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Ultrasound Imaging Systems

The basic functional components of an ultrasound imaging system are shown below. Modern ultrasound
systems use digital computer electronics to control most of the functions in the imaging process (see
Figure 8.3). Therefore, the boxes in the illustration above represent functions performed by the computer
and other electronic circuits and not individual physical components. s sil) aUSil Aoy i o) el g2al)
alina b aSatll Ay ) 3 paaal) il g ) Apan) A5 guall (558 il pall Auliif piies oliaf Aisa A guall (358 il sally
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Figure 8.3: The principal functional components of an ultrasound
1maging system

We will now consider some of these functions in more detail and how they contribute to image formation.
Bogall (n oS B Lghah e AdiS g Juadil) (a3 g A 5l 038 (ylany A (V) Bl

Ultrasound Transducers

In general, a transducer is a device that converts energy from one form to another, in the case of
Ultrasound transducers; the conversion is from electrical to mechanical energy (or vice versa). «2\s Jsiu
ALl (e Jyeadll aly tAfiguall (558 il gally A8l Y gae Alla B AT ) JSd (e ABUD Jsay g 2 A8 Jsaa
(Sl g Assilaal) ABUL) ) Al gl)
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Ultrasonic Transducer Structures

Transducers for ultrasound imaging consist of one or more piezoelectric crystals or elements. The basic
properties of ultrasound transducers (resonance, frequency response, focusing) can be illustrated in
terms of single-element transducers. However, imaging is often preformed with multiple-element
“arrays” of piezoelectric crystals. »<ls 565k (padi gl (52 Sl gally peatl) B dasiioal) ABULL) Y gaa () 9S50
33 10 Aol (i) Asiguall (398 Cla gally ABUal) <Y gaal dpulul) Gailadl) puda gl (Sar |, SSH g Basly A S
alial) Basaia "Cld ghuaa’ alaAIuly  gualil] JaSES ah La LIS (M) pa g da) gl jaaiad) culd ABUal) Y g i (e (SaSA
Al 48 &) 55l (e

A piezoelectric transducer comprises a ""crystal” sandwiched between two metal plates. When a sound
wave strikes one or both of the plates, the plates vibrate. The crystal picks up this vibration, which it
translates into a weak AC voltage. Therefore, an AC voltage arises between the two metal plates, with a
waveform similar to that of the sound waves. Conversely, if an AC signal is applied to the plates, it causes
the crystal to vibrate in sync with the signal voltage. As a result, the metal plates vibrate also, producing
an acoustic disturbance. “> s« a0 avie (pisma (sl (b gana M5 gl (e dudaii <)) A8 Jgaa S
iy i 23 e U g ) aa s g2 ¢ GIEAYY I B ehl) BBl liadial) igh (LagolS i Cpfiagiuall aa) A gua
33 55al) ) 5 b0 (Bl o 13) cld cpa el 1o 5 gl il gl Ao A g Sy Cionall cym o) Cy o s g Uik
(Y 6252 Laa Lyl dianal) gilhual) Jigh lid daiiy 3 LAY g aoa Ol S B stall 511 (b ey Il (8 o oll) Jlo

(Hya gl ) &gas

Piezoelectric transducers are common in ultrasonic applications, such as intrusion detectors and alarms.
Piezoelectric devices are employed at AF (audio frequencies) as pickups, microphones, earphones,
beepers, and buzzers. In wireless applications, piezoelectricity makes it possible to use crystals and
ceramics as oscillators that generate predictable and stable signals at RF (radio frequencies). =% s>
Bl aadild AN Bigals Jladl) cads Bigal Jie Agsall s cilasall clindn B daild Abiis <)) A8
3 3¢als 0N cilelawy cligh g Suall g < gual) Jalil) 3 3¢l Jia (Agigaal) claa jill) ABLN g gl 5uS 1N A ddaiia g 4 <!)
g8 CilbdidaS dlal yaaad) g <l gl aladiin) Audalaiaty) Ayl ;g <l) dBUal) i (ASLoBU) ciliadail) 8 )AY) B gy 4l
(52 Calaa 5) ASLaadUl s il e Lgy gl (a9 B e <l L)

