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Description

�[0001] The invention relates to an ultrasound probe for
ultrasound imaging, more in particular to ultrasound im-
aging using contrast enhancing agents and comprising
two interleaved arrays of transducer elements, each of
said arrays having a longitudinal dimension along which
said transducer elements are placed side by side, a first
one of said interleaved arrays comprising transducer el-
ements having a lower center frequency and a second
one of said interleaved arrays comprising transducer el-
ements having a higher center frequency.

BACKGROUND OF THE INVENTION

�[0002] Such a probe is described in international pat-
ent application no. WO99/35967 and is used for ultra-
sound imaging and more particularly in a multipulse and
enhancement strategy for ultrasound imaging of an ob-
ject containing an ultrasound contrast enhancing imaging
agent.
�[0003] Ultrasound contrast agents can be introduced
into the body to reflect or absorb ultrasound energy, or
to resonate when exposed to such energy, and thereby
provide an enhanced image of a part of the body. Exam-
ples of such contrast agents, in the form of hollow micro-
capsules, are given in Japanese patent applications nos.
508032/1992 and 509745/1994 and in PCT/GB95/02673
(WO96/15814). Such agents are injected into the pa-
tient’s bloodstream and then the patient is subjected to
ultrasound radiation.
�[0004] An ultrasound sequence may comprise a mul-
tiple sequence comprising a first pulse burst at a first
frequency and low amplitude followed by a second pulse
burst at a second frequency and relatively higher ampli-
tude. This second pulse is of sufficient magnitude to in-
duce power enhanced scattering, as defined, in a region
of interest. This is then further followed by a third pulse
burst of a third frequency and lower amplitude.
�[0005] Power enhanced scattering is defined as pro-
viding an acoustic pulse at an amplitude at least sufficient
to cause a change in the acoustic properties of the region
of interest to, for example, cause bubbles to be released
from the microcapsules.
�[0006] A known method of producing an ultrasound
image of an object containing an ultrasonic contrast im-
aging agent comprises subjecting the object to a first
pulse burst of a first sequency and first power, subjecting
the object to a second pulse burst of a second frequency
in combination with a second power for optimal bubble
release and subjecting the object to a third pulse burst
of a third frequency and third power, obtaining a first im-
age of the object as a result of the first pulse burst, ob-
taining a second image of the object as a result of the
third pulse burst and comparing the first and second im-
ages to obtain a final enhanced image.
�[0007] Preferably said first power is a low power rela-
tive to said second power which is a high power and said

third power is a low power relative to said second power.
�[0008] Preferably the first and third pulse bursts are at
a frequency higher than that of the second pulse bursts,
but alternatively the first and third pulse burst may be at
a frequency lower than that of the second pulse burst.
�[0009] Preferably the first and third pulse bursts are
identical or have a defined and known relationship.
�[0010] Preferably the first and third pulse bursts com-
prise a relatively lower number of cycles than the second
pulse burst.
�[0011] The first and third pulse bursts may comprise a
single cycle.
�[0012] The second pulse burst comprises a plurality of
cycles.
�[0013] Preferably the time between the first and third
pulse bursts is less than 100 Ps.
�[0014] The third pulse birst may be combined with or
overlap with the second pulse bursts. Any image pulse
obtained from the third pulse burst can be filtered out
from any interference from the second pulse bursts by
virtue of the difference in frequencies.
�[0015] In the imaging method a first image is obtained
during the first pulse burst and a second image is ob-
tained during the third pulse burst. The second higher
amplitude pulse burst comprises a release burst for re-
lease of bubbles from a suitable agent such as Quanti-
son.
�[0016] Suitable microcapsules include those disclosed
as "QUANTISON"™ microcapsules by Andaris Limited,
and described in WO92/18164 (US 5,518,709),
WO94/08627 and WO96/15814 (USSN 08/676,344 filed
19 July 1996). The microcapsules are made by
spare-drying a solution of serum albumin to form hollow
microcapsules generallly of diameter 1 to 10 Pm; for ex-
ample 90% may have a diameter of 1.0 to 9.0 Pm or 1
to 6.0 Pm, as measured in a Coulter Counter Multmizer
II. However, any gas containing microcapsule, micro-
sphere or microparticle which releases the gas on irrida-
tion with a non-physiologically harmful dose of ultrasound
may be used in the methods of the invention.
�[0017] In an enhancement sequence the first and sec-
ond images obtained during the first and third pulse
bursts are compared with each other to provide a com-
bined improved image, for example by subtractive decor-
relation.
�[0018] A further description of the prior art will now be
given with reference to some of the accompanying draw-
ings in which:-�

