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(54) Ultrasonic probe, ultrasonic imaging apparatus and fabricating method thereof

(57) An ultrasonic probe, an ultrasonic imaging ap-
paratus and a fabricating method thereof are provided.
The ultrasonic probe includes a rear block having a pre-
determined 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 piezoelectric wafer stacked on the top face of
the flexible printed circuit board and having upper and
lower electrodes respectively formed on both sides there-
of and a plurality of second holes formed therein, a
ground electrode 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 bond-
ed 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. Holes are formed in at least one
of the rear block, the piezoelectric wafer and the acoustic
matching layer and wiring patterns are formed in the form
of amatrix array, and thus vibration property and focusing
can be improved to obtain clear images.

FIG. 2B
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the filed of ul-
trasonics. 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.
[0002] 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.
[0003] 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.

[0004] 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.

[0005] 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.

[0006] 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.
[0007] 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
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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.

[0008] 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.

[0009] In another aspect, there is provided an ultra-
sonic imaging apparatus includes the ultrasonic probe
and a main body having a connector connected to the
ultrasonic probe.

[0010] Inyetanotheraspect, 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.

[0011] 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.

[0012] Furthermore, the present invention reduces ul-
trasonic signal interference and provides a wide band-
width and high sensitivity.
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[0013] 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.

[0014] 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 ultrasonicimaging apparatus con-
veniently.

[0015] 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. 3is a perspective view of a flexible printed circuit
board according to an embodiment of the present
invention;

FIG. 4Ais 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. 5is aflowchart showing a method of fabricating
the ultrasonic probe according to the first embodi-
ment of the present invention;

FIG. 6 illustrates a method of forming slots of the
ultrasonic probe according to the first embodiment
of the present invention;

FIG. 7 is a cross-sectional view of an ultrasonic probe
according to a second embodiment of the present
invention;

FIG. 8 is a flowchart showing a method of fabricating
the ultrasonic probe according to the second embod-
iment of the present invention;

FIG. 9is a cross-sectional view of an ultrasonic probe
according to a third embodiment of the present in-
vention;

FIG. 10 is a flowchart showing a method of fabricat-
ing the ultrasonic probe according to the third em-
bodiment of the present invention;

FIG. 11A is a cross-sectional view of an ultrasonic
probe according to a fourth embodiment of the
present invention;

FIG. 11Bisa perspective view of the ultrasonic probe
according to the fourth embodiment of the present
invention; and

FIG. 12 is a flowchart showing a method of fabricat-
ing the ultrasonic probe according to the fourth em-
bodiment of the present invention.
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[0016] 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.

[0017] 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.

[0018] 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.

[0019] 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.
[0020] The display 13 displays ultrasonic images ob-
tained through application programs executed for ultra-
sound and examination.

[0021] The input unit 14 is used to execute the appli-
cation programs or input data required for examination
and includes a plurality of keys.

[0022] 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. The ultrasonic
probe 100 according to the first embodiment of the
presentinvention includes arear block 10, aflexible print-
ed 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 embodiment 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.

[0023] The rearblock 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.

[0024] The flexible printed circuit board 20 is located
onthetopface ofthe rearblock 10 and has wiring patterns
formed on both sides thereof. The flexible printed circuit
board 20 will be explained in more detail later.

[0025] The piezoelectric wafer 50 is arranged on the
top face of the flexible printed circuit board 20 and has
upper and lower electrodes 55 and 57 respectively
formed on both sides thereof and a plurality of second
holes 53.

[0026] While two second holes 53 are formed in the
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piezoelectric wafer 50 in the first embodiment of the
present invention, the number of second holes is not lim-
ited 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.

[0027] 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.
[0028] Theacoustic matchinglayer 70 is made of metal
powder or ceramic powder and formed on the top face
of the ground electrode plate 60.

[0029] 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.

[0030] The acoustic lens (not shown) is used for fo-
cusing ultrasonic images and located on the top face of
the acoustic matching layer 70.

[0031] 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.

[0032] FIG. 3 shows the flexible printed circuit board
20 before the slots 83 are formed. Positions of the slots
83 are indicated by dotted lines in FIG. 3.