Ultrasound transducers are usually made of thin discs of an artificial ceramic perovskite material such

as PZT. The basic design of a plain transducer is shown in Figure 8.4. (358 s gally A3Ual) ) gaa () 585 La Buls
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Figure 8.4: Basic design of (a) probe contains hundreds of transducers (b)
single-element transducer.

The crystal is cut into a slice with a thickness equal to half a wavelength of the desired ultrasound

frequency, as this thickness ensures most of the energy is emitted at the fundamental frequency.
Generally, the thickness of thin discs (usually 0.1-1 mm) determines the ultrasound frequency. In most
diagnostic applications, ultrasound is emitted in extremely short pulses as a narrow beam comparable to
that of a flashlight. «csthaall 45 guall (558 o gall 23 31  gall Jshal) caai (g gloay lansy Ay ) 3 olal) aulalli 2Ty
NS (ae 1-0.1 3de) dad Lol B daw daay ale JSy | oulul) 233 die dBUal) alive dilayd) dlacd) 13 (paday Ena
Ay (Guda £ landiS AL Bl ciliad (8 A0 gual) (358 il gall ol cApadldill) clipdall) alina (B A0 guall (358 il gal)
s34 pluaal) glad

When not emitting a pulse (as much as 99% of the time), the same piezoelectric crystal can act as a
receiver that is the transducer can act as both a transmitter and a receiver. The transducer (or probe) is
containing multiple piezoelectric crystals, which are interconnected electronically and vibrating in
response to the applied voltage (see figure 8.5). Also proved the reverse piezoelectric effect, any
application of electricity to the quartz leads to vibration of quarty. «(<238)) (2 9,99 ik dasi jua) aie vie
e Juliu) Slga s Jle) Jas dery o AUl Jgaal oSy Cun (JLiad Slgas dakaida <1l 8 ohd) (il Janti o) (Say
Las (8.5 JSd) L) (gadaall agall dladie igh g L g asl) Adagl jia cBasia dukaida 1S ) ol Ao (Jlaesall i) 48U J saa
LKD) IR ) g F1eSY Ao sl gl Gl o O Cua o abuda g ausal) Y @) o
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Figure 8.5: The transducer (or probe) is containing multiple piezoelectric crystals.

Types of Ultrasound Transducers

The essential element of each ultrasound transducer is a piezoelectric crystal, serving two
major functions: i (il g 255 ka8 35k oo 4 guall (3 5d o gally Lolla Jgaa JS (B pslia) ucainl

1) producing ultrasound pulses and ;°:s2) G5 s e cladzli) (1

2) receiving or detecting the returning echoes ::+) ¢)22Y) Gl g JLiia) (1
Ultrasound systems today rely on the electro-mechanical properties of piezoelectric
elements to generate the sound waves and to measure the amplitude of the reflected
waves. These elements convert high voltage pulses into sound waves that travel through
the relevant tissues during transmission and convert small displacements into small
voltage waveforms during reception. These devices are quite expensive to manufacture
because of the various layers that must be attached to achieve the desired level of

impedance matching between the device and the human skin. s 552l (358 Sl sal)l dai] adiad
Sl gy gay yualindl 03 o985 Auuaiall iy gall daa (a5 45 gual) ila gall 2l gl dukiadn 1S pualindl 48501S0a g g8l (2l ) o
U s Mg cld g g0 JSET ) 8 il clal JY) Jgady Jlu ) LT Aball <l o) jue JE A gua Cla ga ) Alad) 3gad)
S O 48 glaal) Aijlas (ha o lhaall (g gl (G850 Lgday ) quay () ABLALAN) Cilial) ey AR LIS 5 ) 03 aiaal dny  JLia)
bty Ala g

