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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the field of ul-
trasonics. and is defined in the claims.Other embodi-
ments are merely exemplary.
[0002] Embodiments relate to an ultrasonic probe, an
ultrasonic imaging apparatus and a fabricating method
thereof, and more particularly, to an ultrasonic probe, an
ultrasonic imaging apparatus and a fabricating method
thereof for enhancing vibration property and improving
focusing of ultrasonic images to obtain clear images.
[0003] Ultrasound is a method of examining tissues of
the human body using ultrasonic waves, which irradiates
ultrasonic waves to an affected area of the human body
and detects an abnormal tissue through an image gen-
erated from a reflected signal. The ultrasound is used to
diagnose lesions such as a tumor or test embryos.
[0004] Ultrasonic waves are defined as sound having
a frequency higher than a frequency range that people
can hear, generally, 20,000Hz to 30MHz. Ultrasonic
waves for diagnosis of the human body are in the range
of 1 MHz to 20MHz.
[0005] An ultrasonic imaging apparatus used for ultra-
sound may be divided into three parts, that is, an ultra-
sonic probe, a signal processor and a display. The ultra-
sonic probe converts electric and ultrasonic signals and
the signal processor processes receiving signals and
transmitting signals. The display generates images using
signals obtained from the ultrasonic probe and the signal
processor. Particularly, the ultrasonic probe is an impor-
tant part that determines the quality of an ultrasonic im-
age.
[0006] The ultrasonic probe includes a piezoelectric
wafer, an electrode, an acoustic matching layer, a printed
circuit board and an acoustic lens, in general. The size
of the ultrasonic probe is decreasing, which requires a
method of arranging wiring patterns for processing ultra-
sonic and electric signals in the ultrasonic probe and a
technique for improving vibration property and focusing
to obtain clear ultrasonic images and widen a signal
bandwidth.
[0007] Embodiments of the present invention provide
an ultrasonic probe, an ultrasonic imaging apparatus and
a fabricating method thereof for enhancing the vibration
property of the ultrasonic imaging apparatus an improv-
ing focusing of ultrasonic images to obtain clear images.
[0008] In one aspect, there is provided an ultrasonic
probe including a rear block having a predetermined
thickness, a flexible printed circuit board stacked on the
rear block to surround the top face and side of the rear
block and having wiring patterns formed thereon, a pie-
zoelectric wafer stacked on the top face of the flexible
printed circuit board and having upper and lower elec-
trodes respectively formed on both sides thereof and a
plurality of second holes formed therein, a ground elec-
trode plate stacked on the top face of the piezoelectric

wafer, bonded to the upper electrode and connected to
a ground layer of the flexible printed circuit board, an
acoustic matching layer stacked on the top face of the
ground electrode plate, an acoustic lens bonded onto the
acoustic matching layer, and a plurality of slots formed
in the direction perpendicular to the second holes and
ranging from in the acoustic matching layer to the top of
the rear block.
[0009] In an embodiment, the flexible printed circuit
board includes a base film formed of an insulating mate-
rial and having a bottom face bonded onto the rear block
and a top face opposite to the bottom face, and wiring
patterns formed on both sides of the base film. The wiring
patterns includes a central wiring pattern that is formed
on the top face of the base film, has a central pad formed
between neighboring second holes, is connected to the
central pad through a via and is extended to the outside
of the rear block through the bottom face of the base film,
a first wiring pattern that has a first pad formed at one
side of the central pad, is connected to the first pad and
is arranged at one side of the top face of the base film,
a second wiring pattern that has second pad formed on
the other side of the central pad, is connected to the sec-
ond pad and is arranged at the other side of the top face
of the base film, a protective layer formed on the bottom
face of the central wiring pattern and the top faces of the
first and second wiring patterns to protect the central wir-
ing pattern, the first and second wiring patterns, and a
ground layer formed on the protective layer formed on
the top faces of the first and second wiring patterns and
connected to the ground electrode plate.
[0010] In another aspect, there is provided an ultrason-
ic imaging apparatus includes the ultrasonic probe and
a main body having a connector connected to the ultra-
sonic probe.
[0011] In yet another aspect, there is provided a meth-
od of fabricating an ultrasonic probe, which includes a
first stacking step of sequentially stacking a piezoelectric
wafer, a ground electrode plate and an acoustic matching
layer, a second hole forming step of forming a plurality
of second holes in the piezoelectric wafer, a second
stacking step of sequentially stacking a rear block and a
flexible printed circuit board, a third stacking step of stack-
ing the piezoelectric wafer on the flexible printed circuit
board, a slot forming step of forming a plurality of slots
perpendicular to the second holes such that the slots
range from the acoustic matching layer to the top of the
rear block, and a bonding step of bonding an acoustic
lens onto the acoustic matching layer.
[0012] Holes may be formed in at least one of the rear
block, the piezoelectric wafer and the acoustic matching
layer and a plurality of slots are formed through a one-
time dicing process such that the slots range from the
acoustic matching layer to the top of the rear block to
form a wiring patterns in the form of a matrix array. Ac-
cordingly, the vibration property and focusing can be im-
proved to obtain clear images.
[0013] Furthermore, the present invention reduces ul-
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trasonic signal interference and provides a wide band-
width and high sensitivity.
[0014] Moreover, a wiring pattern is arranged in the
form of a matrix array to control ultrasonic signals or pow-
er used for ultrasound, and thus it is possible to adjust a
focusing depth, extend an ultrasound area and obtain
clear images.
[0015] In addition, the connector that connects the ul-
trasonic probe to the main body of the ultrasonic imaging
apparatus is located on the top of the main body, and
thus users can use the ultrasonic imaging apparatus con-
veniently.
[0016] The above and other features and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 illustrates an ultrasonic imaging apparatus
according to a first embodiment of the present inven-
tion;
FIG. 2A is a cross-sectional view of an ultrasonic
probe according to the first embodiment of the
present invention;
FIG. 2B is a perspective view of the ultrasonic probe
according to the first embodiment of the present in-
vention;
FIG. 3 is a perspective view of a flexible printed circuit
board according to an embodiment of the present
invention;
FIG. 4A is a cross-sectional view taken along line A-
A of FIG. 3;
FIG. 4B is a cross-sectional view taken along line B-
B of FIG. 3;
FIG. 5 is a flowchart showing a method of fabricating
the ultrasonic probe according to the first embodi-
ment;
FIG. 6 illustrates a method of forming slots of the
ultrasonic probe according to the first embodiment;
FIG. 7 is a cross-sectional view of an ultrasonic probe
according to a second embodiment;
FIG. 8 is a flowchart showing a method of fabricating
the ultrasonic probe according to the second embod-
iment;
FIG. 9 is a cross-sectional view of an ultrasonic probe
according to a third embodiment;
FIG. 10 is a flowchart showing a method of fabricat-
ing the ultrasonic probe according to the third em-
bodiment;
FIG. 11A is a cross-sectional view of an ultrasonic
probe according to a fourth embodiment;
FIG. 11B is a perspective view of the ultrasonic probe
according to the fourth embodiment; and
FIG. 12 is a flowchart showing a method of fabricat-
ing the ultrasonic probe according to the fourth em-
bodiment.

