensitiv-
ity of the technique was demonstrated. Using the method,
it was possible to implement instruments that can measure
the ultrasound power, at mW levels, generated by medical
diagnostic equipment.

It is important to mention that in the works by Zeqire
et al. the measurements of power generated by ultrasound
transducers were performed with pyroelectric sensors, there-
fore based on the pyroelectric effect.

1.3 Objectives

The main objective of this research was to carry out a lit-
erature review on the application of pyroelectric sensors to
measure the intensity of X-ray and the output power of medi-
cal ultrasound transducers. Information was extracted on the
applications of pyroelectric sensors, their characteristics,

among other specificities, that include their use within the
aforementioned areas.

1.4 Text structure

The next section will address the methodology used in this
research. Afterwards, the results will be presented, followed
by the discussion section. And finally, the conclusion.

2 Methods
2.1 Search strategy

For the development of this review, the methodology was
used through the guidelines of the Preferred Items for Sys-
tematic Review Reports and Meta-analysis (PRISMA) [19,
20]. The search took place through terms related to the use
of pyroelectric sensors in detecting the radiation level of
equipment with applications in medical therapy and diag-
nostics. The search in the databases used the keywords with
their general terms, and search by title and abstract.

The terms used were the following: (detectors AND
pyroelectric AND diagnostic) OR (sensors AND pyroelec-
tric AND diagnostic) OR (sensors AND pyroelectric AND
therapy) OR (detectors AND pyroelectric AND therapy).

The databases searched were PubMed, IEEE Xplore,
Web of Science, and Scopus. Studies that contained books,
systematic reviews, posters, abstracts, comments, and con-
ferences were excluded. Articles in the English language
were considered. The filter by title and abstract were used. In
order to search for additional articles that met the eligibility
criteria, works from other sources were searched.

2.2 Inclusion and exclusion criteria

The chosen inclusion criteria were the following: contains
the use of pyroelectric sensors to measure the intensities of
X-ray and ultrasound produced by medical equipment.

The Mendeley program was used as a tool to manage
references and eliminate duplicates.

The exclusion criteria were the following: the non-use of
sensors in the health area and use of sensors to measure bio-
logical/physiological signals, in the measurement of some
environmental magnitude, among other sensor applications
that do not meet the inclusion criteria.

The analyzes by titles and abstracts were evaluated
regarding the inclusion and exclusion criteria by the authors
A.H.M. Costa, C.P. Silva, and E.A. Santos. The readings
of the remaining articles, in full, were carried out by the
authors A.A. Carvalho, A.H.M. Costa, C.P. Silva, and E.A.
Santos.
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3 Results
3.1 Study selection

The search criteria identified 172 works, with 6 articles
found in other sources. Duplicate articles were removed,
leaving 107 for analysis by titles and abstracts. All authors
agreed with the exclusion and inclusion of articles. In Fig. 1,
the article selection process and the reasons for exclusion in
the full-text analysis step are presented.

After selection, 42 articles remained to be analyzed in
full.

3.2 Analysis of studies

After the searches, 11 articles met the inclusion criteria and
were selected for analysis, 8 of which related to X-ray and
3 to ultrasound.

As for the period of publication, according to the data
found, the oldest study dates from 1984 and the most recent
was published in 2012. The most used pyroelectric sensors
were PZT, cited by 4 studies, and PVDF, cited by 3 stud-
ies. Lithium niobate, lithium tantalate, iron-doped PZT, and
composite PZ34-PEEK were also used as pyroelectric sen-
sors (Table 1).

Pyroelectric sensors were used in 6 studies for measur-
ing radiation intensity in diagnostic X-ray equipment (22 to
120 kVp) and in 2 studies in therapy X-ray equipment (120
to 300 kVp). They were used in 3 studies for determining the
acoustic power generated by medical ultrasound transducers.
The grid for extracting information from the selected articles
was summarized in Table 1.