Figure 1 shows an exemplary pulse burst sequence;
Figure 2 shows a decorrelation profile obtained using
the pulse burst sequence of Figure 1;
Figure 3 shows an image resulting from an experi-
ment with the first and third pulses without the power
enhanced scattering effect produced by the second
pulse;
Figure 4 shows the images resulting when all three
pulses are present and with Figure 2 shows the ad-
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vantages of decorrelation;
Figure 5 shows a block diagram of a prior art appa-
ratus; and
Figure 6 shows a transducer.

�[0019] With reference to Figure 1, an exemplary mul-
tipulse sequence comprises a first pulse burst 10 at rel-
atively low amplitude and a third pulse burst 14 also at
relatively low amplitude, both pulse bursts being at rela-
tively high frequency, e.g. 5 MHz and relatively fewer
cycles compared to the second pulse burst. A preferred
embodiment comprises a pulse that is shaped for maxi-
mum resolution on imaging. In the specific embodiment
shown only one cycle is used.
�[0020] The first and third pulse bursts are preferably
identical but they may have a defined relationship and in
this case the processing circuitry will compensate to pro-
vide a comparative image.
�[0021] In between these pulse bursts is positioned a
second pulse burst having a power selected for optimal
bubble release. In the embodiment shown the second
pulse burst is a relatively low frequency (e.g. 2 MHz)
pulse burst having a greater amplitude. The second pulse
burst also preferably has a greater number of cycles than
the first pulse burst. Preferably the second pulse burst
comprises a pulse burst that is optimal for gas bubble
release. In a specific embodiment the pulse burst has
four or more cycles.
�[0022] The second pulse burst could, however, be of
higher frequency, in which case the power (amplitude)
of the second pulse burst could for some microcapsules
be lower. What is required is a pulse burst of such fre-
quency and power for the microcapsules that bubble re-
lease occurs and this will depend on a number of factors,
including the type of microcapsule, which factors will be
known to the person skilled in the art.
�[0023] In operation two images are taken, one on each
of the first and third pulse bursts, and the second pulse
burst is used to induce Power Enhanced Scattering
(PES) of bubbles from microcapsules contained in the
region of interest. The image taken during the first pulse
burst is compared with that in the third pulse burst to
obtain an enhanced comparative image.
�[0024] Figure 2 shows the comparison, in this case a
substractive decorrelation obtained from the pulse se-
quence of Figure 1 with thresholding of the data (from
Figures 3 and 4) using an 80% correlation level. This
clearly shows the detection of a single fibre of 200 Pm in
diameter at a depth of 75 mm when the fibre is filled with
QUANTISON. The experiment is set up to simulate a
triggered M-mode with the test object being a single fibre
containing QUANTISON.
�[0025] Figure 3 represents the result of the two Ra-
dio-Frequency (RF) imaging pulses without the high am-
plitude burst, in which no PES and no free air bubbles
are detected.
�[0026] Figure 4 shows the result when the second
burst, in between the image pulses, is switched on.