[0017] The present invention will now be described
more fully with reference to the accompanying drawings,

in which exemplary embodiments of the invention are
shown. Throughout the drawings, like reference numer-
als refer to like elements.
[0018] Referring to FIG. 1, the ultrasonic imaging ap-
paratus 1 includes a main body 11, an ultrasonic probe
100, a display 13 and an input unit 14.
[0019] The main body 11 includes a signal processor
that transmits and receives electric and ultrasonic signals
and a storage unit that stores application programs and
data required for ultrasound. Further, a connector 15 for
connecting the ultrasonic probe 100 to the main body 11
is provided outside the main body 11. The connector 15
is placed on the top of the main body 11 such that a user
can easily connect the ultrasonic probe 100 to the main
body 11.
[0020] The ultrasonic probe 100 includes an acoustic
lens 80 coming into contact with an affected area of a
patient and a case 90 covering the other components of
the ultrasonic probe 100. The acoustic lens 80 is used
for focusing an ultrasonic image and arranged to cover
an acoustic matching layer placed under the acoustic
lens 80. The acoustic lens 80 may be made of silicon.
The other components of the ultrasonic probe 100, cov-
ered with the case 90, will be explained in detail later.
[0021] The display 13 displays ultrasonic images ob-
tained through application programs executed for ultra-
sound and examination.
[0022] The input unit 14 is used to execute the appli-
cation programs or input data required for examination
and includes a plurality of keys.
[0023] The ultrasonic probe 100 according to the first
embodiment of the present invention will now be ex-
plained with reference to FIGS. 2A and 2B. FIG. 2A is a
cross-sectional view of the ultrasonic probe 100 accord-
ing to the first embodiment of the present invention and
FIG. 2B is a perspective view of the ultrasonic probe 100
according to the first embodiment of the present inven-
tion.
[0024] The ultrasonic probe 100 according to the first
embodiment of the present invention includes a rear
block 10, a flexible printed circuit board 20, a piezoelectric
wafer 50, a ground electrode plate 60 and an acoustic
matching layer 70, which are sequentially stacked. While
the ultrasonic probe 100 according to the first embodi-
ment of the present invention includes the acoustic lens
80 (shown in FIG. 1) placed on the acoustic matching
layer 70, the acoustic lens is not shown in FIGS. 2A and
2B.
[0025] The rear block 10 is located at the bottom of the
ultrasonic probe 100 and absorbs unnecessary ultrason-
ic signals traveling to the rear block 10 from the piezoe-
lectric wafer 50.
[0026] The flexible printed circuit board 20 is located
on the top face of the rear block 10 and has wiring patterns
formed on both sides thereof. The flexible printed circuit
board 20 will be explained in more detail later.
[0027] The piezoelectric wafer 50 is arranged on the
top face of the flexible printed circuit board 20. The pie-
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zoelectric wafer 50 has upper and lower electrodes 55
and 57 which are respectively formed on top and bottom
surfaces thereof and a plurality of second holes 53.
[0028] While two second holes 53 are formed in the
piezoelectric wafer 50 in the first embodiment of the
present invention, the number of second holes 53 is not
limited thereto. The piezoelectric wafer 50 may be formed
of PZT or PMN-PT. The upper and lower electrodes 55
and 57 are formed through sputtering, electron beam,
thermal evaporation or electroplating. The upper elec-
trode 55 is connected to the ground electrode plate 60
and the lower electrode 57 is connected to the flexible
printed circuit board 20.
[0029] The ground electrode plate 60 has a metal layer
formed on the top face thereof and an insulating layer
formed on the bottom face thereof and surrounds the top
face and the side of the piezoelectric wafer 50. The flex-
ible printed circuit board 20 includes a ground layer. The
bottom end of the ground electrode plate 60 is connected
to the ground layer of the flexible printed circuit board 20.
[0030] The acoustic matching layer 70 is made of metal
powder or ceramic powder and formed on the top face
of the ground electrode plate 60.
[0031] A plurality of slots 83 are formed such that the
plurality of slots 83 range from the acoustic matching
layer 70 to the top of the rear block 10 in the direction
perpendicular to the second holes 53. While the ultra-
sonic probe 100 according to the first embodiment of the
present invention has five slots 83, the number of slots
83 is not limited thereto.
[0032] The acoustic lens (not shown) is used for focus-
ing ultrasonic images and located on the top face of the
acoustic matching layer 70.
[0033] The flexible printed circuit board 20 and the wir-
ing patterns according to the first embodiment of the
present invention will now be explained with reference
to FIGS. 2A, 2B, 3, 4A and 4B. FIG. 3 is a perspective
view of the flexible printed circuit 20, FIG. 4A is a cross-
sectional view taken along line A-A of FIG. 3 and FIG.
4B is a cross-sectional view taken along line B-B of FIG. 3.
[0034] FIG. 3 shows the flexible printed circuit board
20 before the slots 83 are formed therein. Positions of
the slots 83 are indicated by dotted lines in FIG. 3.
[0035] Referring to FIGS. 2A, 2B, 3, 4A and 4B, the
flexible printed circuit board 20 includes a base film 31
and wiring patterns. The base film 31 is made of an in-
sulating material. The bottom face of the base film 31 is
bonded to the top face of the rear block 10 and the top
face thereof is opposite to the bottom face. The wiring
patterns are divided into a central wiring pattern 33, a
first wiring pattern 35 and a second wiring pattern 37 and
formed on both sides of the base film 31.
[0036] The central wiring pattern 33 is formed on the
top face of the base film 31 and includes a central pad
43 formed in the region between neighboring second
holes 53. The central wiring pattern 33 is connected to
the central pad 43 through a via 39 and extended to the
outside of the rear block 10 through the bottom face of