4 Discussion

According to the results obtained and considering the vari-
ety of information, it was possible to establish a theoretical
dialogue comparable to the literature.

Carvalho et al. [8, 9] presented setups and equipment
capable of interacting with the most varied ranges of energy.
Innovative instruments were implemented using pyroelectric
sensors made up of various types of materials such as PZT,
PVDF, lithium tantalate, lithium niobate, iron-doped PZT,
and PZ34-PEEK composite. The shielding of the condition-
ing circuits was an important milestone in the development
of the equipment and contributed to the efficiency of the
repeatability found in the capture of signals.

Another important aspect studied was the radiation inten-
sity range, which over the years has been addressed by sev-
eral authors, from non-ionizing radiation, such as infrared,

Records identified
from other sources
(n=6)

Records identified through
database searches (n=172)
Data base:

IEEE Xplore (n=14)
Scopus (n=67)
PubMed (n=47)

Web of Science (n=44)

y

Records after duplicates removed (n= 107)

y

Records screened (n=107)

Records excluded (not relevant per
title/abstract) (n=65)

Full-text articles assessed for eligibility (n=42)

Full-text articles excluded (n=31)

(n=11)

Articles included for Qualitative Assessment

Fig. 1 Flowchart of the article selection process

@ Springer



Page50f9 72

72

Brazilian Journal of Physics (2022) 52

%66 UBY) 10215 sem

K9INDOE JUAWAINSLIA] 'S €' 0)
9°0 Wo1] "sawn 21nsodxa yim pue
A ST 01 1] wouiy oSuer K31oud
juaearnba suojoyd oy ur asuodsax
IRAUIT B PIMOYS WISAS 1010919p
oy, "oSuer AydeiSowurew oy

ur Aysudur Ael-Y 21nseaul o)
A[[NJs$$929NS PASN U2 dALY
19119AUO0D 9FBI[OA-0)-]UALIND

© PUE JOSUIS )eqOTU WNII| QJqOTU W]

G jo oner
asI0U [euSIs € SULIOPISUOD * U
/AW [/ ST OINSEAW ULd WSKS
9} JO AYISUUT WNWIUTW Y],
' 9 01 () Jo sown ansodxa pue
‘A9 Sf 01 6T Jo o3uer A31oud
uojoyd ay) ur (eyer eduany £S10ud)
K)ISua)uI 9Y) IM TeIUI] ST 1010319P

o1no3[2014d ) Jo asuodsar Ay, 174

PauTWLIdNRP 2q ued Juaned
ay) 0) parrdysuen) AS1ouo oY) ‘wieaq
UOTIRIPEI ) JO BAIR Y} FULINSeaWw

pue syuswnnsut 3y jo Aue Juisn
Juawmnnsut dnsnoseojoyd oy jo
Jey) uey) 10jeaIs sown ()7 sem
o1nd912014d 93 Jo oner asiou
-01-[eusIs Y, "9ATIOAJD 1S0d
PuUE JSNQOI AIE SJUSWNLSUT [IOg
-own amsodxa auo A[uo yim
INO PALLIED 219M SJUdWILIAdXD
Ay, "sapasoid snsou
-Serp Juoned owos ur rjowered
jueysodur ue ‘osind Ker-x ue
Jo Kouanp AS10u9 o) 2In