�[0027] In this case, the second imaging pulse (the third
pulse burst) detects the generated free air bubbles. The
change in amplitude is minimal, due to the high scattering
surrounding material. However, in combination with the
’comparison-based strategy’, these minimal changes
can be accurately detected.
�[0028] The complete pulse sequence should be car-
ried out within as short a period of time as is reasonably
practical, bearing in mind the persistence of the evoked
bubble release, acoustic velocities and depth of region
of interest. In a particular example for the pulse sequence
of Figure 1, the total time period is 100 Ps.
�[0029] Other frequencies can be used for the first/�third
and the second pulse. For example, the first/�third pulses
can be 3 MHz and the second 500 kHz or the first/�third
pulses can be 5 MHz and the second 1 MHz.
�[0030] The power of the first (10) and third (14) pulse
bursts should be such as not to induce any power en-
hanced scattering (release of bubbles) from the QUAN-
TISON. Thus the power of the first and thrid pulses should
preferably not be higher than 0.1 MPa.
�[0031] The power of the centre (second) pulse burst
must be such as to produce power enhanced scattering
as defined, and should preferably be above 0.6 MPa for
QUANTISON.
�[0032] The powers however could vary for other
agents.
�[0033] Because the frequency of the second pulse
burst 12 is different from that of the first/�third pulse bursts,
it is convenient to filter out any residual effects from the
second pulse burst when imaging.
�[0034] This enables the third pulse burst to follow
quickly on after or even overlap the second but as stated
above, it is generally considered that the total sequence
time, which could be as short as possible, will have to be
a minimum of 100 Ps for an object depth of 75 mm for
most practical purposes. The total time could possibly be
shorter if the imaged object was at a shallower depth.
�[0035] Apparatus according to the prior art is illustrated
in Figure 5.
�[0036] A 1 MHz single element transducer 50 (Pana-
metrics, Waltham, MA, USA) with a focus at 7.5 cm is
mounted in a water bath 52 filled with Isoton® II (Coulter
Diagnostics) and used as the high power transmitter. Per-
pendicular to the acoustical beam of this transducer a 5
MHz single element broadband transducer 54 (Panamet-
rics, Waltham, MA, USA), with a focus at 7.5 cm, is mount-
ed and used to probe the target 56 positioned in the center
of the waterbath (transmit/ �receive). The 1 MHz high pow-
er sinusoidal signal of 10 cycles with a peak-peak acous-
tical pressure of 1.8 MPa and repetition rate of 1 Hz is
generated by a pulse generator 58 (PM5716, Philips) a
Wavetek signal generator 60 and a linear power amplifier
62 model A-�500 (ENI, NY). A short 5 MHz pulse is gen-
erated and received by apulser/ �receiver 64 (5052 PR,
Panametrics, Waltham, MA, USA). The received signal
can be amplified from +40 dB to -40 dB in steps of 2 dB.
The amplified signal is filtered with a low pass Chebychev
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filter and digitized by a Lecroy 9400A (Lecroy, Chestnut
Ridge, NY, USA) digital oscilloscope (100 MHz, 8 bits).
The pulser/�receiver is synchronized by a pulse generator
66 (PM 5712, Philips) with a delay of 0.5 ms relative to
the 1 MHz transmitted signal. The output signals are re-
corded over time windows of 10 Ps and transferred to a
personal computer (Compaq 386/20e) for further analy-
sis.
�[0037] In an alternative embodiment the third pulse 12
could be combined within the second pulse since the
scattered signal from the third pulse can be filtered out.
�[0038] This will provide a shorter time period for the
total experiment.
�[0039] For other use, for example for velocity meas-
urement, it is possible for the first and third pulses to be
of relatively low frequency and for the second pulse to
be of relatively higher frequency, i.e. the opposite of the
first example.
�[0040] With reference now to figure 6, a design of a
transducer 600 with a frequency response suitable for
the present invention is shown.
�[0041] In this design two separate transducer ele-
ments 610, 620 are used. The first transducer element
610 is sensitive to low frequency and the second 620 is
sensitive to high frequency. Both elements may be of the
piezoelectric type.
�[0042] The low frequency transducer (type 610) is
used for sending, the other one 620 can be used for both
receiving alone and for transmitting and receiving for im-
aging. For array transducers the two transducer types
(610, 620) can be merged as shown by interleaving the
two types, thereby defining e.g. the odd elements as type
1 and the even elements as type 2. Other distributions
are also possible. Type 2 transducer can be used for
imaging in both the fundamental as well as the second
harmonic mode.
�[0043] The above extensive description of the prior art
leaves much to be desired relative to the physical con-
struction of an ultrasound probe, comprising two inter-
leaving sets of two types of transducer elements.

BRIEF DESCRIPTION OF THE INVENTION

�[0044] It is an object of the present invention to provide
an ultrasound probe that is simple in construction and
can be used in ultrasound imaging using contrast en-
hancing agents, whereto transducer elements of a first
interleaved array are provided on a first, hollow, support
member, transducer elements of a second interleaved
array are provided on a second support member, said
second support member fits within said first support
member, a length of said transducer elements of said
first array in a plane of said array and in a direction sub-
stantially perpendicular to said longitudinal dimension is
larger than a corresponding length of elements of said
second array and said corresponding length of said trans-
ducer elements of said second array is not larger than a
corresponding inside measure of said first, hollow, sup-

port member.
�[0045] Thereby a sturdy and compact construction is
achieved.
�[0046] A preferred embodiment of an ultrasound probe
according to the invention in which a single piece of back-
ing material is connected to all second transducer ele-
ments has an airgap present between a backside of said
first transducer elements and said backing material.
�[0047] Thereby it is achieved that an amplitude of the
ultrasound generated by the first transducer elements is
larger than it would be when said first transducer ele-
ments would have been in contact with a backing.
�[0048] The invention will now be described with refer-
ence to the accompaning drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