[0033] The flexible printed circuit board 20 includes a
base film 31 and wiring patterns. The base film 31 is
made of an insulating 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 pat-
tern 33, a first wiring pattern 35 and a second wiring pat-
tern 37 and formed on both sides of the base film 31.
[0034] 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.
[0035] The first wiring pattern 35 includes a first pad
45 formed at one side of the central pad 43, is connected
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to the first pad 45 and arranged at one side of the top
face of the base film 31. The second wiring pad 37 in-
cludes 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.

[0036] 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.
[0037] 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.

[0038] 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.

[0039] 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.

[0040] 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
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.

[0041] A method of fabricating the ultrasonic probe ac-
cording to the first embodiment of the present invention
will now be explained with reference to FIGS. 2 through 6.
[0042] Referring to FIG. 5, the piezoelectric wafer 50,
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the ground electrode plate 60 and the acoustic matching
layer 70 are sequentially stacked in step S711.

[0043] The plurality of second holes 53 are formed in
the piezoelectric wafer 50 in step S713.

[0044] The rear block 10 and the flexible printed circuit
board 20 are sequentially stacked in step S715.

[0045] 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.
[0046] When the rear block 10, the flexible printed cir-
cuitboard 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.

[0047] 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.

[0048] 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.

[0049] The method of forming the slots 83 in step S723
will now be explained with reference to FIG. 6.

[0050] 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.

[0051] The dicing machine 500 used in step S723 can
be used to form the second holes 53 in the piezoelectric
wafer 50.

[0052] The ultrasonic probe according to the present
invention is bonded using general epoxy in the stacking
and bonding steps because electrical bonding can be
achieved by coating the general epoxy thin by 1 to 2um.
While the general epoxy substitutes for a conductive
epoxy having relatively weak adhesiveness, the adhe-
sive used to bond the ultrasonic probe is not limited to
the general epoxy.

[0053] An ultrasonic probe 200 according to a second
embodiment of the present invention will now be ex-
plained with reference to FIGS. 7 and 8. FIG. 7 is a cross-
sectional view of the ultrasonic probe 200 according to
the second embodiment of the presentinvention and FIG.
8 is a flowchart showing a method of fabricating the ul-
trasonic probe 200 according to the second embodiment
of the present invention.

[0054] The ultrasonic probe 200 according to the sec-
ond embodiment of the present invention includes a plu-

10

15

20

25

30

35

40

45

50

55

rality of first holes 113 formed in a rear block 110 and a
plurality of second holes 153 formed in a piezoelectric
wafer 150. The number of first holes 113 equals the
number of second holes 113 and the first and second
holes 113 and 153 have the same size. The ultrasonic
probe 200 according to the second embodiment of the
present invention can reduce ultrasonic interference and
improve vibration property according to the first holes
113 formed in the rear block 110.

[0055] Referring to FIGS. 7 and 8, the piezoelectric
wafer 150, a ground electrode plate 160 and an acoustic
matching layer 170 are sequentially stacked in step
S611. The plurality of second holes 153 are formed in
the piezoelectric wafer 150 in step S613 and the first
holes 113 corresponding to the second holes 153 are
formed in the rear block 110 in step S617.

[0056] The rear block 110 having the first holes 113
formed therein and a flexible printed circuit board 120
are sequentially stacked in step S619. Here, it is more
desirable to form the first holes 113 in the rear block 110
and then stack the flexible printed circuit board 120 on
the rear block 110.

[0057] The piezoelectric wafer 150, arranged in step
S611, is stacked on the flexible printed circuit board 120,
placed on the rear block 110 in step S619, in step S621.
[0058] A plurality of slots (not shown) perpendicular to
the second holes 153 are formed such that the slots range
from the acoustic matching layer 170 to the top of the
rear block 110 in step S623.

[0059] An acoustic lens (not shown) is bonded onto
the acoustic matching layer 170 having the slots formed
therein to cover the overall surface of the acoustic match-
ing layer 170 in step S625.

[0060] The ground electrode plate 160 is connected to
a ground layer (not shown) of the flexible printed circuit
board 120 and both ends of the flexible printed circuit
board 120 are bonded to each other to connect first and
second wiring patterns (not shown) to thereby construct
a circuit in step S627.

