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Today, ultrasound (US) is one of the most commonly used imaging technologies in medicine. Sounds in the range
2 and 18 megahert; (MHz) are typically used for diagnostic ultrasound. The accuracy of ultrasound diagnosis
based on computerized analysis of reflected ultrasound waves, which non-invasively build up fine images of
internal body structures. The best resolution can be achieved by using shorter wavelengths, with a wavelength that
is inversely proportional to the frequency. However, the use of high frequencies is limited due to the increased
attenuation (loss of signal strength) in various tissues and so easily absorbed and thus shorter than the depth of
penetration. For this reason, specific probes are used for different frequency ranges to examine different parts of the
body: b <l ga¥) adiicd La 3l aal) (o8 Laladiiad JSY) p guail) il pa Baa g (Baaial) il gll) 45 gaal) (398 il gall Maica gl
il sall o gaall Julatl) e 45 guall (598 iy gally padidil) 483 adiad  Auadlidll 45 gl (358 ilagall B 35 palina 1852 (31l
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» 3-5 MHz for abdominal areas
» 5-10 MHz for small and superficial parts and

> 10-30 MHz for the skin or the eyes

Because of the heterogeneity of the different tissues within the body with different densities, the ultrasonic waves
penetrate varies accordingly. Bones absorb ultrasound much more than soft tissue, so that, in general, ultrasound
is suitable for examining only the surfaces of the bone. For this reason, ultrasound images show a black zone
behind the bones due to the inability of ultrasound energy to reach those areas. If the high frequencies used, called
acoustic shadow. x5 Clidy 45 gal) (§36d Cila gall (3) 30 (b (AdliAa) CBUSY @) aval) JA)2 A8l Ay (uilad pde Guow
inl) gehaa panil Apia ple JS2 A gl 558 Sl sl 048 10 65 5350 Al (ra S5 1 A gl (558 il gl pllinl) (pales L
A Jsas o A guall (558 o sall A8 58 a5 gy alindl AL £1 per Ailaia 4 gl (598 n sl gud i ccppadl Vgl g i
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Piezoelectric Materialsisaii <1l 3) sal)

The word piezoelectricity means the ability of some materials (notably crystals and certain ceramics, including
bone) to generate an electric charge or of electric polarity in dielectric crystals in response to applied mechanical
stress in such crystals subjected to an applied voltage. The piezo is derived from the Greek word 'piezein' (mélew),

which means to squeeze or press, and electric or electron (W\extpov), which stands for amber, an ancient source
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of electric charge. 55 s (pUWal) &l b Loy célia) ) £1551 (lany g ) 5 glal) duall) ) gal) (any 3508 dukaiada £y S AalS a
0w AalS | (guha agal il gaal) il ) glall 038 Jila b Gadaall (SuilSial) dadadall Alaia) AL Jlad) <) glal) B Al S Apulad i Apily S Andi
Aol sl Laill apdd juma gh g «ila gl Aad Al g o g 8l gl Al S AalS (e g ol gf aiadal) ad Al AU gal) Al (pa dBiLdia

The piezoelectric effect was first discovered in 1880 by brothers Pierre Curie and Jacques Curie (French
physicists). The Curie brothers only found that piezoelectric materials can produce electricity. =) CiLiis) &
A gall O JaBh (g 558 () GAY) RAIS) | (Cmpeai b il B) 5098 Mg 5058 ww CnsAY) OB (e 1880 e (B B e J5Y (i 4!
S U] iy s )

The next development was the discovery by Gabriel Lippmann that electricity can deform piezoelectric materials.
It was not until the early twentieth century that practical devices began to appear. J= & Ciliis) gl ) gkt
W pdiad) A ) (DY) 5 sgdall (B Alaad) 5 3gaY) T aly  Ankaiuds ) 3l sall 0 55 G Sy £l O et

Today, it is known that many materials such as quartz, topaz, cane sugar, Rochelle salt, and bone have this effect.
L) 138 Ll alanl) g Jadig s pelag SSed) g Slasill g 550 S Jia 3 gall (e ) () gal) g aall ag