�[0049]

Figure 7A is a sideview of a first support element
provided with first transducer elements and electrical
contacts according to a view along lines 7a/�7a shown
in Figure 7B;
Figure 7B is a view along the lines 7b/�7b in Figure 7A;
Figure 8A is a cross-sectional view along the lines
8a/ �8a in Figure 88;
Figure 8B is a view along the lines 8b/�8b in Figure
8A and showing the second support element provid-
ed with second transducer elements and corre-
sponding electrical contacts;
Figure 9A is a view along the lines 9a/�9a of Figure
9B and showing a completed ultrasound porbe ac-
cording to the invention;
Figure 9B is a cross-sectional view along the lines
9b/ �9b in Figure 9A;
Figure 10 is a view of an ultrasound probe according
to the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

�[0050] Figure 7A and 7B show a first support element
101 in the form of a rectangular box without a bottom and
without a top. Across the top side of the support element
101 a number of transducer elements 102a, 102b, ...,
102f, ... is provided and fixedly connected to the support
element 101. Each of the transducer elements is provid-
ed with a corresponding electrical contact 103a, ...,
103f, .... The number of transducer elements 102 may
be 48. The center frequency of each of the elements 102
is relatively low, for example 900 kHz. The transducer
elements 102 are placed side by side, along a longitudinal
direction of the first support element 101. A separation
between subsequent first transducer elements is of the
order of 250 Pm, and the pitch of the array is 0.5 mm.
Each individual transducer element 102 has its own in-
dividual connected ground-contact, for example by using
flexprints 103 connected with conductive epoxy to the
electrode of the transducer elements.
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�[0051] Figures 8A en 8B show the second array mount-
ed on a second support element 110 and comprising
transducer elements 111a, 111b, ... is provided with elec-
trical contacts 112a, 112b, ... each of the transducer el-
ements 111 is in contact with a backing 113. The backing
113 fills the entire innerspace of the second support el-
ement 110. Each of the transducer elements 111 is pro-
vided with suitable matching layers 114. The dimensions
of the transducer elements 111 and of the matching lay-
ers 114 are such that the center frequency and the band-
width of the transducer elements 111 comprise the sec-
ond, third and fourth harmonic of the center frequency of
the transducer elements 102 of the first array. As with
the spacing between the elements 102 of the first array
the spacing between the elements 111 of the second
array is 250 Pm and the pitch between subsequent ele-
ments is 0.5 mm. Also in this case each individual ele-
ment has its own individually connected ground-contact,
for example by using flexprints connected with conduc-
tive epoxy to the electrode of the transducer elements
111. It is also possible for the array to have one ground
contact shared by all elements. Nevertheless in that case
each element also has a contact for the second electrical
contact for connection to a transmitting or receiving de-
vice. The pitches of the first array and of the second array
are the same and their dimensions of the transducer el-
ements 102 and 111 in the longitudinal direction of the
arrays are such that the elements 111 fit neatly in the
spaces 107 between the transducer elements 102 and
the transducer elements 102 fit within the spaces be-
tween the transducer elements 111. Figures 9A, 9B and
10 show the ultrasound probe after the first and the sec-
ond support elements have been integrated.
�[0052] A bottom opening 104 of the first support ele-
ments 101 has been used for the passage of the second
support element 110 into the inside of the first support
element 101. Thereto the dimension b (see Figure 8A)
of the second support element is at most as large as an
inner dimension a (see Figure 7B) of first support element
101. After the second support element 110 has been in-
serted into the inside of the first supported element 101
both are firmly fixed together. As more clearly shown in
Figure 10 the elements 102 and the elements III form a
single transmitting and receiving surface for ultrasound
waves in a fully interleaved way of two separate arrays.
The backing 113 for the element 111 of the second array
does not fill the space between itself and a backside 114
of the transducer elements 102 of the first array.
�[0053] The transducer elements 102 of the first array
have a relatively low center frequency of for example 900
kHz. The bandwidth of the first array can be approximate-
ly 40 to 50 %, which means that the bandwidth expressed
in megahertz is about 40 to 50 % of the centre frequency
of 0.9 MHz. With respect to the first array the bandwidth
is not or not very much important. However regarding the
transducer elements 111 of the second array it is impor-
tant that those elements are able to detect a higher har-
monic, such as a second, a third or a fourth harmonic, of