[0061] Anultrasonic probe 200 according to a third em-
bodiment of the present invention will now be explained
with reference to FIGS. 9 and 10. FIG. 9 is a cross-sec-
tional view of the ultrasonic probe 300 according to the
third embodiment of the present invention and FIG. 10
is a flowchart showing a method of fabricating the ultra-
sonic probe 300 according to the third embodiment of
the present invention.

[0062] The ultrasonic probe 300 according to the third
embodiment of the present invention includes a plurality
of second holes 253 formed in a piezoelectric wafer 250
and a plurality of third holes 273 formed in an acoustic
matching layer 270. Here, the number of second holes
273 equals the number of third holes 273 and the second
and third holes 253 and 273 have the same size. The
ultrasonic probe 300 according to the third embodiment
of the present invention reduces ultrasonic interference
according to the third holes 273 formed in the acoustic
matching layer 270 to improve vibration property.
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[0063] Referring to FIGS. 9 and 10, the piezoelectric
wafer 250, a ground electrode plate 260 and an acoustic
matching layer 270 are sequentially stacked in step
S511. The plurality of second holes 253 are formed in
the piezoelectric wafer 250 in step S513 and the third
holes 273 corresponding to the second holes 253 are
formed in the acoustic matching layer 270 in step S515.
[0064] A rear block 210 and a flexible printed circuit
board 220 are sequentially stacked in step S519.
[0065] The piezoelectric wafer 250, arranged in step
S511, is stacked on the flexible printed circuit board 220,
placed on the rear block 210 in step S519, in step S521.
[0066] A plurality of slots (not shown) perpendicular to
the second holes 253 are formed such that the slots range
from the acoustic matching layer 270 to the top of the
rear block 210 in step S523.

[0067] An acoustic lens (not shown) is bonded onto
the acoustic matching layer 270 having the slots formed
therein to cover the overall surface of the acoustic match-
ing layer 270 in step S525.

[0068] The ground electrode plate 260 is connected to
a ground layer (not shown) of the flexible printed circuit
board 220 and both ends of the flexible printed circuit
board 220 are bonded to each other to connect first and
second wiring patterns (not shown) to thereby construct
a circuit in step S527.

[0069] An ultrasonic probe 400 according to a fourth
embodiment of the present invention will now be ex-
plained with reference to FIGS. 11A, 11B and 12. FIG.
11Ais a cross-sectional view of the ultrasonic probe 400
according to the fourth embodiment of the present inven-
tion, FIG. 11B is a perspective view of the ultrasonic
probe 400 according to the fourth embodiment of the
present invention and FIG. 12 is a flowchart showing a
method of fabricating the ultrasonic probe 400 according
to the fourth embodiment of the present invention.
[0070] The ultrasonic probe 400 according to the fourth
embodiment of the present invention includes a plurality
of first holes 313 formed in a rear block 310, a plurality
of second holes 353 formed in a piezoelectric wafer 350
and a plurality of third holes 373 formed in an acoustic
matching layer 370. The number of first holes 313, the
number of second holes 353 and the number of third
holes 373 are identical and the first, second and third
holes 313, 353 and 373 have the same size. The ultra-
sonic probe 400 according to the fourth embodiment of
the present invention can minimize inter-layer interfer-
ence according to the first, second and third holes 313,
353 and 373 formed in the rear block 310, the piezoelec-
tric wafer 350 and the acoustic matching layer 370 to
improve vibration property.

[0071] Referringto FIGS. 11A, 11B and 12, the piezo-
electric wafer 350, a ground electrode plate 360 and the
acoustic matching layer 370 are sequentially stacked in
step S411. The plurality of second holes 353 are formed
in the piezoelectric wafer 350 in step S413 and the third
holes 373 corresponding to the second holes 353 are
formed in the acoustic matching layer 370 in step S415.
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The first holes 313 corresponding to the second and third
holes 353 and 373 are formed in the upper part of the
rear block 310 in step S417.

[0072] The rear block 310 having the first holes 313
formed therein and a flexible printed circuit board 320
are sequentially stacked in step S419.

[0073] The piezoelectric wafer 350, arranged in step
S411, is stacked on the flexible printed circuit board 320,
placed on the rear block 310 in step S419, in step S421.
[0074] When the rear block 310, the flexible printed
circuit board 320, the piezoelectric wafer 350, the ground
electrode plate 360 and the acoustic matching layer 370
are sequentially stacked in step S421, a plurality of slots
383 perpendicular to the second holes 353 are formed
such that the slots 383 range from the acoustic matching
layer 370 to the top of the rear block 310 in step S423.
[0075] An acoustic lens (not shown) is bonded onto
the acoustic matching layer 370 having the slots 383
formed therein to cover the overall surface of the acoustic
matching layer 370 in step S425.

