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reason of the equal areas of the rings, it also presents fabrication
difficulties. Equal ring areas This invention relates to annular array
trans-      mean that rings of increasing radial distance from ducers for
ultrasonic diagnostic systems and, in      the center of the transducer
must have corre- particular, to annular array transducers having    5
spondingly smallerringwidths.Theouterringsof elements optimized for desired
focal distances       the transducer become thinner and thinner, which and
exhibiting  smooth  transitions between          makes them  fragile,
difficult to fabricate, and successive focal ranges.
difficult to couple to conductors. The use of multi-element transducers for
Other considerations should go into the design ultrasound systems
advantageously permits the   10    of all annular array transducers, such
as phase characteristics of the transducer to be varied       errors across
the face of the transducer. At points electronically. By using different
element combi-    other than the geometric focus the distances from
nations, The aperture and focal depth characteris-   the transducer axis to
different points on the tics can be controllably varied during use, permit-
transducer  surface  are  different.  These ting the collection of highly
resolved information    15    differences, and their effects on signal
phase, will over a wide range of tissue depths. Two types of      affect
transducer performance. Beam width, or multi-element transducers are the
linear array,       aperture, is a second consideration. The ultra- and the
annular array such as that shown in U.S.      sonic beam will naturally
diverge at increasing Patent 4,138,895 (Mezrich). The Mezrich annular
distances from the transducer, but close to the array comprises a flat
plate having a central disc-   20    transducer the size of the beam is
governed by shaped element and an outer concentric ring-          the
physical size of the energized transducer shaped element. For near field
imaging only the       elements. It is desirable on one hand to have a
central element is used, and for far field imaging    large active
transducer for the transmission and the two  elements are  used  together.
The            reception of significant ultrasonic energy, but on elements,
together  or  independently,  are   25    the other hand it is desirable to
maintain a small mechanically focused at infinity due to the flat
aperture for good image resolution. Finally, one plate design. The use of
one or two elements          should consider the step changes in the
aperture changes the size, and hence the amount of energy      as different
rings are activated and deactivated. If which may be transmitted and
collected by the         the aperture changes are not relatively smooth,
transducer, much as squinting and widely open-   30    transitional
distortions will be apparent in the ing the eyelids adjusts the amount of
light           ultrasonic image where rings are switched in and admitted
to the eyes.                                 out at different focal depths.
These distortions A different type of annular array is the curved
generally manifest themselves as banding in the surface annular array,
whereby the elements are       image as the sensitivity of the transducer
formed as parts of a spherical surface. With the   35    experiences step
changes between different focal central disc element at the pole of the
concave       regions. surface of the sphere and concentric ring
US-A-4 241 611 (Specht) discloses a select- elements surrounding it, the
spherical surface        able focus ultrasonic transducer device compris-
annular array is mechanically focused at the          inginaccordance with
the first part of claim1: geometric center of the sphere. This advan-   40
an annular array ultrasonic transducer (1-4, tageously  permits the
collection  of highly         10) having a concave surface of piezoelectric
resolved information in the vicinity of the geo-      material which is
separated into a plurality of metric focal point, but requires
sophisticated        concentric rings (1-4), at least one ring (4) of
techniques when forcing the transducer to focus       relatively greater
radius exhibiting a greater width other than its natural focal point.
