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ANNULAR TRANSDUCER ARRAY FOR MEDICAL IMAGING 

Graham Sommer, M.D., Victor Perez-Mendez, Ph.D., and John Baker 

Radiology Department, University of California, San Francisco 

and Lawrence Berkeley Laboratory 

The construction of an array of ultrasonic transducers for use in 

B-mode medical imaging is described. The design, consisting of an annular 

array of receiving elements surrounding a central emitter, is intended to 

improve scan quality through the detection of echo pulses returning off the 

central axis. Scans of test objects performed using the annular array, when 

compared to images obtained using a single transducer as both emitter and 

receiver, indicate an improvement in scan quality due to increased detect

ability of interfaces angulated with respect to the incident ultrasonic beam. 

INTRODUCTION 

Conventional B~mode ultrasonic medical imaging involves image recon

struction ulilizing echo pulses received by a single hand-held piezoelectric 

transducer which functions alternately as emitter and receiver. Using this 

technique, echo pulses arising from acoustical interfaces in the body which 

are,angulated with respect to the incident beam, may arrive off-axis and not 

be detected by the single transducer employed. In order to record a higher 

proportion of off-axis echo pulses and image the interfaces they represent, 

a transducer array design consisting of a number of receiving elements sur

rounding a central emitter probe has been suggested. l ,2,3 The design of such 

an array, intended to be used in conjunction with a standard ultrasound machine 

used in B-mode medical imaging, will be discussed and images of test objects 

presented. 
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DESIGN OF THE ARRAY 

As receiver elements, standard piezoelectric discs (19 mm. diameter 

PZT-5A discs resonant at 2.25 MHz) were employed. In preliminary testing, 

a number of such discs were mounted separately in phenolic plastic material 

so as to test the effects of various disc backing and acoustical matching 
4 schemes on transducer response to an incident ultrasonic pulse. Acoustical 

matching of a number of discs to a water load was achieved by means of suc

cessive quarter-wave layers of lucite and quartz glass, a technique described 

by Auld, et ~.5,6 The quarter-wave layers were affixed to the PZT-5A discs 

using Eastman 910 Adhesive. As disc backing material, tungsten powder and 

epoxy mixture in proportions varying from 15% to 70% tungsten by weight were 

employed. The mixtures were poured directly onto the test discs to give a 

3 cm. thickness of backing agent. Acoustical matching of some test discs 

to tungsten-epoxy backing agent was achieved by using a single quarter-wave 

layer of quartz glass. Transducer response of test discs with a variety of 

such backing and matching combinations were then assessed in a water bath, 

by means of a repetitive pulse from a commercially-obtained 2.25 MHz trans

ducer directed at the surface of a given test disc. Representative test 

data is shown in Figure 1. It can be seen that disc sensitivity is increased 
\ 

by means of the load-matching scheme employed. A backing mixture of 50% 

tungsten powder in epoxy was judged to give satisfactory damping without 

significantly reducing sensitivity. Discs backed with mixture containing 

higher prop'ortions of tungsten, and discs which were matched to backing, 

showed decreased sensitivity without a significant improvement in damping. 

An assessment of the angular acceptance of transducer response (i.e., 

~ransducer response as a function of disc angulation with respect to an 

incident ultrasonic wavefront) was necessary before the final design of the 

• 



• 

- 3 -

array could be achieved. Angular acceptance of the previously described 

test discs with various backing and matching schemes were assessed in a 

water bath by rotating the individual test discs about an axis parallel to 

the disc surface while a repetitive pulse from a fixed 2.25 MHz transducer 

was directed at the test disc. Representative data are shown in Figure 2. 

The relatively rapid decrease in amplitude with increasing angle of incidence 

is a function of the relatively large transducer dimensions compared to the 

wavelength of the incident ultrasonic pulses. 7 The amplitude of response 

of the test disc considered to represent an optimum trade-off between damping 

and sensitivity (50% tungsten-backed, matched~to-load) is seen to fall to 

half of maximum value when the test disc surface is angled at 4.50 with 

respect to the incident wavefront. 