the base film 31. Here, the central wiring pattern 33 is
alternately arranged on one side and the other side of
the central pad 43. Accordingly, the central wiring pattern
33 shown in FIG. 4A is located at the right side of the
central pad 43 while the central wiring pattern 33 shown
in FIG. 4B is formed at the left side of the central pad 43.
[0037] The first wiring pattern 35 includes a first pad
45 formed at one side of the central pad 43, is connected
to the first pad 45 and arranged at one side of the top
face of the base film 31. The second wiring pattern 37
includes a second pad 47 formed at the other side of the
central pad 43, is connected to the second pad 47 and
arranged at the other side of the top face of the base film
31.
[0038] A protective layer 41 for protecting the wiring
patterns is formed on the bottom face of the central wiring
pattern 33 and the top faces of the first and second wiring
patterns 35 and 37. Here, the central pad 43, the first pad
45 and the second pad 47 are not protected by the pro-
tective layer 41 and they are exposed to be connected
to the lower electrode 57 of the piezoelectric wafer 50.
[0039] A ground layer 49 is formed on the protective
layer 41 formed on the first and second wiring patterns
35 and 37 and connected to the ground electrode plate
60.
[0040] While the central pad 43, the first pad 45 and
the second pad 47 form a 3X6 matrix array in the flexible
printed circuit board 20 according to the first embodiment
of the present invention, they can form 3X64 through
3X192 matrix arrays.
[0041] Furthermore, while the flexible printed circuit
board 20 according to the first embodiment of the present
invention has the three wiring patterns including the cen-
tral wiring pattern 33, the first wiring pattern 35 and the
second wiring pattern 37, the number of wiring patterns
is not limited thereto. If five wiring patterns are formed,
the central wiring pattern is alternately formed on one
side and the other side of the bottom face of the base
film, two wiring patterns are formed on one side of the
central wiring pattern and the other two wiring patterns
are formed on the other side of the central wiring pattern.
The two wiring patterns are respectively arranged at both
ends of the flexible printed circuit board.
[0042] In general, circuit connection is achieved at a
contact portion of the piezoelectric wafer 50 and the flex-
ible printed circuit board 20. A 1.5D (Dimension) ultra-
sonic probe has a multi-level circuit structure in order to
connect circuits on both ends of the ultrasonic probe.
However, the vibration and acoustic properties of the ul-
trasonic probe 100 increases as the thicknesses of the
rear block 10, the piezoelectric wafer 50 and the acoustic
matching layer 70, the flexible printed circuit 20 and the
ground electrode plate 60 decreases. Accordingly, cir-
cuits on both sides of the flexible printed circuit board 20
according to the present invention are not connected at
the contact portion of the flexible printed circuit board 20
and the piezoelectric wafer 50 and both ends of the flex-
ible printed circuit board 20 are bonded to each other, as
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shown in FIG. 2B, and thus the thickness of the flexible
printed circuit board 20 coming into contact with the pi-
ezoelectric wafer 50 decreases to improve the acoustic
property of the ultrasonic probe 100.
[0043] A method of fabricating the ultrasonic probe ac-
cording to the first embodiment will now be explained
with reference to FIGS. 2 through 6. FIG. 5 is a flowchart
showing the method of fabricating the ultrasonic probe
according to the first embodiment and FIG. 6 illustrates
a method of forming the slots of the ultrasonic probe ac-
cording to the first embodiment.
[0044] Referring to FIG. 5, the piezoelectric wafer 50,
the ground electrode plate 60 and the acoustic matching
layer 70 are sequentially stacked in step S711.
[0045] The plurality of second holes 53 are formed in
the piezoelectric wafer 50 in step S713.
[0046] The rear block 10 and the flexible printed circuit
board 20 are sequentially stacked in step S715.
[0047] The piezoelectric wafer 50, stacked in step
S711, is located on the top face of the flexible printed
circuit board 20, stacked in step S715, in step S721.
[0048] When the rear block 10, the flexible printed cir-
cuit board 20, the piezoelectric wafer 50, the ground elec-
trode plate 60 and the acoustic matching layer 70 are
sequentially stacked, the plurality of slots 83 are formed
such that the plurality of slots 83 range from the acoustic
matching layer 70 to the top of the rear block 10 in the
direction perpendicular to the second holes 53 in step
S723.
[0049] The acoustic lens (not shown) is bonded onto
the acoustic matching layer 70 having the slots 83 formed
therein to cover the overall surface of the acoustic match-
ing layer 70 in step S725. The acoustic lens is formed of
a material such as silicon and bonded onto the acoustic
matching layer 70 using a silicon primer.
[0050] The ground electrode plate 60 is connected to
the ground layer 59 of the flexible printed circuit board
20 and both ends of the flexible printed circuit board 20
are bonded to each other to connect the first and second
wiring patterns 45 and 55 to construct a circuit in step
S727.
[0051] The method of forming the slots 83 in step S723
will now be explained with reference to FIG. 6.
[0052] Referring to FIG. 6, the slots 83 are formed in
the rear block 10, the flexible printed circuit board 20, the
piezoelectric wafer 50, the ground electrode plate 60 and
the acoustic matching layer 70, stacked in step S723,
using a dicing machine 500. FIG. 6 shows that four of
five slots 83 are formed.
[0053] The dicing machine 500 used in step S723 can
be used to form the second holes 53 in the piezoelectric
wafer 50.
[0054] The ultrasonic probe is bonded using general
epoxy in the stacking and bonding steps because elec-
trical bonding can be achieved by coating the general
epoxy thin by 1 to 2mm. While the general epoxy substi-
tutes for a conductive epoxy having relatively weak ad-
hesiveness, the adhesive used to bond the ultrasonic