45    than at least one ring (2) of relatively lesser Several varieties of
annular arrays have been       radius; and developed. Typical of one kind
is the concave           control means for selectively focusing said
annular array shown in U.S. Patent 4,155,259          transducer over
consecutive regions (Zi, Z2, Z) of (Engeler), in which the piezoelectric
surface is      a given depth of field by selectively activating one
divided into rins of increasing radii but constant       or more of said
rings. width. This array is relatively easy to manufac-        The
selectable focus ultrasonic transducer ture, since the rings are all the
same width, but     device of the present invention is characterised in
presents complications at the electronic interface.   that: The impedance
of each ring is a function of its         the control means is arranged to
activate, as the area, and the area of each ringdiffers from thatof    55
transducer is focused at increasing depths of all others by a factor
proportional to the square of  field, rings of increasing radii in
combination with the radius of the particular ring. Thus, the rings all
rings activated in shorter field regions, each ring present different
impedances to the transmit/         combination used in said consecutive
regions receive electronics.                                  producing a
beam  of ultrasonic energy of a Another kind of concave annular array is
the    60    different aperture (50, 52, 54); and Fresnel plate array, in
which all rings exhibit the     each said ring exhibits a width selected in
same area. A typical Fresnel plate transducer is       accordance with a
predetermined phase criterion illustrated in Figure 7b of the
above-referenced      [err] such that the received signal phase error
Engeler patent. While the Fresnel plate transducer     across the ring
width does not exceed a given alleviates the impedance differential problem
by    65    signal phase change for signals received from the 2  



3               EP 0 104 929  B1 nearest field point at  which  each ssid
ring is over which the transducer is expected to operate initially
activated  as the depth  of field is    and the maximum acceptable phase
error Also, the fabrication process of the ceramic transducer increased,
said signal phase changes being        material should be taken into
consideration. the same for all rings.                          When these
factors are considered the dimen- Preferred features of the invention are
defined    of the array and the individual ring elements in the dependent
claims.              may be optimized for operation of specific ring In
accordance with an embodiment of the          combinations over different
depth of focus present invention, a concave annular array trans-ranges
ducer device is provided having piezoeletric rings    10  What is meant by
acceptable phase error may of different radii designed for opeation at
differ- 10 be understood by referring to Figure 3. Figure 3 ent depths of
focus. The total aperture of the   illustrates the transducer of Figure  1,
with tansducer is divided into a plurality of contigu-        emphasis on
the central disc 1 and the outer ring ous focal detpth.In the near field ,
only the inner  element 3. A center line C emanates from the element or
elements are used to focus the trans-
center of the array into the field of operation in the mitted and received
ultrasound ,The widths of               Z diraction these elements are
chosen to keep phase errors      Ideally  an ultrazonic acho signal
returning from depth of field is increased, piezoeletric rings of  a point
in the region under examination should increasing radii are energized in
combination with  reach every on the face of the tranducer at those already
energized at less distant depths.   20    the same instant in time. If an
echo signal reaches The widths of these rings are also determined in    one
point on a transducer element at one time accordance with phase criteria,
and the transition  and different point on the element at a later time,
depths at which the aperture is changed is chosen   the received signal
will have two different phases to allow the ring widths to be within the
limits of  at the two points of reception. The phase error acceptable
manufacturing tolerances. The aper-   25    developed thereby can lead to
inaccuracies in the tue is chosen in accordance with the focal depth
ultrasonic image when signals from  different and ring radii so that
aperture transitions are kept  elements are combined for image formation
and below the level of incremental change at which      phase cancellation
occurs. banding would appear in the ultrasonic image.         Phase error
analysis is done with respect to two In the drawings:
30    points on the center line C in Figure 3. The phase Figure 1
illustrates a cross-sectional view of a  error is a function of signal
transit time, which concave annular array transducer constructed  in may
also be expressed in terms of the signal path accordance with the present
invention;            length. For instance, the path lengths from the
Figure 1a illustrates a cross-sectional view of an
near field point Z1 to the outer edges of the outer ring of a Fresnel type
annular array trans-   35   central disc 1, 20 and 20', are of equal length
by ducer                                                         reason of
the symmetry of the central disc. Thus a Figure 2 illustrates a planer view
ofthe face of                 signal travelling from point Zi to the
central disc I will reach the edges of the disc at the same instant an
annular array  transducer constructed in      in time. However, a signal
from point Z1 will accordance with the present invention Figure 3
illustrates range and element phase   40    travel a shorter path to reach
the center of the disc charateristics of the transducer of Figure 1;by
reason of the disc curvature. There will thus be Figures 4 and 5 illustrate
aperure charcteris- a phase error radially from the center to the edge tics
of the annular array tranducers;and
of disc 1 for signals received by the disc from Figure 6 illustrates