The Medical ultrasonic transducers (probes) come in a variety of shapes that are generally
labeled according to their design or intended usage each containing a specified number of

piezoelectric elements sector. That means, the ultrasound transducers differ in

construction according to: Jsy) (e i siia de gana b (Clanall) 5 pall (358 o sally Akl A8l) Y gaa A
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¢ piezoelectric crystal arrangement, ,Assica <) Jliw S s i
% aperture (footprint),:(dass) 41l

0’0

% operating frequency (which is directly related to the penetration depth) ) Jaaca aa s
(B AAY) (Bary 5 sibaa Jasi

There are three types of transducers that most often used in the critical ultrasound imaging:

Linear, Sector and Convex (standard or micro-convex) as shown in Figure 8.6. g &350 duia
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Figure 8.6: Three types of transducers are most often used in
the critical ultrasound imaging.

Linear Transducer

Linear transducers are used primarily for small parts requiring high resolution and typically involve
shallow depths. To achieve high resolution, higher frequencies are typically required. Since produce a
rectangular image the elements are arranged in a linear fashion £33 J oY) alhall & 43dadlt) dBUal) Y gaa e-\-‘-luﬁ
Ma ol @laags ) dals dlia 058 L sale dlle 48 gdanl  Uada Blee | (adall L ke g dglle 4B culbats 4 3 bl
bl 48y phy jualial) qufi 5 oy Aldaiaca 3 ) gua L),

» piezoelectric crystal arrangement: linear (25 :Jaia <1 Jliow 81) st
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> footprint size: usually big (small for the hockey transducers) |#ea) |5sS (158 Le bile tdaad) ana
(oS54 &bl Y gaal Lpuilly

» operating frequency (bandwidth): 3-12 MHz (usually 5-7.5 MHz) : (223 G@daill (2 se) Jaaddll aa
(FR L 75-554) 3R s 12-3

» ultrasound beam shape: rectangular Jsics 1420 sal) (368 Cila gal) plad JS4

» use: ultrasound of the superficial structures, e.g. obstetrics ultrasound, breast or thyroid
ultrasound, vascular ultrasound <> <)) JUis) Jui o cdnbid) JSLgll 45 pall (548 Cla gall cp)a55y)
L pod] Lo g Lijgual) (§ 58 cils pal) (i jal) 58] g o dill LS pucal) 598 s ) Ll g2l) LT gucal) (5 98

Sector Transducer

To broaden the field of view, sector transducers are used. These transducers have a small footprint and
are good for cardio applications due to small rib spacing. <5 .£U81) <N gaa )i o ) Jlaa g sl
all &M‘i\ &@M‘T\E\QMS%@jSN&MOM d3al) oY gaa

" piezoelectric crystal arrangement: phased-array (most commonly used) : i ¢Sl (5 skl w2
(Galadin SisYl) Al sal) 4 ghiaal)
" footprint size: small e daadd) aaa

" operating frequency (bandwidth): 1-5 MHz (usually 3.5-5 MHz) (223 @dalll (o e) Jaadal) aa )5
(FA B 5-3,53) s e 5-1

" yltrasound beam shape: sector, almost triangular Lz &5 Eulia  oUad 145 gal) (368 Cila gal) plad Jo4

® use: small acoustic windows, mainly echocardiography, gynecological ultrasound, upper body
ultrasound s\l () 3a¥ 4 pual) (358 Sl gal) pus ) S8y QIR (ge Sl (3 s 45 gua 2B) g 1ol aAaY)
pead) o g slad) g 3l A5 puall (398 il gal)