-SBAW UBD PIQLIOSIP SIUSWNISUL Y, 1zZd

asnd Aer-x

ue jo Kouany AS10ud oY) dInseawr

0] Pasn OS[e IoM SIUAWNISUT

9y, "paredwos arom ‘dAY 06

0) 0§ wolj oSuer onsouseIp

ayy ur ‘skeI-x jo Kysuout

9y SuLIseaw Ut JuSWNNSUI

2119912014d € pue onsnoseojoyd
® JO SONSLIALIRYD oY ], 1zd

aarsuadxaur pue ‘ysnqoi ‘pjing

01 dpdus S111 (9) {ZH (S 01 T JO

wouiy Kouanbaiy Surddoyo oy uo

Kouanbaiy yim osuodsar asroAur

(q) to3uer sisouSerp [eorpawt

Q) ur A)ISULIUT UOTIRIPERT YIM

asuodsar Teau] (B) :SoNSLIAOLIRYD

urew Surmo[[oy ay) pajuasaid
juownsur o1ndo[eoIAd oy, 1zd

J3uer

osrydesSowwew ay) ut Aysusjur
Ke1-X QInseaur ued Jey) 103993op
9)BQOIU WNIYI] & (1M ISRUWISOP

Ker-x onsoudeiq uoneIpel e Jo uonejuawaduy

sosind Ke1-x jo (Kysuaur) orer
douany A31aus oY) SuLmsesw 10j

Ker-x onsoudeiq 1019919p d1199[01Ad © 9qLIdSa(]

J0sus d1nd9[0Ikd 74 © Suisn
amsodxo Ke1-x onsouSerp e jo
2oudny A310ud Y FuLinseaw
Ker-x onsouserq  J0J SPOYIOW [BULIAY) OM) SQLIISI

J10JOWISOP UOTIBIPET
91199]2014d 2y pue 19joWISOpP
uonerper snsnodeojoyd ayy

Ker-x onsouseiq Jo sansLeoeIeyd oY) aredwo)

10)99)9p o1nd9[e01Kd
© Sursn uordar Ae1-x onsouderp
Q) 10j IA)OWISOP UONRIPEI JO

Ker-x onsougerq ad£) mau e Jo uoneyuawajdury

oSuer orydeiSowwrew Y TV
ur Asudur Ael-x Surmseaw 10§ pue e[ned 3p ‘H'IN
10192)2p 2)eqOTU WNIYI] JO 3S() +$007 ‘Mo[esselq TV ‘OY[eAIR]) 9p "Y'y

1019919p OLIOJ[A0LIR) B
Aq 918ue onsouseIp [eorpaw Ay}
ur Ayisudul AeI-Y JO JUSWAINSBIN 1661

IV [ H™qIY
pue oy[eAIe)) op 'y oproaredy

ske1-x onsouserp jo amsodxa uowe))
JA1Iq © Jo 9ouanyy A319ud oy ~d [ pue ‘e[ned 9p ‘H ‘N
SINSE3W 0] SPOYISW [BWLIDY) OML, 7661 ‘SBYULIROSEIA] 'S ‘OU[EATR) Y Y

Anawisop SEUUATBOSEIA
uoneIper d1mod[a01Ad pue 0zarg 7661 'S 2 OY[BAIRD) 9P 'V 'Y

URULIWIITZ
T "y PUE ‘SBYUDIROSEIN 'S
‘oy[eATRD) 'V "V ‘B[NEd 9P 'H N

1010919p J1199[201Ad
© SuISn 19JoWISOP UOTRIPEI MAU Y/ 861

uoISNPUO) J0SUdS

punosexnn Lei-x Adesdyypnsouserq AANRIqO

AL Iwax Ty

uoneuLIojul Sunoenxa 10§ pus ayy, | djqel

pringer

a's



72

Brazilian Journal of Physics (2022) 52

72 Page6o0of9

uoneIpRLI
19)Je [eLIR1RW Asodwod Yy ur
PIAIISQO Sem UONEPRISIp OU

Jey) Moys s)nsal eyudwLadxg
“dAY 00€ 03 081 WO} PAAIISQO dq
ued diysuonerar reaur] v "dAY 081
01 (071 Udamiaq A)Isudiul uoneIpes
Q) Y)IM Ieaul| Jou sem asuodsar
JUOWRd SUISULS A, "ASOp
Aderay) uonerper jo uonesrjdde
A Jojuow A[QJeIndde Ued pue
Apoaaip aSuer 95eIJ0A0Y1I0 oY)

ur Kyisudur sAe1-y saInseawt
JuAWINNSU Y], ‘ANWISOP 10]
JoqUIRYO UOTBZIUOT dATSUAdXD

ue 0) WA)SAS QAIRUIONE UL SB
PaqLIdsap sem Xrnew rowkjod
HAd © pue OIWEID $E7Zd [PIM
opew punodwod d1d9[01kd