aperture changes during      point Z1. operation of a multi element annular
array trans-   45  A different situation applies in the case of the ducer
constructed in accordance with the present outer ring 3. The distance 22
from near field point invention                                       Z1 to
the inner edge 3i of element 3 is shorter than Referring concurrently to
Figures 1 and 2, an   the distance 24 from Z1 to the outer edge [err] of
the annular array trasducer consructed  in acord-ring. There will thus be a
phase differential of the ance with the present invention is shown. The
50    received signal across the width of the ring 3. The transducer
comprises a curved  surface of           phase error could only be
eliminated if the ring piezoelectric material, such as lead zirconate tita-
had a width of zero;hence it is necessary to nate which  has been sliced
into rings 1-4, as      consider what magnitude of phase error may be
tolerated, and how narrow a ring width may be shown in Figure 2, which
illustrates the face of the      reliably produced by the ceramic
fabrication tech- transducer. In the cross-sectional view of Figure
nology employed the transducer is shown with a backing 10 com-        At a
far field point Z2,however a different prised of a sound absorbing backing
material  phase error condition exists.When Z2 is less than which may be
laoded with a filler to damp          the distance of thegeometric focal
point of the oscillations from the rear of the transducer. Wires  curvature
of the face of the array the path length 11, 12,13 and 14 are connected to
respective rings   28 to the outer edge [err] is only slightly greater
1,2,3, and 4 to conduct electrical signals to        than the path length
to the inner edge  3i.At the 1, 2, 3 and 4 to conduct electrical signals to
and from the rings.                                     exact geometric
focal point the distances 



The dimensions of the rings and their number       be indentical and beyond
the geometric are determined   by the intended frequency of       the
length relationship reverses .The relative operation of the transducer, the
depth of field   65 3    5              EP 0104929 B1
6 smaller path length differential at the far field   simultaneously using
Z min and Z max for oppo- point Z2 means that signals from that point will
be  site signs and the same magnitude [err]The geo- received with a smaller
phase error across the      metric focal point G is then determined from
width of the ring than is the case from nearer field  these equations,
using a radius r for the desired points. The implication of this
relationship makes    5    resolution (F number) at Z min. For a 5MHz it
desirable to use rings of increasing radii only for  frequency of operation
the geometric focal point far field signal detection, as the phase errors
for the desired depth of field of a 19 mm diameter experienced may then be
within acceptable limits.   transducer was found to be 93 mm. The 93 mm A
second realization is that outer rings of rela-   value is the radius of
curvature of the spherical tively sizable width, which are easier to
fabricate,   10   transducer face. may be used for far field imaging.
A minimal acceptable ring width was then When the outer ring widths of the
transducer      determined in light of the fabrication process exhibit ever
decreasining ng widths, as is the case  used to form the transducer rings.
It was decided for Fresnel plate transducers, they become thin-    that the
transducer rings should be greater than ner and more fragile, and their
ultrasonic   15    0.9 mm in width, and a minimal width of 1.4 mm
properties can change. Figure la shows a thin       was selected. ring 15,
for which the ring width w is approaching    The width of the central
element is then deter- the ring thickness T. The ring 15 is defined by
mined. The desired beam width should now be grooves 16 and 17 in the
piezoelectric material.    considered, since beam width will determine the
During ultrasonic transmission the element will  20    focal
characteristics or aperture of the transducer. resonate so that ultrasonic
waves will emanate      Figure 4 shows a graphical representation of the
from the largest dimensional surface of the trans-  beam width as a
function of distance or depth of ducer, which should be the outer curved
face. But   field. Broken line 42 represents the beam width of when w
approaches the dimension T of the            a fixed focus (single element)
spherical faced thickness, the ring approaches the state where   25
transducer referenced to the theoretical diffrac- resonance transmits
energy from the sides of the    tion limited reference line 40. At short
distances ring into grooves 16 and 17 and into the surround-  the beam
width is large, as it is there primarily a ing rings. The altered
transmissive characteristic  function of the transducer diameter. At
increasing of the thin ring thereby results in a transducer of  distances
the beam converges as it approaches poor efficiency.
30    the geometric focal point G of the spherical The dimensions of the
annular array transducer     surface. The beam is is most highly converged
as of the present invention are determined by first    it tangentially
approaches the theoretical ref- deciding upon the field depth over which
the        erence line just before the geometric focal point transducer is
intended to operate. The depth of     G, whereafter the beam diverges.
field for the embodiment of Figures 1 and 3 was   35  It is desirable to
keep the beam as narrow as fixed at 130 mm, ranging from a minimum depth
possible throughout the rane of interest for good along the Z axis of
Figure 3 of 40 mm (Z min) to a  focal characteristics. Figure 4 indicates
that sub- maximum depth of 170 mm (Z max).                    stantial
improvement may be made in the near The curvature of the transducer was
then fixed     field through use of a small diameter transducer by choosing
a geometric focal point along the Z   40    in the near field. As focal
depth increases the axis. A maximum acceptable phase error of [err]
annular array transducer successively activates (163) was decided upon.