Convex Transducer

For abdominal viewing, curved transducers are typically used because of resolution and penetration
benefits. They allow for the maximum field of view and depth because of their large aperture. Note that
any type of transducer can be phase arrayed to produce a beam of sound that can be steered and focused
by the ultrasound controller. r—-3\45) (&) SAY) 5 4340) 1) a1 ) Qa5 duiaial) dBUl) <Y gaa S addind ¢ lagd) Saalial
O Bladk EUY Jala o dagand (Sa BN Y gaa (i .95 ol O BiaY 3 pnl) ANl casens Garl) g Ayl Jlana el
At gual) (398 il gally aSail) Ban g Adaa) g3 8 S g Agad 55 (sSay & gual
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+¢ piezoelectric crystal arrangement: curvilinear, along the aperture (isia sdshiia g€l ) gli) i 3
datdl) Jsh o gl

% footprint size: big (small for the micro-convex transducers) ¥ gaal Aol iia) S sdacad) aaa
(A4l daaal) 43U

L)

+¢ operating frequency (bandwidth): 1-5 MHz (usually 3.5-5 MHz) :(g223) (il (o e) Jaddl) aa
FA e 5-35808) J¥R L 5-1

+¢ ultrasound beam shape: sector; the ultrasound beam shape and size vary with distance from the
transducer, that causes the lack of lateral resolution at greater depthsv :4:isall (368 Cila gal) plad JSi
@Qﬁ;aﬁ‘ge&@%w cﬁ&l\d\g&@m&éh&d\&a@g@\dﬁ&l@ﬂ\ 8@9&3@@* E&Lhﬂ\
RSV Glas ) aie

+¢* use: useful in all ultrasound types except echocardiography, typically abdominal, pelvic and lung

(micro-convex transducer) ultrasound bdd sLiul 4 gall (458 Gl gall £1 53 pran 8 Lia saladily)
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Also, the medical ultrasonic transducers (probes) come in a variety of shapes according to intended
usage each as shown in Figure 8.7. The transducer may be passed over the surface of the body or inserted
into a body opening such as the rectum or vagina. For example, (355 <l gally dudal) 48U)) Y gaa Al Ly
A5 Sy 8.7 JSAl A miage b LaS Lga (S cd gl aladiudll G g JISEY) (e Ao giia Ao gana B (Cluaall) A gual
Jhal) S Ao Jageal) o) ainall Jia aniad) dad & AJAY) g acad) o e 48U J gaa

In other words, the transducer is the component of the ultrasound system that is placed in direct contact
with the patient's body. Inside the transducer contains one or more of the piezoelectric elements. It's also
focuses the beam of pulses to give it a specific size and shape at various depths within the body and also
scans the beam over the anatomical area that is being imaged. 2 <UgSa 3a) oa 43 Joaa AT aa
alind) o ST gl aag o ABUal Jgaa JA0 g ging G el amia sl Jlal) o A g aly (s 3) A5 guall (358 il gal)
98 £ lil) s Layl 2 g8y g asad) Ja)a Adlids glas) Ao 13aaa SISE 5 Laaa dgdaad ciliall) plads 3y 4df LaS Aaia 4l
MR gactli (A Ay pill) Alkaiall
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Figure 8.7: Ultrasound Transducer Types.

Attention!

An ultrasound transducer is the most important and usually the most expensive element

of the ultrasound machine, so it should be used carefully, which means the following:

Lo (A Laa cdgling daladin Gy A (A gual) (360 Cila gall Jlga (B A JSY) g dpan] JASY) paiad) ga 45 puall (360 Cila gal) Jgaa
ot

1. do not throw, drop or knock the transducer, s 4l Jsas o a8y |1
Ay pla g) Al

2. do not allow to spoil the transducer’s ductaiia Jsas sU8 sludly o ¥,

3. wipe the gel from the transducer after each use, 43kl Jsaa (s Jad) ol
caladin S

4. do not sluice with alcohol-based confections. .Jsssll e o giad ) cilglal) e 2y

° :MJ \133 Aaaalif]

By:Mohammed Jabbar Hussein
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