& SUISN JUSWINISUL MAU Y MAAd-+£Zd Msodwo)

uoneIper jo (8D g'0) 2msodxa
YSTY & POATa0aT I0SUSS ) Io)je
PaSUBYOUN POUTEIIAI JUSIIJI0D
219[014d ££p ay, 10suds oy}
JO UOTBIPELII 3Y]) J2)JB JOSUIS oY)
I9)Je [RLISIEW 3Y) JO UONEPRISP
OU SeM 210U JeY) POMOYS SI[NSax
oy "dAY 00€ 01 081 Jo d3uex
ayp ur reautf pue dAY 081 01 071
Jo a5ue1 oY) UI TeSUI[-UOU SeM
asuodsar 10suds o1109[014d
ay, "oSuer 23eI[0A0Y1I0 oY)

ur K)Isud)ur uoneIper-x ay)

PaInseaw ANOSIIP JUSWNNSUT Y], 1.Zd padop-uoig

Surusaros
KydeiSowurew suoSiopun daey
oym syuaned o) parredur AS1ouo
KeI-X ) JO JUAUWIAINSLIW MO][E
01 [enuajod 3} Sey OS[e I] "SIIAIP
KyderSownwrew woiy uonerper
Sunioyuow jo ajqeded J1 oyewr
ey} S2IMEJ SeY JUSWNNSUI A,
‘(e 8D ;01 X 9°¢) uonerper
JO sas0p YSIY PIATadAI pey
SIOSUIS AY) I3)Je USAI SJUIIDYJI0D
9110912014d o) ur pue
££p JupISU0D o1109[0za1d oY) Ur
uoneLeA o[qISSou sem a1y ey}
pamoys synsar feyudwrradxa oy,
‘(A ST PUB ] UdamIaq weaq oy}
Jo sar31aua Jo suojoyd jusreamba
03 Surpuodsar100) dAY 9¢ 01 77
Jo auer oY) ur paLreA 9q pP[Nod
a3ejjoa 9qm asoym juowdinbe
KyderSowwrew e £q paonpoid
uoneIpeI Jo AJISUdIUT AY) YIIM de[eiue)

Teauly st asuodsar s Juownasur oy, WINIYI pue A)eqoIu WNII|

a3ue1 a3ej0A0Y1I0 Ay} UL
sanIsudul AeI-X SuLInsesul 1oy
sodwoo o1nospaoikd B yiim

Ker-x Kderoyg, juswINNSuI ue Jo uonejuawayduy

AX00€ 0

021 Jo d8uel a38I[0A0Y1I0 )

ur SanIsudIuI AeI-X IoINSEaW

ued Jey) JIosuas J11d9[e01Ad

1Zd ® ynm yudwnnsur ofduns

Ke1-x Kdexayp,

Kysudur

Ke1-x oy Surmseow 10§ Aejdsip

[@)SIp B pue IS[[OUOI0IDIUI B

“I9)I9AU0D 93EI[OA-0)-JUILIND

KAnisuas-y3iy e ‘10)9930p

o1noojoIAd & yim Juswmsur

Ker-x onsouSeiq

‘Mau B Jo uonejuawa[duy

Mau © Jo uonejuawdwy

e[ned op ‘H
uonoap Ksudjur Aer-x “JAL ‘SQIUOJ ‘A ‘OU[BAIED) O Y
10§ Wy 231s0dwod d11300[e0IKJ 10T 'V ‘WEASISH ‘d D ‘Ojoweyes Y ‘M