-The geometric focal       the outer rings to optimize the transducer aper-
point was then determined so that the phase error   ture for different
focal depth regions. But as the across the minimal transducer aperture is
the       focal distance increases and more annular rings same magnitude
and of opposite sign at z min   45    are added to the operational
transducer the aper- and Z max, using the relationship
ture is changed in a step-wise manner each time an additional ring is
added. This is expressed by [err]                  the F number of the
aperture, which is calculated as 50                  focal distance     Z
diameter        D where r is the radius of the transducer during operation
at Z min, G is the geometric focal point,   The F number steps should be
minimized to A is the wavelength of the ultrasonic frequency,   55
prevent banding in the ultrasonic images at trans- and Z is either Z min or
Z max. The transducer      itions from one ring combination to the next.
radius r for operation at Z min is chosen by        While it is desirable
to keep the central disc small deciding upon an aperture value at Z min
which      so as to provide a narrow near field beam, gives a desired
resolution at that point. The       consideration must be given to
maintaining F resolution is a function of the F number, which is  60
number increments below the level at which calculated by dividing the focal
distance Z by the  banding occurs as additional rings are activated, 



transducer diameter, 2r. The desired Z min value    without the necessity
of adding a great many thin of 40 mm and a selected F number are then used
rings to the active transducer for maintenance of in this equation to solve
for r. This r value is    a smooth transitional characteristic. inserted
into the above equation, which is solved   65  While only the central disc
1 may be activated 4    7          EP 0104929B1                       8 for
near field focusing, it was found that the use of  trated by Figures 5 and
6. Figure 5 shows a both a central disc 1 and the next annular ring 2 in
reasonably small near field beam width. In Figure n               the near
field provided better resolution. The      5 the aperture is formed by
central disc 1 and ring d               width of the central disc 1 and
first ring 2 was then  2 between points A and B; by the central disc 1
calculated so that the phase error across the disc    5    and rings 2 and
3 between points B and C; and by it               and ring together did not
exceed the desired       the central disc and all three rings beyond point
C. phase criteria of [err]. The formula used was        Figure 6
illustrates the F number aperture characteristics over the depth of field
from Z min [err]                               to Z max. The minimum F
number is seen to be 10   kept between 3.5 and 4.5 throughout the near
field and into the far field. Beyond the 60 mm A   2    Z    G
point the F number increases continuously, since all rings are activated
and the aperture is then The calculations were performed using the
fixed at its maximum size. If the F number were distance Z min for the Z
term and the desired   15   allowed to increase to 6 or drop to 2 in the
near phase criteria of [err] for [err] This fixed the outer  field focal
regions where the aperture is changed, radius [err] of the first ring 2 at
5.6 mm. A ring width  the aperture changes would be severe, fluctuating of
1.5 mm was then chosen for ring 2 and an        by more than 50%. Banding
in the displayed interelement spacing of 0.3 mm was used for the    image
would be evident as the transducer sensi- fabrication technology employed.