probe is not limited to the general epoxy.
[0055] An ultrasonic probe 200 according to a second
embodiment will now be explained with reference to
FIGS. 7 and 8. FIG. 7 is a cross-sectional view of the
ultrasonic probe 200 according to the second embodi-
ment of the present invention and FIG. 8 is a flowchart
showing a method of fabricating the ultrasonic probe 200
according to the second embodiment.
[0056] The ultrasonic probe 200 according to the sec-
ond embodiment includes a plurality of downwardly ex-
tended spaces 113 formed in the rear block 10 and ex-
tended downwardly from the respective second holes 53
formed in the piezoelectric wafer 50. The number of first
holes 113 equals the number of second holes 53. The
ultrasonic probe 200 according to the second embodi-
ment can reduce ultrasonic interference and improve vi-
bration property according to the downwardly extended
spaces 113 formed in the rear block 10.
[0057] Referring to FIGS. 7 and 8, the piezoelectric
wafer 50, the ground electrode plate 60 and the acoustic
matching layer 70 are sequentially stacked in step S611.
The plurality of second holes 53 are formed in the piezo-
electric wafer 50 in step S613 and the first holes 113
corresponding to the second holes 53 are formed in the
rear block 10 in step S617.
[0058] The rear block 10 having the first holes 113
formed therein and the flexible printed circuit board 20
are sequentially stacked in step S619. Here, it is more
desirable to form the first holes 113 in the rear block 10
and then stack the flexible printed circuit board 20 on the
rear block 10.
[0059] The piezoelectric wafer 50, arranged in step
S611, is stacked on the flexible printed circuit board 20,
placed on the rear block 10 in step S619, in step S621.
[0060] The slots (83 in FIG. 2B) perpendicular to the
second holes 53 are formed such that the slots range
from the acoustic matching layer 70 to the top of the rear
block 10 in step S623.
[0061] The acoustic lens (not shown) is bonded onto
the acoustic matching layer 70 having the slots formed
therein to cover the overall surface of the acoustic match-
ing layer 70 in step S625.
[0062] The ground electrode plate 60 is connected to
a ground layer (not shown) of the flexible printed circuit
board 20 and both ends of the flexible printed circuit board
20 are bonded to each other to connect first and second
wiring patterns (not shown) to thereby construct a circuit
in step S627.
[0063] An ultrasonic probe 300 according to a third em-
bodiment will now be explained with reference to FIGS.
9 and 10. FIG. 9 is a cross-sectional view of the ultrasonic
probe 300 according to the third embodiment and FIG.
10 is a flowchart showing a method of fabricating the
ultrasonic probe 300 according to the third embodiment.
[0064] The ultrasonic probe 300 according to the third
embodiment includes the second holes 53 formed in the
piezoelectric wafer 50 and a plurality of third holes 273
formed in the acoustic matching layer 70 and extended
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upwardly from the second holes 53. Here, the number of
second holes 53 equals the number of third holes 273.
The ultrasonic probe 300 according to the third embod-
iment of the present invention reduces ultrasonic inter-
ference according to the second holes 273 formed in the
acoustic matching layer 70 to improve vibration property.
[0065] Referring to FIGS. 9 and 10, the piezoelectric
wafer 50, the ground electrode plate 60 and the acoustic
matching layer 70 are sequentially stacked in step S511.
The plurality of second holes 53 are formed in the piezo-
electric wafer 50 in step S513 and the third holes 273
corresponding to the second holes 53 are formed in the
acoustic matching layer 70 in step S515.
[0066] The rear block 10 and the flexible printed circuit
board 20 are sequentially stacked in step S519.
[0067] The piezoelectric wafer 50, arranged in step
S511, is stacked on the flexible printed circuit board 20,
placed on the rear block 10 in step S519, in step S521.
[0068] The slots (83 in FIG. 2B) perpendicular to the
second holes 53 are formed such that the slots range
from the acoustic matching layer 70 to the top of the rear
block 10 in step S523.
[0069] The acoustic lens (not shown) is bonded onto
the acoustic matching layer 70 having the slots formed
therein to cover the overall surface of the acoustic match-
ing layer 70 in step S525.
[0070] The ground electrode plate 60 is connected to
a ground layer (not shown) of the flexible printed circuit
board 20 and both ends of the flexible printed circuit board
20 are bonded to each other to connect first and second
wiring patterns (not shown) to thereby construct a circuit
in step S527.
[0071] An ultrasonic probe 400 according to a fourth
embodiment will now be explained with reference to
FIGS. 11A, 11B and 12. FIG. 11A is a cross-sectional
view of the ultrasonic probe 400 according to the fourth
embodiment FIG. 11B is a perspective view of the ultra-
sonic probe 400 according to the fourth embodiment and
FIG. 12 is a flowchart showing a method of fabricating
the ultrasonic probe 400 according to the fourth embod-
iment.
[0072] The ultrasonic probe 400 according to the fourth
embodiment includes the downwardly extended spaces
113 formed in the rear block 10, the second holes 53
formed in the piezoelectric wafer 50 and the third holes
273 formed in the acoustic matching layer 70. The
number of first holes 113, the number of second holes
53 and the number of third holes 273 are identical. The
ultrasonic probe 400 according to the fourth embodiment
can minimize inter-layer interference according to the
second holes 53 formed in the piezoelectric wafer 50 and
their extended holes 113 and 273 respectively formed in
the rear block 10 and the acoustic matching layer 70 to
improve vibration property.
[0073] Referring to FIGS. 11A, 11B and 12, the piezo-
electric wafer 50, the ground electrode plate 60 and the
acoustic matching layer 70 are sequentially stacked in
step S411. The plurality of second holes 53 are formed