the center frequency used in the first array. This can for
example be done by designing the thickness and the
matching layers of the transducer elements 111 such that
the center frequency is 2.8 MHz and the bandwidth is
about 80%. The design of such transducer elements and
corresponding matching layers is no problem for a person
skilled in the art and is not part of the present invention
as such.
�[0054] After the foregoing description other modifica-
tions and embodiments will become clear for the persons
skilled in the art. Such modifications and embodiments
are considered part of the present invention and covered
by the following claims.

Claims

1. Ultrasound probe for ultrasound imaging using con-
trast enhancing agents and comprising two inter-
leaved arrays of transducer elements, each of said
arrays having a longitudinal dimension along which
said transducer elements are placed side by side, a
first one of said interleaved arrays comprising trans-
ducer elements having a lower center frequency and
a second one of said interleaved arrays comprising
transducer elements having a higher center frequen-
cy characterized in that said the transducer ele-
ments of said first interleaved array are provided on
a first, hollow, support member, said transducer el-
ements of said second interleaved array are provid-
ed on a second support member, said second sup-
port member fitting within said first support member,
the length of said transducer elements of said first
array in a plane of said array and in a direction sub-
stantially perpendicular to said longitudinal dimen-
sion being larger than the corresponding length of
the elements of said second array and said corre-
sponding length of said transducer elements of said
second array not being larger than the corresponding
inside measure of said first, hollow, support member.

2. Ultrasound probe according to claim 1, wherein said
first, hollow, support member is provided with elec-
trical connections for said first transducer elements
and in that said second support member is provided
with electrical connections for said second transduc-
er elements.

3. Ultrasound probe according to claim 1, wherein said
first, hollow, support member comprises a first open-
ing covered by said first transducer elements and at
least one second opening of sufficient cross section-
al dimensions to allow access to an inside of said
first, hollow, support member by said second support
member provided with said second transducer ele-
ments.

4. Ultrasound probe according to claim 1, wherein each
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of said second transducer elements is provided with
a backing.

5. Ultrasound probe according to claim 4, wherein
spaces between said second transducer elements
are filled with backing material.

6. Ultrasound probe according to claim 5, wherein a
single piece of backing material is connected to all
second transducer elements.

7. Ultrasound probe according to claims 4 or 5, wherein
an airgap is present between a backside of said first
transducer elements and said backing material.

Patentansprüche

1. Ultraschallsonde für die Ultraschallabbildung unter
Verwendung von kontrastverbessernden Agensen
bzw. Mitteln, die zwei ineinander greifende Anord-
nungen von Wandlerelementen aufweist, wobei jede
der Anordnungen eine Längsabmessung besitzt,
entlang der die Wandlerelemente Seite an Seite plat-
ziert sind, wobei eine erste der ineinander greifenden
Anordnungen Wandlerelemente mit einer niedrige-
ren Mittelfrequenz besitzt, und eine zweite der inein-
ander greifenden Anordnungen Wandlerelemente
mit einer höheren Mittelfrequenz besitzt, dadurch
gekennzeichnet, dass die Wandlerelemente der
ersten ineinander greifenden Anordnung an einem
ersten hohlen Tragglied vorgesehen sind, wobei die
Wandlerelemente der zweiten ineinander greifen-
den Anordnung an einem zweiten Tragglied vorge-
sehen sind, wobei das zweite Tragglied in das erste
Tragglied passt, wobei die Länge der Wandlerele-
mente der ersten Anordnung in einer Ebene der An-
ordnung und in einer Richtung im Wesentlichen
senkrecht zu der Längsabmessung größer ist als die
entsprechende Länge der Elemente der zweiten An-
ordnung, und wobei die entsprechende Länge der
Wandlerelemente der zweiten Anordnung nicht grö-
ßer als die entsprechend Innenabmessung des er-
sten hohlen Traggliedes ist.