This resulted in  20   tivity experienced these sizable step changes, a a
radius of 3.8 mm for the central disc 1           problem which is not
presented by the annular The central disc 1 and ring 2 operate over a
array transducer of the present invention. A con- range from Z min to a
point more distant along     servative design approach would limit F number
the Z axis at which a further ring of at least 1A  transitions to no more
than 20% to 30% of the mm can be added without causing a visible  25
absolute value of the F number. Although the aperture transition (banding
resulting from an F   rings of different widths do not present identical
number change) in the image. Since F number        impedances to the
electronic circuits connected to changes of 50% are to be avoided to
prevent        the rings, the rings do present impedances which banding,
these considerations led to the decision  are all within an acceptable
impedance range. to add the next ring 3 at a range Z of 48 mm. The   30
width of the ring 3 was then calculated from the   Claims phase criteria
[err] using the following formula: 1. A selectable focus ultrasonic
transducer [err]                          device comprising: 35      an
annular array ultrasonic transducer (1-4, having a concave surface of
piezoelectric material which is separated into a plurality of concentric
rings (1-4), at least one ring (4) of with [err] being the outer radius of
ring 3 and [err] being  relatively greater radius exhibiting a greater
width its inner radius. Z is set to 48 mm, tie minimum    40   than at
least one ring (2) of relatively lesser distance at which disc 1 and rings
2 and 3 are      radius; and used together. The [err] term is known to be
the        control means for selectively focusing said outer radius of ring
2, 5.6 mm, plus the interele-  transducer over consecutive regions (Z1, Z2,
Z) of ment spacing of 0.3 mm, giving an [err] term equal to  a given depth
of field by selectively activating one 5.9 mm. The formula is then solved
for [err] and   45    or more of said rings, characterised in that: gives a
ring 3 width value of 1 A mm.                the control means is arranged
to activate, as the The F number of the combination of rings 1, 2,
transducer is focused at increasing depths of and 3 was then plotted to
determine where a        field, rings of increasing radii in combination
with further ring of at least 1A mm should be added     rings activated in
shorter field regions, each ring without causing an F number transition in
excess   50    combination used in said consecutive regions of 50%. These
considerations dictated ending the    producing a beam  of ultrasonic
energy of a second focal region at 60 mm. The phase error       different
aperture (50, 52, 54); and formula used for ring 3 was employed to deter-
each said ring exhibits a width selected in mine the width of the next ring
4. The phase error  accordance with a predetermined phase criterion from
the inner edge to the outer edge of ring 4 at   55   [err] such that the
received signal phase error 60 mm was found to meet the desired phase
across the ring width does not exceed a given criteria of n/1.1 for a ring
4 width of 1.9 mm. This  signal phase change for signals received from the
ring width is advantageously larger than the       nearest field point at
which each said ring is widths of the previous two rings by reason of its
initially activated as the depth of field is 



employment in the vicinity of the geometric focus   60   increased, said
given signal phase changes being point and makes the outer ring less
susceptible to  the same for all rings. breakage. With brittle ceramic
material it is desir-  2. The ultrasonic transducer device of claim 1, able
to make the outer ring as wide as possible.   wherein said aperture
exhibits a transition in size The beam characteristics of the annular array
at adjacent region boundaries which does not transducer having the above
dimensions are illus-   65   exceed 50% of the aperture size of the
aperture of 5    7               EP 0 104 929 B1                        8
for near field focusing,it was found that the use of  trated by Figures 5
and 6. Figure 5 shows a both a central disc 1 and the next annular ring 2
in  reasonably small near field beam width. In Figure the near field
provided better resolution. The      5 the aperture is formed by central
disc 1 and ring width of the central disc 1 and first ring 2 was then  2
between points A and B; by the central disc 1 calculated so that the phase
error across the disc    5    and rings 2 and 3 between points B and C; and
by and ring together did not exceed the desired        the central disc and
all three rings beyond point C. phase criteria of [err] The formula used
was         Figure 6 illustrates the F number aperture characteristics over
the depth of field from Z min to Z max. The minimum F number is seen to be
[err]                              kept between 3.5 and 4.5 throughout the
near field and into the far field. Beyond the 60 mm A   2           Z    G
point the F number increases continuously, since all rings are activated
and the aperture is then The calculations were performed using the
fixed at its maximum size. If the F number were distance Z min for the Z
term and the desired   15   allowed to increase to 6 or drop to 2 in the
near phase criteria of [err] for [err] This fixed the outer  field focal
regions where the aperture is changed, radius [err] of the first ring 2 at
5.6 mm. A ring width  the aperture changes would be severe, fluctuating of
1.5 mm was then chosen for ring 2 and an         by more than 50%. Banding
in the displayed interelement spacing of 0.3 mm was used for the     image
would be evident as the transducer sensi- fabrication technology employed.