in the piezoelectric wafer 50 in step S413 and the third
holes 273 corresponding to the second holes 53 are
formed in the acoustic matching layer 70 in step S415.
The first holes 113 corresponding to the second holes
53 are formed in the upper part of the rear block 10 in
step S417.
[0074] The rear block 10 having the first holes 113
formed therein and the flexible printed circuit board 20
are sequentially stacked in step S419.
[0075] The piezoelectric wafer 50, arranged in step
S411, is stacked on the flexible printed circuit board 20,
placed on the rear block 10 in step S419, in step S421.
[0076] When the rear block 10, the flexible printed cir-
cuit board 20, the piezoelectric wafer 50, the ground elec-
trode plate 60 and the acoustic matching layer 70 are
sequentially stacked in step S421, the slots 83 perpen-
dicular to the second holes 53 are formed such that the
slots 83 range from the acoustic matching layer 70 to the
top of the rear block 10 in step S423.
[0077] The acoustic lens (not shown) is bonded onto
the acoustic matching layer 70 having the slots 83 formed
therein to cover the overall surface of the acoustic match-
ing layer 70 in step S425.
[0078] The ground electrode plate 60 is connected to
the ground layer of the flexible printed circuit board 20
and both ends of the flexible printed circuit board 20 are
bonded to each other to connect first and second wiring
patterns (not shown) to thereby construct a circuit in step
S427.
[0079] The ultrasonic probe, the ultrasonic imaging ap-
paratus and the fabricating method thereof have been
described through embodiments