2. Ultraschallsonde nach Anspruch 1, wobei das erste
hohle Tragglied mit elektrischen Verbindungen für
die ersten Wandlerelemente versehen ist, und wobei
das zweite Tragglied mit elektrischen Verbindungen
für die zweiten Wandlerelemente versehen ist.

3. Ultraschallsonde nach Anspruch 1, wobei das erste
hohle Tragglied eine erste Öffnung aufweist, die
durch die ersten Wandlerelemente abgedeckt ist,
und wobei wenigstens eine zweite Öffnung mit aus-
reichenden Querschnittsabmessungen vorgesehen
ist, um einen Zugriff auf das Innere des ersten hohlen
Traggliedes durch das zweite Tragglied, das mit den

zweiten Wandlerelementen versehen ist, zu erlau-
ben.

4. Ultraschallsonde nach Anspruch 1, wobei jedes der
zweiten Wandlerelemente mit einem Backing bzw.
einer Unterstützung versehen ist.

5. Ultraschallsonde nach Anspruch 4, wobei Räume
zwischen den zweiten Wandlerelementen mit
Backing bzw. Stützmaterial gefüllt sind.

6. Ultraschallsonde nach Anspruch 5, wobei ein einzel-
nes Stück aus Stützmaterial mit allen zweiten Wand-
lerelementen verbunden ist.

7. Ultraschallsonde nach Anspruch 4 oder 5, wobei ein
Luftspalt zwischen einer Rückseite der ersten Wand-
lerelemente und dem Stützmaterial vorgesehen ist.

Revendications

1. Sonde à ultrasons pour l’imagerie ultrasonore utili-
sant des agents d’accentuation du contraste, et com-
prenant deux séries intercalées d’éléments de trans-
ducteur, chacune desdites séries ayant une dimen-
sion longitudinale le long de laquelle lesdits éléments
de transducteur sont placés côté à côte, une premiè-
re série desdites séries intercalées comprenant des
éléments de transducteur ayant une fréquence Cen-
trale inférieure et une deuxième série desdites séries
intercalées comprenant des éléments de transduc-
teur ayant une fréquence centrale supérieure, ca-
ractérisée en ce que  lesdits éléments de transduc-
teur de ladite première série intercalée sont fournis
sur un premier élément de support creux, lesdits élé-
ments de transducteur de ladite deuxième série in-
tercalée sont fournis sur un deuxième élément de
support, ledit deuxième élément de support étant
ajusté à l’intérieur dudit premier élément de support,
la longueur desdits éléments de transducteur de la-
dite première série dans un plan de ladite série et
dans une direction sensiblement perpendiculaire à
ladite dimension longitudinale étant supérieure à la
longueur correspondante des éléments de ladite
deuxième série, et ladite longueur correspondante
desdits éléments de transducteur de ladite deuxiè-
me série n’étant pas supérieure à la mesure interne
correspondante dudit premier élément de support
creux.

2. Sonde à ultrasons selon la revendication 1, dans la-
quelle ledit premier élément de support creux est
doté de connexions électriques pour lesdits premiers
éléments de transducteur, et en ce que ledit deuxiè-
me-�élément de support est doté de connexions élec-
triques pour lesdits deuxièmes éléments de trans-
ducteur.
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3. Sonde à ultrasons selon la revendication 1, dans la-
quelle ledit premier élément de support creux com-
prend une première ouverture recouverte par lesdits
premiers éléments de transducteur, et au moins une
deuxième ouverture aux dimensions transversales
suffisantes pour permettre l’accès à un intérieur dudit
premier élément de support creux par ledit deuxième
élément de support doté desdits deuxièmes élé-
ments de transducteur.

4. Sonde à ultrasons selon la revendication 1, dans la-
quelle chacun desdits deuxièmes éléments de trans-
ducteur est doté d’un renforcement.

5. Sonde à ultrasons selon la revendication 4, dans la-
quelle les espaces entre lesdits deuxièmes éléments
de transducteur sont remplis avec un matériau de
remplissage.

6. Sonde à ultrasons selon la revendication 5, dans la-
quelle une seule pièce du matériau de remplissage
est connectée à l’ensemble des deuxièmes élé-
ments de transducteur.

7. Sonde à ultrasons selon la revendication 4 ou 5, dans
laquelle un espace d’air est présent entre un côté
arrière desdits premiers éléments de transducteur
et ledit matériau de remplissage.
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