This resulted in  20   tivity experienced these sizable step changes, a a
radius of 3.8 mm for the central disc 1.          problem which is not
presented by the annular The central disc 1 and ring 2 operate over a
array transducer of the present invention. A con- range from Z min to a
point more distant along      servative design approach would limit F
number the Z axis at which a further ring of at least 1.4  transitions to
no more than 20% to 30% of the mm  can be added without causing a visible
25    absolute value of the F number. Although the aperture transition
(banding resulting from an F    rings of different widths do not present
identical number change) in the image. Since F number         impedances to
the electronic circuits connected to changes of 50% are to be avoided to
prevent        the rings, the rings do present impedances which banding,
these considerations led to the decision   are all within an acceptable
impedance range. to add the next ring 3 at a range Z of 48 mm. The   30
width of the ring 3 was then calculated from the    Claims phase criteria
[err] using the following formula: 1. A selectable focus ultrasonic
transducer [err]                                    device comprising: 35
an annular array ultrasonic transducer (1-4, 10) having a concave surface
of piezoelectric material which is separated into a plurality of concentric
rings (1-4), at least one ring (41 of with [err] being the outer radius of
ring 3 and [err] being  relatively greater radius exhibiting a greater
width its inner radius. Z is set to 48 mm, the minimum    40   than at
least one ring (2) of relatively lesser distance at which disc 1 and rings
2 and 3 are      radius; and used together. The [err] term is known to be
the         control means for selectively focusing said outer radius of
ring 2, 5.6 mm, plus the interele-  transducer over consecutive regions
(Z1, Z2, Z) of ment spacing of 0.3 mm, giving an [err] term equal to  a
given depth of field by selectively activating one 5.9 mm. The formula is
then solved for [err] and   45    or more of said rings, characterised in
that: gives a ring 3 width value of 1 A mm.                 the control
means is arranged to activate, as the The F number of the combination of
rings 1, 2,    transducer is focused at increasing depths of and 3 was then
plotted to determine where a         field, rings of increasing radii in
combination with further ring of at least 1.4 mm should be added     rings
activated in shorter field regions, each ring without causing an F number
transition in excess   50    combination used in said consecutive regions
of 50%. These considerations dictated ending the    producing a beam  of
ultrasonic energy of a second focal region at 60 mm. The phase error
different aperture (50, 52, 54); and formula used for ring 3 was employed
to deter-        each said ring exhibits a width selected in mine the width
of the next ring 4. The phase error  accordance with a predetermined phase
criterion from the inner edge to the outer edge of ring 4 at   55   [err]
such that the received signal phase error 60 mm was found to meet the
desired phase           across the ring width does not exceed a given
criteria of [err] for a ring 4 width of 1.9 mm. This  signal phase change
for signals received from the 



ring width is advantageously larger than the        nearest field point at
which each said ring is widths of the previous two rings by reason of its
initially activated as the depth of field is employment in the vicinity of
the geometric focus   60   increased, said given signal phase changes being
point and makes the outer ring less susceptible to  the same for all rings.
breakage. With brittle ceramic material it is desir-  2. The ultrasonic
transducer device of claim 1, able to make the outer ring as wide as
possible.    wherein said aperture exhibits a transition in size The beam
characteristics of the annular array     at adjacent region boundaries
which does not transducer having the above dimensions are illus-   65
exceed 50% of the aperture size of the aperture of 5    9               EP
0104929 B1                      10 the near field region of said adjacent
regions.      jeder der genannten Ringe eine Breite aufweist, 3. The
ultrasonic transducer device of claim 2,   die entsprechend einem
vorbestimmten Phasen- wherein the aperture of the transducer exhibits an
kriterium [err] derart ausgewahit ist, daB der F number between 3 and 5 for
near field regions     Phasenfehler des Empfangssignals uber die Ring- and
at least a portion of the region of the given  5    breite eine gegebene
Signalphasenanderung fur depth of field most distant from the transducer.
Signale nicht Oberschreitet, die von dem nAchst- 4. The ultrasonic
transducer device of any one    liegenden   Tiefenscharfepunkt   empfangen
of claims 1 to 3, wherein said nearest field point is  werden, bei dem
jeder genannte Ring anfanglich located on an axis (C) extending normal to
the      aktiviert wird, wenn die Tiefenschirfe zunimmt, center of the
transducer; and wherein said given    10   wobei die genannten gegebenen
Signalphase- signal phase change is approximately [err] -       nanderungen
fur alle Ringe dieselben sind. 5. The ultrasonic transducer device of any
one      2. Ultraschallwandler nach Anspruch 1, bei dem of claims 1 to 4,
wherein the curvature of said     die genannte Apertur einen
GrobSenubergang in concave surface provides said transducer with a
benachbarte Bereichsgrenzen aufweist, die 50% geometric focal point located
in a region of said    t5   der Aperturgr6Be der Apertur des nfichstliegen-
given depth of field which provides the trans-      den Schirfebereichs der
genannten benachbar- ducer with a phase change across the minimal       ten
Bereiche nicht uberschreitet. transducer aperture at the opposite extremes
of       3. Ultraschallwandler nach Anspruch 2, bei dem said depth of field
of the same magnitude and       die Apertur des Wandlers einen Blendenwert
opposite polarity.                            20   zwischen 3 und 5 fur
nahe Schirfebereiche und 6. The ultrasonic transducer device of claim 5,
mindestens einen Teil des Bereichs der gegebe- wherein said geometric focal
point is located in    nen Tiefenscharfe angibt, der am weitesten von the
region of the given depth of field most distant  dem Wandler beabstandet
ist. from the transducer.                                  4.