[0076] The ground electrode plate 360 is connected to
a ground layer 359 of the flexible printed circuit board
320 and both ends of the flexible printed circuit board
320 are bonded to each other to connect first and second
wiring patterns (not shown) to thereby construct a circuit
in step S427.

[0077] The ultrasonic probe, the ultrasonicimaging ap-
paratus and the fabricating method thereof according to
the present invention have been described through em-
bodiments.

Claims
1. An ultrasonic probe comprising:

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 piezoelectric wafer stacked on the top face of
the flexible printed circuit board and having up-
per and lower electrodes respectively formed on
both sides thereof and a plurality of second holes
formed therein;

a ground electrode 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 per-
pendicular to the second holes and ranging from
in the acoustic matching layer to the top of the
rear block.
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The ultrasonic probe of claim 1, wherein the rear
block has first holes formed therein, which corre-
spond to the second holes.

The ultrasonic probe of claim 1 or 2, wherein the
acoustic matching layer has third holes formed there-
in, which correspond to the second holes.

The ultrasonic probe of claim 1, wherein the rear
block has first holes formed therein, which corre-
spond to the second holes, and wherein the acoustic
matching layer has third holes formed therein, which
correspond to the second holes,

wherein the first, second and third holes have the
same size.

The ultrasonic probe of claim 4, wherein the number
of first holes, the number of second holes and the
number of third holes is two or four.

The ultrasonic probe of claim 5, wherein the flexible
printed circuit board comprises:

a base film formed of an insulating material 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,

wherein the wiring patterns comprises:

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 connect-
ed to the central pad through a via and is ex-
tended 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 second 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 wiring 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.

7. The ultrasonic probe of claim 6, wherein the central

wiring pattern is alternately arranged on one side
and the other side of the base film.
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13.

14.

15.

16.

The ultrasonic probe of claim 7, wherein both ends
of the flexible printed circuit board are bonded to
each other such that the first and second wiring pat-
terns are connected to each other.

The ultrasonic probe of claim 8, wherein the central
pad, the first pad and the second pad form a 3X96
matrix array.

The ultrasonic probe of claim 9, wherein the number
of slots is 95.

An ultrasonic imaging apparatus comprising:

an ultrasonic probe of any preceding claim; and
a main body having a connector connected to
the ultrasonic probe.

The ultrasonicimaging apparatus of claim 11, where-
in the connector is located on the top of the main
body.

A method of fabricating an ultrasonic probe, com-
prising:

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 stacking 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.

The method of claim 13, further comprising a first
hole forming step of forming first holes correspond-
ing to the second holes in the rear block before the
second stacking step.

The method of claim 13 or 14, further comprising a
third hole forming step of forming third holes corre-
sponding to the second holes in the acoustic match-
ing layer before the second stacking step.