Claims

1. An ultrasonic probe comprising:

a rear block (10) having a predetermined thick-
ness;
a flexible printed circuit board (20) stacked on
the rear block (10) to surround the top face and
side of the rear block (10) and having wiring pat-
terns formed thereon;
a piezoelectric wafer (50) stacked on the top
face of the flexible printed circuit board (20) and
having upper and lower electrodes (55, 57) re-
spectively formed on top and bottom faces
thereof whereby the lower electrodes (57) are
arranged on and connected to the top face of
the flexible printed circuit board (20);
a ground electrode plate (60) stacked on the top
face of the piezoelectric wafer (50), bonded to
the upper electrodes (55) and connected to a
ground layer of the flexible printed circuit board
(20);
an acoustic matching layer (70) stacked on the
top face of the ground electrode plate (60); and
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an acoustic lens bonded onto the acoustic
matching layer (70),

wherein the piezoelectric wafer (50) has a
plurality of second holes (53) formed there-
in, and a plurality of slots (83) are formed in
the direction perpendicular to the second
holes (53) while ranging from the acoustic
matching layer (70) to the top of the rear
block (10), whereby the piezoelectric wafer
(50) is arranged in the form of a matrix array
on the top face of the flexible printed circuit
board (20),

wherein the flexible printed circuit board (20)
comprises:

a base film (31) formed of an insulating ma-
terial and having a bottom face bonded onto
the rear block (10) and a top face opposite
to the bottom face; and
wiring patterns formed on both sides of the
base film,

wherein the wiring patterns comprises:

a central wiring pattern (33) that is formed
on the top face of the base film (31), has a
central pad (43) formed between neighbor-
ing second holes is connected to the cen-
tral pad (43) through a via (39) and is ex-
tended to the outside of the rear block (10)
through the bottom face of the base film
(31);
a first wiring pattern (35) that has a first pad
(45) formed at one side of the central pad
(43), is connected to the first pad (45) and
is arranged at one side of the top face of the
base film (31);
a second wiring pattern (37) that has a sec-
ond pad (47) formed on the other side of the
central pad (43), is connected to the second
pad (47) and is arranged at the other side
of the top face of the base film (31);
a protective layer (41) formed on the bottom
face of the central wiring pattern (33) and
the top faces of the first and second wiring
patterns (35, 37) to protect the central wiring
pattern (33), the first and second wiring pat-
terns (35, 37); and
a ground layer (49) formed on the protective
layer (41) formed on the top faces of the first
and second wiring patterns (35, 37) and
connected to the ground electrode plate
(60),
wherein the central pad (43), the first pad
(45) and the second pad (47) form a matrix
array in the flexible printed circuit board (20)

such that the lower electrodes (57) of the
piezoelectric wafer (50) are connected to
and arranged in the matrix array on the cen-
tral pad (43), the first pad (45) and the sec-
ond pad (47) of the flexible printed circuit
board (20),

wherein the central wiring pattern (33) is alter-
nately arranged on one side and the other side
of the base film (31), and
wherein both ends of the flexible printed circuit
board (20) are bonded to each other such that
the first and second wiring patterns (35, 37) are
connected to each other.

2. The ultrasonic probe of claim 1, wherein the rear
block has first holes formed therein, which corre-
spond to the second holes.

3. The ultrasonic probe of claim 1, wherein the acoustic
matching layer has third holes formed therein, which
correspond to the second holes.

4. The ultrasonic probe of claim 1, wherein the rear
block has first holes formed therein, which corre-
spond to the second holes, and the acoustic match-
ing layer has third holes formed therein, which cor-
respond to the second holes.

5. The ultrasonic probe of claim 1, wherein the central
pad (43), the first pad and the second pad (45, 47)
form a 3X96 matrix array.

6. The ultrasonic probe of claim 5, wherein the number
of the slots (83) is 95.

7. An ultrasonic imaging apparatus comprising:

the ultrasonic probe (100, 200, 300, 400) ac-
cording to one of claims 1 to 6; and
a main body (11) having a connector (15) con-
nected to the ultrasonic probe.

8. The ultrasonic imaging apparatus of claim 7, wherein
the connector (15) is located on the top of the main
body (11).

Patentansprüche

1. Ultraschallsonde, aufweisend:

einen hinteren Block (10) mit einer vorgegebe-
nen Dicke;
eine flexible Leiterplatte (20), welche auf dem
hinteren Block (10) liegt, um die Oberseite und
die Seite des hinteren Blocks (10) zu umschlie-
ßen, und welche darauf gebildete Verdrah-
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tungsmuster aufweist;
einen piezoelektrischen Wafer (50), welcher auf
der Oberseite der flexiblen Leiterplatte (20) liegt
und obere und untere Elektroden (55, 57), wel-
che jeweils auf den Ober- und Unterseiten da-
von gebildet sind, aufweist, wobei die unteren
Elektroden (57) auf der Oberseite der flexiblen
Leiterplatte (20) angeordnet und damit verbun-
den sind;
eine Elektrodenerdungsplatte (60), welche auf
der Oberseite des piezoelektrischen Wafers
(50) liegt, an die oberen Elektroden (55) ange-
fügt ist und mit einer Erdungsschicht der flexib-
len Leiterplatte (20) verbunden ist;
eine akustische Anpassungsschicht (70), wel-
che auf der Oberseite der Elektrodenerdungs-
platte (60) liegt; und
eine akustische Linse, welche an die akustische
Anpassungsschicht (70) angefügt ist,
wobei der piezoelektrische Wafer (50) mehrere
darin gebildete zweite Löcher (53) aufweist und
mehrere Schlitze (83) in senkrechter Richtung
zu den zweiten Löchern (53) gebildet sind, wel-
che sich von der akustischen Anpassungs-
schicht (70) bis zum Oberteil des hinteren
Blocks (10) erstrecken, wobei der piezoelektri-
sche Wafer (50) in der Form einer matrixförmi-
gen Anordnung auf der Oberseite der flexiblen
Leiterplatte (20) angeordnet ist,