Ultraschallwandler nach einem der Anspru- 7. The ultrasonic transducer
device of any one    25    che 1 bis 3, bei dem der naheliegendste Tiefen-
of claims 1 to 6, wherin the center ring of said    scharfepunkt auf einer
Achse (C) angeordnet ist, plurality of rings comprises a disc-shaped
die sich senkrecht zu Mitte des Wandlers element (1), and the width of the
ring (4) of       erstreckt; und wobei die genannte gegebene greatest
radius is greater than the widths of the   Signalphaseninderung annahernd
Tr1,1 betragt. rings (2, 3) with radii intermediate the radius of   30  5.
Ultraschallwandler nach einem der AnsprO- said disc-shaped element and said
ring (4) of       che 1 bis 4, bei dem die Krummung der genann- greatest
radius.                                   ten konkaven Oberfliche den
Wandler mit einem 8. The ultrasonic transducer device of claim 7,
geometrischen Brennpunkt versieht, der in einem wherein said disc-shaped
element (1) and the ring   Bereich der genannten gegebenen Tiefenscharfe
(2) surrounding and adjacent said disc-shaped    35   liegt, der bei dem
Wandler eine Phaseninderung element are activated for focusing in the
nearest   uber die kleinste Wandlerapertur an den entge- region of said
given depth of field.                gengesetzten Extremen der genannten
Tiefen- schirfe derselben Grofe und entgegengesetzten Patentanspriche
Polaritat bewirkt. 40      6. Ultraschallwandler nach Anspruch 5, bei dem
1. Ultraschallwandler mit wihlbarem Brenn-        der genannte geometrische
Brennpunkt in dem punktabstand, bestehend aus:
Bereich der gegebenen Tiefenscharfe liegt, der Jv...-   einem
Ultraschallwandler (1-4, 10) ringformi-  von dem Wandler am weitesten
entfernt ist. ger Anordnung mit einer konkaven Oberfliche           7.
Ultraschallwandler nach einem der Anspru- aus piezoelektrischem Material,
das unterteilt ist   45    che 1 bis 6, bei dem  der mittlere Ring der in
eine Mehrzahl von konzentrischen Ringen          genannten Mehrzahl von
Ringen ein scheibenfor- (1-4), wobei mindestens ein Ring (4) mit verhilt-
miges Element (1) umfaBt und die Breite des nismigig grb~erem Radius eine
gr8Bere Breite        Ringes (4) mit grBterm Radius gr6ler ist als die als
mindestens ein Ring (2) mit verhAltnismaBig     Breiten der Ringe (2, 3)
mit Radien, die zwischen kleinerem Radius aufweist; und                50
dem Radius des scheibenformigen Elements und einer Steuerung zum selektiven
Fokussieren        des genannten Ringes (4) mit gro9tem Radius des
genannten Wandlers Ober aufeinanderfol-         liegen. gende Bereiche (Z1,
Z2, Z) einer gegebenen Tie-       8. Ultraschallwandler nach Anspruch 7,
bei dem fenschirfe durch selektives Aktivieren eines oder   das genannte
scheibenformige Element (1) und mehrerer der genannten Ringe, dadurch
gekenn-   55    der Ring (2), der das genannte scheibenformige 



zeichnet, daB                                       Element umgibt und
diesem benachbart ist, zum die Steuerung so angeordnet ist, daB, wenn der
Fokussieren in dem nachstliegendsten Bereich Wandler bei zunehmender
Tiefenschirfe fokus-        der genannten gegebenen Tiefenschbrfe aktiviert
siert wird, Ringe mit zunehmenden Radien in         werden. Verbindung mit
Ringen aktiviert werden, die in   60 Kurzeren Scharfenbereichen aktiviert
sind, wobei    Revendications jede Ringkombination, die in den genannten
auf- einanderfolgenden Bereichen verwendet wird,           1. Un dispositif
de transducteur ultrasonique ou einen Ultraschallenergiestrahl mit anderer
Aper-   le foyer peut etre choisi, comprenant: tur (50, 52, 54) erzeugt;
und                 65      un transducteur ultrasonique (1 A 4, 10) en 6 I
Ililla IIII OIDl1 DID D    11              EP 0104929  BI
12 r6seau annulaire, possedant une surface concave    entre 3 et 5 pour des
zones de champ proches et de matiere piezo6lectrique qui est divisee en