The method of claim 13, further comprising a first
hole forming step of forming first holes correspond-
ing to the second holes in the rear block before the
second stacking step, and a third hole forming step
of forming third holes corresponding to the second
holes in the acoustic matching layer before the sec-
ond stacking step, wherein the first, second and third
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holes have the same size.
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FIG.4B
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FIG.5
SEQUENTIALLY STACK PIEZOELECTRIC WAFER, L 5711
GROUND ELECTRODE PLATE AND ACOUSTIC MATCHING LAYER
FORM PLURAL SECOND HOLES IN PIEZOELECTRIC WAFER S713
SEQUENT IALLY STACK REAR BLOCK AND L 3715
FLEXIBLE PRINTED CIRCUIT BOARD
STACK PIEZOELECTRIC WAFER ON FLEXIBLE PRINTED CIRCUIT BOARD S721
FORM PLURAL SLOTS THAT ARE PERPENDICULAR TO SECOND HOLES AND L 9793
RANGE FROM ACOUSTIC MATCHING LAYER TO TOP OF REAR BLOCK
ACOUSTIC LENS ONTO ACOUSTIC MATCHING LAYER S725
CONNECT GROUND ELECTRODE PLATE TO GROUND LAYER OF
FLEXIBLE PRINTED CIRCUIT BOARD AND BOND BOTH ENDS —~—S727
OF FLEXIBLE PRINTED CIRCUIT BOARD TO EACH OTHER
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FIG.8
SEQUENTIALLY STACK PIEZOELECTRIC WAFER, L 3611
GROUND ELECTRODE PLATE AND ACOUSTIC MATCHING LAYER '
FORM PLURAL SECOND HOLES IN PIEZOELECTRIC WAFER 5613
FORM FIRST HOLES CORRESPONDING L3617
TO SECOND HOLES [N REAR BLOCK '
SEQUENT IALLY STACK REAR BLOCK AND L3619
FLEXIBLE PRINTED CIRCUIT BOARD
STACK PIEZOELECTRIC WAFER ON FLEXIBLE PRINTED CIRCUIT BOARD 5621
FORM PLURAL SLOTS THAT ARE PERPENDICULAR TO SECOND HOLES L9693
AND RANGE FROM ACOUSTIC MATCHING LAYER TO TOP OF REAR BLOCK '
BOND ACOUSTIC LENS ONTO ACOUSTIC MATCHING LAYER 5625
CONNECT GROUND ELECTRODE PLATE TO GROUND LAYER OF
FLEXIBLE PRINTED CIRCUIT BOARD AND BOND BOTH ENDS —~— 5627
OF FLEXIBLE PRINTED CIRCUIT BOARD TO EACH OTHER
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FIG.9
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FIG.10

SEQUENTIALLY STACK PIEZOELECTRIC WAFER,
GROUND ELECTRODE PLATE AND ACOUSTIC MATCHING LAYER

—~—S5511

FORM PLURAL SECOND HOLES IN PIEZOELECTRIC WAFER

FORM THIRD HOLES

CORRESPONDING TO

SECOND HOLES IN ACOUSTIC MATCHING LAYER

—~—S5515

SEQUENTIALLY STACK REAR BLOCK AND
FLEXIBLE PRINTED CIRCUIT BOARD

—~—S5519

STACK PIEZOELECTRIC WAFER ON F

LEXIBLE PRINTEC CIRCUIT BOARD

5521

AND RANGE FROM ACOUSTIC MATCHI

FORM PLURAL SLOTS THAT ARE PERPENDICULAR TO SECOND HOLES

NG LAYER TO TOP OF REAR BLOCK

—~—S5b23

BOND ACOUSTIC LENS ONTO

ACOUSTIC MATCHING LAYER

S525

GCONNECT GROUND ELECTRODE PLATE TO GROUND LAYER OF
FLEXIBLE PRINTED CIRCUIT BOARD AND BOND BOTH ENDS
OF FLEXIBLE PRINTED CIRCUIT BOARD TO EACH OTHER

——S527
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FIG.11A
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FIG.12

SEQUENTIALLY STACK PIEZOELECTRIC WAFER,
GROUND ELECTRODE PLATE AND ACOUSTIC MATCHING LAYER

—~—S5411

FORM PLURAL SECOND HOLES IN PIEZOELECTRIC WAFER

5413

FORM THIRD HOLES CORRESPCNDING TO
SECOND HOLES IN ACOUSTIC MATCHING LAYER

—~—5415

FORM FIRST HOLES CORRESPONDING TO SECOND HOLES IN REAR BLOCK

S417

SEQUENT IALLY STACK REAR BLOCK AND
FLEXIBLE PRINTED CIRCUIT BOARD

—~—5419

STACK PIEZOELECTRIC WAFER ON FLEXIBLE PRINTED CIRCUIT BOARD

5421

FORM PLURAL SLOTS THAT ARE PERPENDICULAR TO SECOND HOLES
AND RANGE FROM ACOUSTIC MATCHING LAYER TO TOP OF REAR BLOCK

—~—5423

BOND ACOUSTIC LENS ONTO ACOUSTIC MATCHING LAYER

5425

CONNECT GROUND ELECTRODE PLATE TO GROUND LAYER OF
FLEXIBLE PRINTED CIRCUIT BOARD AND BOND BOTH ENDS
OF FLEXIBLE PRINTED CIRCUIT BOARD TO EACH OTHER

—~—5427
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