In summary (=3l 3

*  Piezoelectricity discovered by the Curies in 1880 using natural quartz ¢l> 93l Ladis) i) ddanial) ol g<l) o
(bl 30 6S) aladinly 1880 ale (58S
®* SONAR (originally an acronym for SOund Navigation And Ranging) is a technique that uses sound
propagation (usually underwater, as in submarine navigation) was first used in 1940’s war-time. (%) .
Lgal i) 5 8 g (s lall cind dadiall L Jlad) g LaS cplal) il Bals ) & gaaall i addid 4080 A (sall g Aadlall jLaid) Jual)
S pdad) & AN il i A Gl (e B8 e J Y
*  Diagnostic Medical applications in use since late 1950’ _Algl dia dasiioiall duanddal) ddal) cilipdail) .
Glaiadld)
Piezoelectric crystals or materials generate an electrical voltage from separation of positive and negative charges
when they are squeezed or stretched. In other words, it is the charge that accumulates in certain solid materials
(notably crystals, certain ceramics, and biological matter such as bone, DNA and various proteins) in response to
applied mechanical stress. We can view each Si0; unit as a sphere that has a positively charged core (lawn green)
and a negatively charged shell (light pink), as depicted in Figure 8.2. s Lk ¢S 13¢a Aol 14Ul ) gal) gf <l yglal) Al g
uar g Gl gl Aali) daball 3 gall Glarg (B aS) i AN Aadd) L) QAT aar a9 et die Adladl g Ay gal) cliadd) Juad
Y OB O UiSay | (Galaal) (SilSaal) Jubudall Aol (AQLY cilisi g pall g 699l (aandly alliad) Jia A ol gad) 31 gall g lial sl £ g
8.2 JS&) & iaga oa LaS o(gild (539) Aulles A gadia By g ((oaddind) juadY) Al can ga uld Lgd B S gl e Baa g IS
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Figure 8.2 explains what happens if the SiO- is put under mechanical stress (symbolized by yellow arrows). The
overall formula of quartz is Si0>, and since every oxygen atom carries the same extra amount of negative charge
taken from silicon atom, the central silicon atoms carries 2 positive charges and the oxygen just one negative
charge. 3,335 O g o p i) oSl dalal) dapall (5 i aguuls 4] a3 (SailSa Jaiudal duday ja o3 13) iy L 8.2 JSAY) 7
O sa Oaiad Jaad 438 pal) @ sSabiadd) i3 Gl (g aSlimadl 53 (e BAsALAl bl Aall) (e AELEY) Lpasl) i Jand ]
i 3an g Al Aas Jany sy g

Under mechanical stress the crystal all tetrahedral are affected, with their central silicon atom pushed downwards.
The whole structure (All Si0; units) are electrically polarized in the same way, in this case being more negative
on the top and more positive on the bottom, as depicted in Figure 8.2 to the right. The voltage built up in each SiO,
unit is very small, but since millions of them line up in the crystal structure, their voltage adds up to a measurable
amount. JS¢)) Gaiin) &y JEaY) ) A58 pall ¢ gSabual) 353 ada pa clglasl 7 shaad) Aty skl AL ¢ Silal) ibdal) cuad
JSl (B i ga sh LS (a8 dlag) STy AoV (A Al JESH (08 Adad) 030 (g ARy plal) (puly Ll g (lan gl aan) Adasiy
o Qe aga b Ayl Al b ciluali gda cpdlall O Lag 0S1g cIaa hua Baa g S (8 aS) el (o gSD) 2gad &) Lomadd) ) 8.2
LouAL ALE dag

Piezoelectric crystals have the property of change of polarization density within the material's volume when a
voltage is applied. Thus applying an alternating current (AC) across the materials causes them to oscillate at very
high frequencies, thus producing very high frequency sound waves. For good examples of piezoelectric material,
Lead (from Latin: plumbum) Zirconate Titanate — more commonly known as PZT — crystals. <),s%) piall
) 23 el e gldia LS Gaudad U Mty Ll S g (Bl 2o Salal) aaa JA1 GBI ABES s dpaldy Ak )
A (a) a1 cAglaiiia 10 3 sall 5 Alial o Jganll i 2 ) Ale A5 gum il g ) ML g i lle 03 g
sl ey ST &g mall UGS g8 505 (Gshd)

PZT is an inorganic compound with the chemical formula Pb[Zr«Tii«]O3 0 < x < 1) that shows a marked
piezoelectric effect, which finds practical applications in the area of electro-ceramics. PZT is a white solid that is
insoluble in all solvents. PZT crystals are the most widely-used piezoelectric material used for energy harvesting.
PZT will generate measurable piezoelectricity when their static structure is deformed by about 0.1% of the original
dimension. Conversely, those same crystals will change about 0.1% of their static dimension when an external
electric field is applied to the material. A key advantage of PZT materials is that they can be optimized to suit
specific applications through their ability to be manufactured in any shape or size. Moreover, PZT materials
characterized by their ability to resilient, and resistance to high temperatures and various air pressures and
chemically inert. &) pod) Jas b dolee b 41y U gale Uliia 168 15800 el Lpilaass dipa g Spas i QS A
daddicial) gl g (gl o Laladiin) JASY) dodaiia jgSl) ) gall o4 <l ol cludal) aan (B gl AL & pliay dibia Bala ALy <)
A G A (e usal) o Aual) 3l e 70,1 (Mg i) Ledn 0 9y Lasie ubll AL ki 4 Al g g A8} das B
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No Stress Tension Compression