feqnid "T°S

pue Ies9))  ‘safiog Y ‘seiar

Kderoy) 100ued op g "1 Y ‘SOUdUBS 'V VY

reroysadns ur pasn Aei-x jo ojer ‘e[ned op "H A ‘0)0WeyES "M
douany AS1oud Surmseaw 10§ 17 0107 "M ‘OY[BAIRD 9P Y 'V ‘SAUOJ ‘M

eploWY 9p Y

AyderSowrwrew ur A)isuajur “Q3UOWRIA "Y' ‘Oloweyes 3

Ke1-x Surmsesw 1oy judwnnsur M T Y ‘mofesseld Ty
911199[001Ad Pa[[ONUOI0IIA S00T  ‘oy[eAle) 9p V'V ‘B[ned op ‘H ‘W

uoIsnpPuo) RODIENN

punosexn Lei-x

Adexayypysouderq AANRIqO

AL Iwax Joyny

(ponunuoo) | sjqey

pringer

Qs



Page70of9 72

72

Brazilian Journal of Physics (2022) 52

1omod punosenn
a1 0 spuodsar Jey) Josuds
01199[0014d © Jo ‘uoneInSyuod
10399)p Jutod € J0j ‘PAjenSuUoWp
ose sem jooid remdoouo))
1uawdmba onsouSerp reorpawr £q
PoreIouds ‘S[Ad] AW Je ‘Tomod
punosen|n Ay AUNSLAW UL Jey)
syuownnsur Juowardw 03 aqissod
S11 ‘poyrow oY) Surs() “1omod
PUNOSEN|N AUIULIAAP UL Jey)
POYIAW MAU & SIQLIOSIP S[OTIE ST,

Kdeoy reorsAyd ur pasn o5uer

Kouanbaiy ay) ur punosenyn ay) jo

19mod 1) 01 spuodsal 991A3p Y}
Jey) PoMOYS S)[Nsal [ejuowrIadxa oy,

M 1 01dn jo 1omod ndino pue
ZHA § 01 | woiy oSuer Kouonbaiy
9} SULI2A0D N0 PALLIED SEM
anbruyoa) JusWwAINSLIW MU
Ay} Jo uonen[eAd [eyuswLIadxd
Uy ‘PaqLIOSIP U3Qq Sey JOSUds
o119912014d © Sursn juowdinbo
punosenyn [eorpaw £q paonpoid
s[eusts jo romod ndino oy
Sunioyiuow 10§ anbruysey mou v

Kdeoy,

Kdexoyp,

Kdezoyg,

SI0SUQS
o11n09[2014d Suisn s1eonpsuen
punosenin £q pajerouas romod
onsnooe Ay FuLmseaw 10§
poyrow mau e Furdofarap

ur ssar3oxd oy oquIdSOq

s100npsue1

punosenin £q pajerouas romod

onsnooe Y} FuLINSLIW 10§
POYIOW [BUWLISY) © JO UOTIEN[BAT

s12oNpsuLn
swosenn £q pajerousas remod
21ISNOSE SULIOIUOW JO POYIA
paseq A[[euLIay) MOU B SaqLIDSI

109)J9

a1naope01kd oy sytofdxa Jeyy
$190NPSURI) PUNOSEIN [BIIPAUI JO

1amod ndino

Ay} SunINseaw Joj poylou
Teursoy) e Surdojoasp ur ssarSold

S
s1onpsuer

punosenn AderayiorsAyd
Kq porerousd

1omod snsnode oy SururwIaep
10§ poyou

Q)LIS-PI[OS [9AOU © JO UONBN[BAT

sorpms Areurwrjaid

pue ‘Furepowt 1daouod 201A3p

:1omod ndino 1eonpsuen

Jruosen[n SuruILIP JO
poyaur 911309[0014d [oAou v

110c

800C

L00T

auueg [
“JIOUPOH ‘W ‘Teynez D ‘onboz g

aureq ‘[ ‘anboz g

Kapyorg [

D ‘otug ' R0 ‘N d onbaz ‘g

uoIsnpPuo)