wobei die flexible Leiterplatte (20) Folgendes auf-
weist:

eine Basisfolie (31), welche aus einem Isolier-
material gebildet ist und eine Unterseite, welche
an den hinteren Block (10) angefügt ist, und eine
der Unterseite gegenüberliegende Oberseite,
aufweist; und
Verdrahtungsmuster, welche auf beiden Seiten
der Basisfolie gebildet sind,

wobei die Verdrahtungsmuster Folgendes aufwei-
sen:

ein zentrales Verdrahtungsmuster (33), wel-
ches auf der Oberseite der Basisfolie (31) ge-
bildet ist, ein zentrales Pad (43) aufweist, wel-
ches zwischen benachbarten zweiten Löcher
gebildet ist, mit dem zentralen Pad (43) durch
ein Durchgangsloch (39) verbunden ist und sich
durch die Unterseite der Basisfolie (31) zur Au-
ßenseite des hinteren Blocks (10) erstreckt;
ein erstes Verdrahtungsmuster (35), welches
ein auf einer Seite des zentralen Pads(43) ge-
bildetes erstes Pad (45) aufweist, mit dem ers-
ten Pad (45) verbunden ist und auf einer Seite
der Oberseite der Basisfolie (31) angeordnet ist;
ein zweites Verdrahtungsmuster (37), welches

ein zweites Pad (47), welches auf der anderen
Seite des zentralen Pads (43) gebildet ist, mit
dem zweiten Pad (47) verbunden ist und auf der
anderen Seite der Oberseite der Basisfolie (31)
angeordnet ist;
eine Schutzschicht (41), welche auf der Ober-
seite des zentralen Verdrahtungsmusters (33)
und auf den Oberseiten des ersten und zweiten
Verdrahtungsmusters (35, 37) gebildet ist, um
das zentrale Verdrahtungsmuster (33) und das
erste und zweite Verdrahtungsmuster (35, 37)
zu schützen; und
eine Erdungsschicht (49), welche auf der
Schutzschicht (41) gebildet ist, welche auf den
Oberseiten des ersten und zweiten Verdrah-
tungsmusters (35, 37) gebildet ist, und mit der
Elektrodenerdungsplatte (60) verbunden ist,
wobei das zentrale Pad (43), das erste Pad (45)
und das zweite Pad (47) eine matrixförmige An-
ordnung in der flexiblen Leiterplatte (20) bilden,
so dass die unteren Elektroden (57) des piezo-
elektrischen Wafers (50) mit der matrixförmigen
Anordnung mit dem zentralen Pad (43), dem
ersten Pad (45) und dem zweiten Pad (47) der
flexiblen Leiterplatte (20) verbunden und darin
angeordnet sind,
wobei das zentrale Verdrahtungsmuster (33)
abwechselnd auf einer Seite und der anderen
Seite der Basisfolie (31) angeordnet ist, und
wobei beide Enden der flexiblen Leiterplatte (20)
so aneinander gefügt sind, dass das erste und
zweite Verdrahtungsmuster (35, 37) miteinan-
der verbunden sind.

2. Ultraschallsonde nach Anspruch 1, wobei der hinte-
re Block darin gebildete erste Löcher aufweist, wel-
che den zweiten Löchern entsprechen.

3. Ultraschallsonde nach Anspruch 1, wobei die akus-
tische Anpassungsschicht darin gebildete dritte Lö-
cher aufweist, welche den zweiten Löchern entspre-
chen.

4. Ultraschallsonde nach Anspruch 1, wobei der hinte-
re Block darin gebildete erste Löcher aufweist, wel-
che den zweiten Löchern entsprechen, und die akus-
tische Anpassungsschicht darin gebildete dritte Lö-
cher aufweist, welche den zweiten Löchern entspre-
chen.

5. Ultraschallsonde nach Anspruch 1, wobei das zen-
trale Pad (43), das erste Pad und das zweite Pad
(45, 47) eine 3X96-matrixförmige Anordnung bilden.

6. Ultraschallsonde nach Anspruch 5, wobei die Anzahl
der Schlitze (83) 95 ist.

7. Ultraschall-Bilderzeugungsvorrichtung, aufwei-
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send:

die Ultraschallsonde (100, 200, 300, 400) nach
einem von Anspruch 1 bis 6; und einen Haupt-
körper (11), welcher einen Verbinder (15) auf-
weist, welcher mit der Ultraschallsonde verbun-
den ist.

8. Ultraschall-Bilderzeugungsvorrichtung nach An-
spruch 7, wobei der Verbinder (15) auf dem oberen
Hauptkörper (11) angeordnet ist.