dans lequel au moins une partie de la zone de ia plusieurs anneaux
concentriques (1 a 4), au moins  profondeur donnee de champ est plus
distante du un anneau (4) de rayon relativement plus impor-
transducteur. tant presentant une largeur plus grande qu'au    5   4. Le
dispositif de transducteur ultrasonique moins un an8neau (2) de rayon
relativement plus    selon l'une quelconque des revendications 1 a 3,
faible; et                                         dans lequel lWdit point
de champ le plus proche des moyens de commande pour focaliser s6lec-
est situe sur un axe (C) s'etendant normalement tivement ledit transducteur
sur des zones succes-  au centre du transducteur; et dans lequel ladite
sives (Z1, Z2, Z) d'une profondeur de champ    10    modification donnee de
phase de signal est d'en- donn6e par activation s6lective d'un ou plusieurs
viron TV1.1. desdits anneaux,                                     5. Le
dispositif de transducteur ultrasonique caracteris6 en ce quo
selon l'une quelconque des revendications 1 a 4, le moyen de commando est
agenc6 pour acti-       dans lequel la courbure de ladite surface concave
ver, lorsque le transducteur est focalise a des   15   r6alise pour ledit
transducteur un foyer geometri- profondeurs de champ croissantes, des
anneaux      quo situe dans une zone de ladite profondeur de de rayons
croissants en combinaison avec des       champ donnee qui, sur la largeur
de l'ouverture anneaux actives dans des zones de champ plus        minimale
de transducteur, applique au transduc- courts, chaque combinaison d'anneau
utilise        teur, aux extremes opposes de ladite profondeur dans
lesdites zones consecutives produisant un   20    de champ, une
modification de phase de la meime faisceau d'energie ultrasonique
d'ouverture diffe-  amplitude et de polarite oppos6e. rente (50, 52, 54);
et                               6. Le dispositif de transducteur
ultrasonique en ce que chacun desdits anneaux pr6sente une    selon la
revendication 5, dans lequel ledit foyer largeur choisie selon un critere
de phase pr6d6-   g6ometrique est situe dans la zone de la profon- termine
(4pe) tel quo l'errour de phase de signal   25    deur de champ donnee Ia
plus distante du trans- requ n'excbde pas, sur la largeur de l'anneau, une
ducteur. variation de phase de signal donnee pour des         7. Le
dispositif de transducteur ultrasonique -signaux regus depuis le point de
champ le plus     selon l'une quelconque des revendications 1 a 6, proche
auquel chacun desdits anneaux est initia-    dans lequel l'anneau central
parmi lesdits multi- lement activ6 lorsque la profondeur de champ   30
pies anneaux comprend un element en forme de. augmente, lesdites variations
donneas de phases     disque (1), et la largeur de l'anneau (4) du plus de
signaux etant les memes pour tous les            grand rayon est sup6rieure
aux largeurs des anneaux.
anneaux (2,3) dont les rayons sont interm6diaires 2. Le dispositif de
transducteur ultrasonique     entre le rayon dudit element en forme de
disque selon la revendication 1 dans lequel ladite ouver-  35    et ledit
anneau (4) du plus grand rayon. ture presente une transition en dimension a
des       8. Le dispositif de transducteur ultrasonique limites de region
qui no depassent pas 50% de la    selon la revendication 7, dans lequel
ledit el6ment dimension d'ouverture de l'ouverture de la zone     en forme
de disque (1) et I'anneau (2) qui entoure de champ proche desdites zones
adjacentes.         ledit element en forme de disque et lui est 3. Le
dispositif de transducteur ultrasonique   40    adjacent sont actives pour
la focalisation dans la selon la revendication 2, dans lequel l'ouverture
zone la plus proche de ladite profondeur de du transducteur presente un
nombre F compris        champ donnee. 45 50 55 60 65    