The transducer array is shown in Figure 4. The array housing was 

constructed of phenolic plastic material, with a separate holder of phenoli~ 

. plastic for the central emitting transducer affixed to the receiving array 

housing by means of nylon screws. A 2 mm. air gap is present between the 

, emitter probe and its holder to assure acoustic isolation from the receiver 

elements. The central transducer is a 2.25 MHz 19 mm. diameter commercial 

probe with long internal focus. Eighteen receiver discs are present in the 

receiving array, six in an inner ring, twelve in an outer ring. The receiving 

discs are as previously described, matched-to-load and with a 3 cm. thick 

• 50% tungsten-epoxy backing. As a result of the angular acceptance data 

obtained, it was decided alternately to aim the discs in the outer ring at 
• the near, middle, and far fields (6.5 cm., 10 cm., and 17 cm. along the cen

tral axis respectively). The inner ring discs 'are aimed alternately at the 

near and far fields (7 cm. and 16 cm. along the central axis respectively). 
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This design was intended to achieve a relatively uniform response from the 

central axis of the array along which the central emitted beam travels. 

The return path length of a reflected echo pulse to the receiving array 

is a function of the cosine of the angle between the central array axis and 

the path length of the emitted beam. The return path length is thus also a 

function of the position along the central axis at which a reflection occurs 

and of the radius of the transducer ring at which an echo is detected 

(Figure 3). In order to make corrections for differing return path lengths 

to the individual receiver elements in the array, an appropriate correction 

for each disc was calculated, the correction in return path being a function 

of the radius of the annulus in which a disc is located and the position along 

the central axis at which it is aimed. The individual discs were then re

cessed into the array so as to provide appropriate path length corrections. 

The inherent directionality of the discs is thus used to correct for varia

bility of return path length to differing receiver elements. 

IMAGING OF TEST OBJECTS WITH THE ARRAY 

The array was used, in conjunction with a Picker Echoview VIllA 

ultrasound machine, to scan test objects in a water bath. The array was 

affixed to the arm of the Picker machine and connected electronically by 

means of circuitry which permitted successive switching among the 18 trans

ducer elements with each emitted pulse from the central transducer. Such 

switching circuitry was necessary to prevent the loading of one receiver's 

response across the remaining receiver discs and to prevent interference 

effects among the receiver elements. The circuitry employed,illustrated 

in Figure 5, accepts input pulses from the Picker Echoview and initially 

employs a pulse shaper and attenuater to give a unipolar logic pulse of 

• 
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indeterminate length. A 1 MHz clock is then utilized in the transformation 

to a 2 microsecond standard pulse as shown. An 18 position end-around shift 

register then provides digital control for 18 analogue switches, one for 

each of the array receiver elements. 

In order to permit imaging of test objects immersed in a water bath, 

the array was fixed to a lucite bar which slid in a groove atop a water tank. 

It was then a simple matter to scan a given test object using the array ele

ments as receivers, then to repeat the test object scan using the central 

transducer as both emitter and receiver so as to achieve a comparison image. 

Early images were obtained using a brass plate which could be angulated with 

respect to the incident beam. The plane was positioned 10 cm. from the tip 

of the central probe, and B-mode images of the plane were obtained while 

progressively angulating the brass plate. Using the central transducer as 

both emitter and receiver in the conventional manner, the plane could be 

imaged when angled up to 8° on either side of the perpendicular direction 

which gave a maximum response. Using the same output and receiver gain 

settings, the plane could be imaged when angled up to 18° on either side of 

moximum, using the central probe as emitter and array elements as receiver. 

Images of a latex rubber sphere filled with sucrose solution were 

obtained using the central probe as both emitter and receiver, and using 

the array elements as receivers (Figure 6). The image obtained with the 

• array in this case was performed prior to the construction of the electronics 

shown in Figure 5 and was performed in 18 successive passes over the test 

object while manually switching among the receiver dtscs. The same output 

and receiver gain settings were used in performing these comparison images. 

More of the surface of this test object was visualized using the array ele

ments as receivers. In the image obtained with the array, the surface of 
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the sphere is represented as a series of bars several mm. long rather than 

the better defined points making up the single-probe image. 

An example of an image obtained using the switching circuitry of Figure 5 

is shown in Figure 7 (bottom). This image was obtained using the array as 

adapted for use in patient scanning, by means of a deformable latex rubber 

membrane enclosing a water bath adjacent to the receiver array elements. 

The array was then scanned across the surface of a plexiglass case contain

ing an anencephalic fetus (Figure 7, top). A single-probe scan obtained 

using the same output and gain settings as for the scan made using the array 

is reproduced in the middle image of Figure 7. Some portions of fetal 

anatomy, including head, arm and leg regions, are more fully defined in the 

bottom image of Figure 7, performed using the array as receivers. 