Oxvgen Atom < Silicon Atom

Yeimood @ Fiicer Quartz (SiO,)

Figure 8.2: A piezoelectric disk generates a voltage when deformed (change in shape is
greatly exaggerated) Quartz (Si10»): Effect of deformation on charge distribution.

Quartz is an electrical insulator but has a number of unique physical properties that are very different from that of
other solid substances, like plastic, wood, concrete, bone, or glass. For example, may show some interesting
behavior when exposed to electric fields or get electrically charged when put under stress. This is one of the most
important properties of quartz technically and it has many applications. This property can be found in certain types
of crystals, but not in amorphous substances, which reacts differently depending on the direction of external forces
which is called anisotropic. To explain this, we have to look at individual molecules of crystal that is made up of
an ordered repeating pattern of the same atom or molecule. Each molecule is polarized since one end is more
negatively charged and the other end is positively charged, and is called a dipole as a result of the atoms that make
up the molecule and the way the molecules are shaped. 3l Ay Judll gailadl) (e s 4l (S g Al S Jole 9 3 ) o<
B B JUA S ozl ol alaal) ol Adla A o uddd) of dausill Jia ¢ gAY dadall 3 gally Laldl) dli e Lalad Calids 3l
Oa Fls8 pailad aal (e sin g Jaiudall A jal i Uil S ddand aly gf Ay ,gSl) laall A 2l i ALaAD B pfial) S glead) lany
Al Buskiall e N gall (B Cud (g el sl (e Adina ) 81 (B Apealid) 0da Lo gfad) Sy cilBlatl) (ha paed) gl g i) dalll
A A 4 sl il sl ) B o Uale celld juudll | al gAd) (e oo La 98 g Ao WA (5 681 slat) o 13laie ) Cdlida JSy Jo Ui
Lady ¢ gadia JAY) ciplall g Al Ay ¢y gansdia 48 jha aai (Y laiiena 5. 5 JS Lo g ) 1 B3 (i i e ) Sa Jaal (1a (985 (A
sy ) JuS A8y kg 6 (g ) Lga 098 (Al AL Aol Gl AU ey g (A 5

Page 4 of 6



Diagnostic Ultrasound 2023-2024
Dr. Raed Mohammed Kadhim M.Ali

Piezoelectric Effect

The piezoelectric effect is the ability of certain non-conducting materials, such as quartz crystals and ceramics,
to generate electric current when they are exposed to mechanical stress (such as pressure or vibration). It also
works in the opposite direction, mechanical deformation slightly (the substance shrinks or expands) may be
produced or the generation of vibrations in such materials when subjected to an AC voltage, or both. This
vibration or oscillation caused by applied AC transmitted as ultrasonic waves into the surrounding medium. The
piezoelectric crystal, therefore, serves as a transducer, which converts electrical energy into mechanical energy
and vice versa. The piezoelectric effect occurs only in crystals with a special crystal structure which they lack of
center of symmetry. All piezoelectric classes lack a centre of symmetry. Under an applied force the centers of mass
for positive and negative ions are shifted which results in a net dipole moment. When the force is along a different
direction, there may not be a resulting net dipole moment in that direction though there may be a net dipole moment
along a different direction. In the absence of an applied force, the centre of mass of the positive ions coincides
with that of the negative ions and there is no resulting dipole moment or polarization. 3,8 s i <) 50
(3 FRY) gl Dakual) Jia) (SxilSia Jaial Lguda i die (b x9S S 65 Ao cclaal paadly 5551580 ) ppl Jha Aliagall ) gal) Glan
Lga s die ) gal) o2 Jia Bl ) ) a3 g (g g gl Balall Lall) Cindla (S4ilSia b 9l Gaday S8 ¢ puSlaal) olai¥) A Jand gl LaS
Aol baa gl) ) A e (358 Sl ga JS e JEEL (Gadaal) aa il Ll oo aaldll i ol 3R 138 LagalS o) ccugliia L g gl
(i g i) Giany e Gusall g AilSae Al ) Al g A8 Jgag (25 cABULL J gaaS dkibuda g B olall s oAl g
(Adgaal) 3 g8 caad Jilail) S pa ) duaida ¢Sl Clidal) paan JEEET JALAH) S pa ) 8EES AN Aalld) 4 ) ol Al cald cl ) gl B Jasd
Aa (98 Y B (Calida olail A B gAl (o Ladie | Ala cubill) U aje ) 5379 Laa Alaadl g A gall i 00 ALK S) ya da) ) Al
Gy (Aidaal) 3 gl Qe B | Cilida olad) A Jeana qulad AL je U 098 B 4] e a1 e slai¥) 138 A Juasa qlad A 8 e
i) gl Guall) AU a0 aa gr W Allial) i g AL S e e Ay gl il o) ALS S 5

