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The focusing of an array transducer can also be changed electronically when it is in the echo receiving

mode. This is achieved by processing the electrical pulses from the individual transducer elements
through different time delays before they are combined to form a composite electrical pulse. The effect
of this is to give the transducer a high sensitivity for echoes coming from a specific depth along the
central axis of the beam. This produces a focusing effect for the returning echoes. Jsaa 3855 il Uyl (jSay
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An important factor is that the receiving focal depth can be changed rapidly. Since echoes at different
depths do not arrive at the transducer at the same time, the focusing can be swept down through the
depth range to pick up the echoes as they occur. This is the major distinction between dynamic or sweep
focusing during the receive mode and adjustable transmit focus. Any one transmitted pulse can only be
Jfocused to one specific depth. However, during the receive mode, the focus can be swept through a range
of depths to pick up the multiple echoes produced by one transmit pulse. =35 (Sa 45) s dagal) Ja) gal) 2a)
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Ultrasonic phased arrays are widely used in medicine and most of the present imaging devices use the 1D
or 2D phased array technique. In order to steer the ultrasonic beam, two dimensional (2D) arrays should
be used. The conventional 2D phased array transducer (link) is a multi-element piezoelectric device, the
elements of which are electrically isolated from each other, arranged in a single row. The transmit a sound
pulse passing into the body, and the received the echoes that return from scattering structures passing from
the array elements at delay times in phase with respect to the transmit initiation time, hence the term
phased array. 2l 8 3¢l abine asiiudy el A puly G o A guall (358 o gally 4y ) shall b ghaal) aadind
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The time delay required for steering and focusing the excited beam is then provided by the incident surface
wave propagating through the array along chosen directions. This is done electronically to steer and focus
of each of a series of acoustic pulses through the level or volume to be imaged in the body. It is known
that the process of steering and focusing of these acoustic pulses as beamforming. This process is shown
schematically in Figure 9.26. 4 gall JMA (ya s 38 s 5 jlial) dajad) dua gl coglhal) a3 palil) 8 g8 Gl aay o
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The form and especially the diameter of the beam strongly influence the lateral resolution and thus the
quality of the ultrasound image. The focus zone is the zone of best resolution and should always be
positioned to coincide with the region of interest. This is another reason for using different transducers to
examine different regions of the body; for example, transducers with higher frequencies and mechanical
focusing should be used for short distances (small-part scanner). Most modern transducers have
electronic focusing to allow adaption of the aperture to specific requirements (dynamic focusing, Figure
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Figure 8.28: A conceptual diagram of phased array beam forming. (Top) Appropriately delayed
pulses are transmitted from an array of piezoelectric elements to achieve steering and focusing at
the point of interest. (For simplicity, only focusing delays are shown here.) (Bottom) The echoes
returning are likewise delayed before they are summed together to form a strong echo signal from
the region of interest.
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An unfocused transducer produces a beam with two distinct regions, as shown in the previous figure. One
is the so-called near field or Fresnel zone and the other is the far field or Fraunhofer zone. In the near
field, the ultrasound pulse maintains a relatively constant diameter that can be used for imaging and that
is determined by the diameter of the transducer. The length of the near field is related to the diameter,
D, of the transducer and the wavelength, ), of the ultrasound by: ¢xithiay llad S ) & 43U Jgaa iy
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Recall that the wavelength is inversely related to frequency. Therefore, for a given transducer size, the
length of the near field is proportional to frequency. Another characteristic of the near field is that the
intensity along the beam axis is not constant; it oscillates between maximum and zero several times
between the transducer surface and the boundary between the near and far field. This is because of the
interference patterns created by the sound waves from the transducer surface. An intensity of zero at a
point along the axis simply means that the sound vibrations are concentrated around the periphery of
the beam. A picture of the ultrasound pulse in that region would look more like concentric rings or
"donuts" than the disk that has been shown in various illustrations. .53 LusSe Ly 2 gal) Jghll o) S
o B2l o Gy AN Jlaall s AY) pailadd) (e 23 A g qualdy qu A1 Jlaall J gk 8 (Cma J e aaad dadlly cdllil
GuAN Jlaall (g 3 gand) g A8l gaa pedas (o ) 0 B30 il g aBY) aa) cp el 9gd (AU Cad daJal) jgaa Jsh
Jeb o Al aie jhal) 3ad o) ABUal) Jgaa g (e A guall il gall LgalAS] AN JANaEl Jalad] ) IS g el
Adlaial) Al L 45 guall (398 o gal) i 5gea ga B dajal) e Joa S8 Ggeall )R o) Aol (ad gl
Adliaal) dasda i) a gui ) (B A e a1 ) (e AN (e JAS) TSRS ] S pall Baadia clblay 4