Adexayypysouderq

ANl

APLL

Jedx

Joyny

(ponunuoo) | sjqey

pringer

a's



72 Page8o0of9

Brazilian Journal of Physics (2022) 52: 72

to y-ray ionizing radiation, in particular, X radiation due to
its usefulness in medical diagnoses and also in therapeutic
treatment [21].

The use of pyroelectric sensors to detect ionizing radia-
tion both in the diagnostic range, from 20 to 120 kVp, and
in the therapy range, from 120 to 300 kVp, has proven the
effectiveness of this method with the most diverse types of
sensors, from ceramics (lead titanate zirconate (PZT)) to
composites (titanate (PZ34) and poly (ether-ether-ketone)
(PEEK)). The latter were capable of being subjected to ten-
sion and traction and even so, they did not show degradation
after applications in the orthovoltage range [15].

Another important contribution over the years was the
development of the signal conditioning circuit, which
showed excellent response when using a current to voltage
converter associated with operational amplifiers with high
CMRR (common-mode rejection ratio), high input imped-
ance, low output impedance, and excellent signal-to-noise
ratio [22].

The importance and definition of the signal conditioning
circuit depends on the tube voltage range of the equipment
to be analyzed. Both in diagnosis and in therapy there
is a need for analysis and shielding of the conditioning
circuit as the tube voltage increased, this shielding of the
conditioning circuit with lead and/or alloy was necessary,
so that the readings obtained could be repeatable and
accuracy after the signal acquisition setups are defined
(Pontes et al. [14]).

As for the assembly of the cameras that were able to cap-
ture the radiation intensity in the different ranges, it also
showed evolution. Initially, the apparatus had a large amount
of iron, copper, and even aluminum to reduce the weight
of the systems. Later, the use of acrylic was incorporated
to avoid scattered radiation and only the contact terminals
between sensors and the conditioning circuit were made of
conductive material, usually copper [23].

Few articles were published addressing the use of pyro-
electric sensors to measure the acoustic power generated
by ultrasound transducers: only 3 published by the same
research group. The studies have revealed that the device
sensitivity varies with temperature, and that the physical
properties of the PVDF membrane and backing strongly
influence sensitivity.

5 Conclusion

This review was important to establish a historical context
in the application of pyroelectric sensors in measuring the
intensity of X-ray and the output power of medical ultra-
sound transducers. Equipment emitting X-ray and ultrasound
require calibration to ensure safety in the procedures for
therapy and diagnosis.

@ Springer

For the development of this review, the methodology
used helped to organize the searches in the research plat-
forms. After applying the inclusion and exclusion criteria,
11 papers were selected for this review, 8 related to X-ray,
and 3 related to ultrasound.

All these papers described research that aimed to deter-
mine the intensity of X-ray or the output power of medical
ultrasound transducers. The results found were of fundamen-
tal importance to know the profile of the studies that have
been published over the last decades.

The implemented instruments can measure the radiation
intensity in the mamographic, medical diagnostic, and in the
orthovoltage ranges. In most researches, the response of the
pyroelectric detector was linear with the intensity of the radiation.

The experimental results showed that there was no deg-
radation of the ceramic and the pyroelectric composite after
irradiation of the material. The pyroelectric coefficient and
the dj; coefficient remained the same after the sensors were
subjected to radiation.

The experimental results obtained by Zeqiri et al. showed
that a pyroelectric sensor implemented with a thin PVDF
membrane and a backing consisted of a thick layer of pol-
yurethane rubber that attenuates extremely the ultrasound,
responds to the acoustic power generated by ultrasound
transducers in the frequency range used in physical therapy.
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