In summary

Ultrasound waves are generated by piezoelectric crystals. Piezoelectric means '

1

'pressure electric" effect. When
electric current applied on quartz crystal produces a mechanical deformation of the shape and change polarity.
Thus applying an alternating current (AC) across the materials causes expansion and contraction that in turn
leads to the production of compression and rarefaction of sound waves. It also works in the opposite direction; an
electrical current is generated on exposure to returning echoes that are processed to generate a display. Hence the
piezoelectric crystals are both transmitter (small proportion of the time) and receiver (most of the time). It is known
that many materials have piezoelectric effect (e.g. topaz, cane sugar, Rochelle salt, and bone) and the frequency
of the generated wave is a specific feature of the crystal used. Ak gS & ok Lo g3 45 gal) (368 il gall pLA) AL
Ahll) g JSAN (SailSan o g dde iy ) SN Bty A0 (ol S LS (all ay Ladie |1l gl ekl 5 ad Al <)
A LaS A5 guall iy gal) JAIAS g Jalkadal) ) ) 09 (253 s (S g 2aadl) ) (s A gal) e caglile L (Gadii Gl Ml
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Detection of Ultrasound

Normally the transmitting and receiving crystals are built into the same hand-held unit, which is called an
ultrasonic transducer (generally, a transducer is any device to convert energy from one form to another, usually
to or from electrical energy. <iba gally AUl J gaa pan A1 g caulls 4 ganall B gl (i b Aldioaal) g A yal) ) glal) s oy Bale
Ay gl A8 () g cpa Bale ¢ AT ) JSE (e A8 el g (g ga Bl J g cale J8G) Al gual) (348

May come to mind a question what is the material used by doctors and placed on the skin prior to the examination:
paadll g Ayl o g guday g sllaY) Lgasdiiay A Balall (A La Il 3N L) oy a8 g

Ultrasound gel is a type of conductive medium that is used in ultrasound diagnostic techniques and treatment
therapies. It is placed on the patient’s skin at the beginning of the ultrasound examination or therapy. The
transducer, which is the device used to send and receive sound waves, is then placed on top of it. Ultrasound gel is
also used with a fetal Doppler, which can be employed to allow parents and doctors to listen to the heart beat of an
unborn child. cladal) g dsgall (368 o pally paddil) il b Lasiieal) A gal) Jailugl) (o £ 55 94 A gaall (368 o gall o308
padicial) jlgad) g8 5 ABUall §gaa pudg ol ol A geall (§5d o gally E3ad) gf andl) Ay (B sl dla o dnidag oy Aadlad)
s zlawall daladicd) (Say g g il Jligd ga dfiguall (358 Cila gal) 30 L) ardis) 4B gh (A gual) il gall Jlliand g Jlua ¥
g Ay ol (@) Jikal) Gl il ) plaialy sl g

Many doctors, hospitals, clinics, and other facilities use ultrasound technology for diagnostic purposes. It works by
passing sound waves into a person’s body. Once there, they don’t remain for long. Instead, they bounce off the
organ or other part of the body the doctors are trying to view. The sound waves then move back through the
transducer, and they are ultimately analyzed by a computer, which allows the analyzed sound waves to be viewed
on a monitor or even printed out for doctor or patient use. A @ all g Cilabad g Clbibdiuall g s kY (e Ball addiey
in ) agd gy 2y Loaddll a4 pual) Sl gall s Bk 08 ety p g Lol Gl 2Y A pal) (358 il gal) 4l
22y 40 geaal) il gal) SR ASanldia LY Jglag o3 and) (e AT 550 (o) ) guandl (ha 55 LGB celld (ha Yy Aygha 8 A (i By Y
(A5 Wgla o A A gaaal) il gall (12 ja sy Laa ¢ S g g An) g3 Algdl (B Lgdidat a9 (A8l Jgaa A (ha A ) el
02l ol quhal) aladiuy Wiebh s of ASLAY
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By:Mohammed Jabbar Hussein.
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