The major characteristic of the far field is that the beam diverges. This causes the ultrasound pulses to be
larger in diameter but to have less intensity along the central axis. The approximate angle of divergence

is related to the diameter of the transducer, D, and the wavelength, ). by: &) & ) Jlaall A ) dad)
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Because of the inverse relationship between wavelength and frequency, divergence is decreased by
increasing frequency. The major advantage of using the higher ultrasound frequencies (shorter
wavelengths) is that the beams are less divergent and generally produce less blur and better detail. The
previous figure is a representation of the ideal ultrasound beam. However, some transducers produce
beams with side lobes. These secondary beams fan out around the primary beam. The principal concern
is that under some conditions echoes will be produced by the side lobes and produce artifacts in the
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Fixed Focus < 38 )
A transducer can be designed to produce a focused ultrasound beam by using a concaved piezoelectric
element or an acoustic lens in front of the element. Transducers are designed with different degrees of

focusing. Relatively weak focusing produces a longer focal zone and greater focal depth. A strongly

focused transducer will have a shorter focal zone and a shorter focal depth. Fixed focus transducers have
the obvious disadvantages of not being able to produce the same image detail at all depths within the
body. dfiga duse g jada duhid S pals aladiuly 538 al) 45 gual) (358 Cila gall gl gAY ABal) § gaa aravall (Say
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Adjustable Transmit Focus (sl Ji8 Jii < 5

The focusing of some transducers can be adjusted to a specific depth for each transmitted
pulse. This concept is illustrated in the following figure. The transducer is made up of an
array of several piezoelectric elements rather than a single element as in the fixed focus

transducer. There are two basic array configurations: linear and annular. In the linear
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array the elements are arranged in either a straight or curved line. The annular array
transducer consists of concentric transducer elements as shown. Although these two
designs have different clinical applications, the focusing principles are similar £+ S5«
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Focusing is achieved by not applying the electrical pulses to all of the transducer elements
simultaneously. The pulse to each element is passed through an electronic delay. Now
let's observe the sequence in which the transducer elements are pulsed in the figure 8.29.
The outermost element (annular) or elements (linear) will be pulsed first. This produces
ultrasound that begins to move away from the transducer. The other elements are then
pulsed in sequence, working toward the center of the array. The centermost element will
receive the last pulse. The pulses from the individual elements combine in a constructive
manner to create a curved composite pulse, which will converge on a focal point at some
specific distance (depth) from the transducer. L <)) Sladll) Gukiase DA (38 3 o3y
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Figure 8.29: The Principle of Electronic Focusing with an Array Transducer.

The focal depth is determined by the time delay between the electrical pulses. This can be
changed electronically to focus pulses to give good image detail at various depths within
the body rather than just one depth as with the fixed focus transducer. One approach is to
create an image by using a sequence of pulses, each one focused to a different depth or
zone within the body. One distinction between the two transducer designs illustrated here
is that the annular array focuses the pulse in two dimensions whereas the linear array
can only focus in the one dimension; that is, in the plane of the transducer. (#ed) i 2L
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Time Gain Compensation (TGC) <2 &)l s (i sl

Due to attenuation in the tissue, the amplitude of the sound pulse diminishes as it travels
into the body, and the echo pulse is similarly attenuated as it travels back toward the
transducer. A particular interface, or 'reflector’, deep in the body therefore produces a
much weaker echo than an identical interface near the surface, as seen in Figure
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Attenuation is compensated and the echoes equalized electronically by swept gain or time
gain compensation (TGC). As soon as the transducer is pulsed, the decibel gain of the
amplifier is steadily and automatically increased, in proportion to the time that has elapsed
and the distance that has been traveled by the sound. In this way, all echoes from identical
interfaces are rendered the same, independent of their depth. Swept gain is typically
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Figure 8.30: Illustration of an echo pulse with and without TGC.
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