DISCUSSION 

As indicated in the introductory section, the object of constructing 

the array described was to assess whether such a large aperture receiving 

array might be of value in improving B-mode image quality in a pulse-echo 

imaging system through the detection of echo pulses returning off-axis. 

Results of imaging the brass plate which was angulated progressively with 

respect to the incident ultrasonic beam from the central transducer indicate 

that the array is capable of detecting interfaces angulated through a con

siderably wider range than the central transducer alone acting as emitter 

and receiver. This ability of the array leads to better definition of test 

objects such as the sphere and fetus, as shown in the scan images presented. 

It was noted that, using the array, the surfaces of some test objects were 

recorded as a series of bars several millimeters long, rather than well

defined points. We feel that this appearance is a result of the processing 

methodwhththe~~er ultrasound machine uses in displaying received signals. 

t 
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It can be seen that no obvious artifacts attributable to internal 

reflection echoes were noted in the scan images of the fetus performed using 

a deformable membrane enclosing a water bath adjacent to the array elements. 

• Patient imaging with the array should be feasible, passing the membrane

enclosed array across a patientJs surface. In clinical imaging of a patient 
(~ 

;j with a single hand-held transducer, image detail is generally built up by 

repeatedly sweeping the transducer head through an angle as it is held at 

various points on the skin surface, a procedure referred to as sector scanning. 

Patient scanning with an annular array may well be of value in decreasing 

the amount of sector scanning needed to achieve a diagnostic image. A 

patient image produced with an annular array might also be expected to be 

less dependent on operator skill than a single probe image, in which the 

appearance of the final image is largely dependent on the amount and dis-

tribution of sector scanning. Since only one receiver element in the array 

is active for each emitted pulse, the speed with which the annular array 

can be moved across a patient's surface for maximum data acquisition will 

be slower than with single probe systems. Imaging of test objects with the 

array used in conjunction with switching circuitry has indicated that the 

repetition rate of the emitted pulse (1 KHz in our studies) was sufficient 

to permit scanning at a reasonable rate without loss of image detail. 
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LEGENDS 

Figure 1. Responses of 19 millimeter PZT-5A discs resonant at 2.25 MHz, 

in a water bath, to an incident ultrasonic pulse. Top: 50% 

tungsten-epoxy backed, matched to water load. Middle: air-backed, 

matched to water load. Bottom: air-backed, not matched to load. 

Figure 2. Angular acceptance data for PZT-5A test discs applying various 

backing and matching schemes. Test discs were progressively 

angulated in a water bath with respect to an emitted beam from 

a fixed, commercially-obtained transducer. Matching to load was 

achieved by means of successive quarter-wave layers of quartz glass 

and plexiglas. Matching to tungsten-epoxy backing was via a single 

quarter-wave layer of quartz glass. 

Figure 3. Diagramatic representation of the array showing receiving transducers 

surrounding a central emitter probe. The length of the return 

echo-path to a given receiving element is seen to bea function of 

the path length of the emitted beam (D) and the radius of the 

annulus in which the receiving transducer is situated (R). 

Figure 4. The receiving array consists of two rings of receiver elements, 

matched and backed as described, and housed in phenolic plastic 

rna teri a 1 . The centra 1 emi tter probe, a commerc i a lly-obta i ned 

transducer, is mounted in a separate holder and acoustically 

isolated by means of an air gap. 

Figure 5. Switching circuitry employed to switch successively among receiver 

elements. An end-around shift register ;s employed to provide 

digital control for 18 analogue switches, one to each of the 

individual receiver elements in the array. 
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r"igure 6. Top: B-mode scan of a sucrose solution-filled, spherical latex 

rubber phantom obtained using a single transducer probe as both 

emitter and receiver. Bottom: scan through the same portion 

of the phantom performed using the array elements as receivers. 

It can be noted that more of the surface of the phantom is imaged 

using the array elements as receivers. 

Figure 7. Top: anencephalic fetus in lucite speciment case. MIddle: B-mode 

scan of fetus obtained in a single pass using the central trans

ducer as both emitter and receiver. Bottom: B-mode scan, made 

in a single pass, using the annular array as receiver. The scan 

performed us i ng the array shows more deta 11 of some porti ons of 

fetal anatomy than the single-probe scan obtained at the same 

receiver gain settings. 

• 
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Fig. 4 
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