Revendications

1. Sonde ultrasonique, comprenant :

un bloc arrière(10) présentant une épaisseur
prédéterminée ;
une carte de circuit imprimé flexible (20) empilée
sur le bloc arrière (10) pour entourer la face de
dessus et le côté du bloc arrière (10) et présen-
tant des schémas de câblage formés dessus ;
une tranche piézoélectrique (50) empilée sur la
face de dessus de la carte de circuit imprimé
flexible (20) et présentant des électrodes supé-
rieures et inférieures (55, 57) respectivement
formées sur les faces de dessus et de dessous
de celle-ci, les électrodes inférieures (57) étant
agencées sur la face de dessus de la carte de
circuit imprimé flexible (20) et reliées à celle-ci ;
une plaque d’électrode de masse (60) empilée
sur la face de dessus de la tranche piézoélec-
trique (50), collée aux électrodes supérieures
(55) et reliée à une couche de fond de la carte
de circuit imprimé flexible (20) ;
une couche d’adaptation acoustique (70) empi-
lée sur la face de dessus de la plaque d’électro-
de de masse (60) ; et
une lentille acoustique collée sur la couche
d’adaptation acoustique (70),
dans laquelle la tranche piézoélectrique (50)
présente une pluralité de deuxièmes trous (53)
formés dans celle-ci, et une pluralité de fentes
(83) sont formées dans la direction perpendicu-
laire aux deuxièmes trous (53) tout en allant de
la couche d’adaptation acoustique (70) vers le
dessus du bloc arrière (10), la tranche piézoé-
lectrique (50) étant agencée sous la forme d’une
matrice d’éléments sur la face de dessus de la
carte de circuit imprimé flexible (20),

dans laquelle la carte de circuit imprimé flexible (20)
comprend :

un film de base (31) formé d’un matériau isolant
et présentant une face de dessous collée sur le
bloc arrière (10) et une face de dessus opposée

à la face de dessous ; et
des schémas de câblage formés sur les deux
côtés du film de base,
dans laquelle les schémas de câblage
comprennent :
un schéma de câblage central (33) qui est formé
sur la face de dessus du film de base (31), pré-
sente une plage d’accueil centrale (43) formée
entre des deuxièmes trous adjacents, est relié
à la plage d’accueil centrale (43) à travers un
trou d’interconnexion (39) et s’étend jusqu’à
l’extérieur du bloc arrière (10) à travers la face
de dessous du film de base (31) ;
un premier schéma de câblage (35) qui présente
une première plage d’accueil (45) formée au ni-
veau d’un côté de la plage d’accueil centrale
(43), est relié à la première plage d’accueil (45)
et est agencé au niveau d’un côté de la face de
dessus du film de base (31) ;
un second schéma de câblage (37) qui présente
une seconde plage d’accueil (47) formée sur
l’autre côté de la plage d’accueil centrale (43),
est relié à la seconde plage d’accueil (47) et est
agencé de l’autre côté de la face de dessus du
film de base (31) ;
un couche de protection (41) formée sur la face
de dessous du schéma de câblage central (33)
et la face de dessus des premier et second sché-
mas de câblage (35, 37) afin de protéger le sché-
ma de câblage central (33), les premier et se-
cond schémas de câblage (35, 37) ; et
une couche de fond (49) formé sur la couche de
protection (41) formée sur la face de dessus des
premier et second schémas de câblage (35, 37)
et reliée à la plaque d’électrode de masse (60),
dans laquelle la plage d’accueil centrale (43), la
première plage d’accueil (45) et la seconde pla-
ge d’accueil (47) forment une matrice d’élé-
ments dans la carte de circuit imprimé flexible
(20) de telle sorte que les électrodes inférieures
(57) de la tranche piézoélectrique (50) sont re-
liées à la matrice d’éléments sur la plage d’ac-
cueil centrale (43), la première plage d’accueil
(45) et la seconde plage d’accueil (47) de la carte
de circuit imprimé flexible (20) et agencées dans
celle-ci,
dans laquelle le schéma de câblage central (33)
est agencé en variante d’un côté et de l’autre
côté du film de base (31), et
dans laquelle les deux extrémités de la carte de
circuit imprimé flexible (20) sont collées l’une à
l’autre de telle sorte que les premier et second
schémas de câblage (35, 37) sont reliés l’un à
l’autre

2. Sonde ultrasonique selon la revendication 1, dans
laquelle le bloc arrière présente des premiers trous
formés dans celui-ci, lesquels correspondent aux
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deuxièmes trous.

3. Sonde ultrasonique selon la revendication 1, dans
laquelle la couche d’adaptation acoustique présente
des troisièmes trous formés dans celle-ci, lesquels
correspondent aux deuxièmes trous.

4. Sonde ultrasonique selon la revendication 1, dans
laquelle le bloc arrière présente des premiers trous
formés dans celui-ci, lesquels correspondent aux
deuxièmes trous, et la couche d’adaptation acousti-
que présente des troisièmes trous formés dans celle-
ci, lesquels correspondent aux deuxièmes trous.

5. Sonde ultrasonique selon la revendication 1, dans
laquelle la plage d’accueil centrale (43), la première
et la seconde plage d’accueil (45, 47) forment une
matrice d’éléments 3X96.

6. Sonde ultrasonique selon la revendication 5, dans
laquelle le nombre de fentes (83) est de 95.

7. Dispositif d’imagerie par ultrasons, comprenant :

la sonde ultrasonique (100, 200, 300, 400) selon
une des revendications 1 à 6 ; et
un corps principal (11) présentant un connec-
teur (15) relié à la sonde ultrasonique.

8. Dispositif d’imagerie par ultrasons selon la revendi-
cation 7, dans laquelle le connecteur (1 5) est situé
sur le dessus du corps principal (11).
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