US 20130131515A1

a2y Patent Application Publication (0 Pub. No.: US 2013/0131515 A1

a9 United States

LEE 43) Pub. Date: May 23, 2013
(54) FIXED FOCUS TRANSDUCER ARRAY AND (52) US.CL
ULTRASONIC WAVE TRANSCEIVING USPC ot 600/447; 600/459
APPARATUS USING THE SAME
67 ABSTRACT
(76)  Inventor: = Seung Seoup LEE, Suwon (KR) There are provided a fixed focus transducer array and an
Itrasonic wave transceiving apparatus using the same. The
21) Appl. No.: 13/360,458 u £ app &
(21) Appl.No ’ fixed focus transducer array includes: a plurality of transduc-
(22) Filed: Jan. 27, 2012 ers, transducing electrical signals into ultrasonic signals to
thereby focus the ultrasonic signals on a single focal point and
(30) Foreign Application Priority Data transducing reflected ultrasonic signals from the single focal
point into electrical signals to thereby output the electrical
Nov. 22,2011 (KR) oo 10-2011-0122241 signals, wherein the plurality of transducers are disposed to
be symmetrical to each other based on one transducer and
Publication Classification simultaneously focus the ultrasonic signals on the single focal
point at speeds according to the respective natural frequencies
(51) Imt.CL thereof. Therefore, a circuit area is reduced, whereby minia-
A61B 8/14 (2006.01) turization may be implemented and a processing speed may
AG6IB 8/00 (2006.01) be increased.
200
: 210 220 240
/ / 230
2 Tx BEAM Tx AMPLTFYING / -
= FORMING UNIT UNIT ‘ »! TRANSDUCER
2= Tx/Rx SWITCHS \RRAY
S Rx BEAM «—]|PAX AMPLTFYING| |
Z FORMING UNIT \ UNIT
(]
v 260
SIGNAL 250
PROCESSING
UNIT ~ J——270
\J
DISPLAY UNIT

—~—280



Patent Application Publication = May 23, 2013 Sheet 1 of 5 US 2013/0131515 Al

100
110
" a SCAN LINE
2y
r‘\l
AU
A;;’ _______________
h
\Y
Ay
Xy FOCAL POINT
—
TIME(t) o

PRIOR ART

FIG. 1



May 23, 2013 Sheet 2 of 5 US 2013/0131515 Al

Patent Application Publication

¢ Hld
08¢ | |Nn avdsia
oz~ LI
ON | 5S3008d
052 WNDIS
o@m/ »
TN | fTTNA ONTWE0S
AVaHY LOLINS XU/XL ™ONIAD 1 TdNY XY Av3g Xy
HIINASNVeL _ i A . ["LTNA DNTWG03
_ / ONIAS I Y X1[* | Wv3g X1
\ 0€¢ o /
Ove Oce 0l2

LINN
ON I TI0H.1NOD

00

&V}




Patent Application Publication = May 23, 2013 Sheet 3 of 5 US 2013/0131515 Al

\ \\ / \ // |
\ /
\ Ny N /
. 7\\‘__,,/”i s
Wo— S | Pr

241 242b 0422

FIG. 3



Patent Application Publication = May 23, 2013 Sheet 4 of 5 US 2013/0131515 Al

0 D 47 /242b 242b o o [s]
\,@O@
<><3-©<> o 8@ o°
QO OO
4270 0 °Loaza  papaA 05°0 .0
num 0000
0a0.0.0<> Qg 00% G.. Oo,
0@.@0 OO C00 OO
oo O
o u a 5
FIG. 4A FIG. 48
Chooooooo G000 0 0000
oonooooao cO00 O ODO0Oo
EDDDET;/%% 242b~0\gOOO©OOo
c000O00 08| pp, 420 22000000
= i s Y 5 o o R = @OO
soop00ooo 00000000 o
s 0B BEHOOo 0000 O 0O0O0OO
cOODDDOOOS 2000 6 66O O
o@pooaoaoaoao 0000 0 0000
FIG. 4C FIG. 4D



Patent Application Publication = May 23, 2013 Sheet 5 of 5 US 2013/0131515 Al

START

FORM ELECTRICAL SIGNALS FOR ULTRASONIC SIGNALS ——S8500

l

TRANSDUCE ELECTRICAL SIGNALS FORMED BY TRANSMISSION
BEAM FORMING UNIT INTO ULTRASONIC SIGNALS TO THEREBY | _ 5510
FOCUS ULTRASONIC SIGNALS ON SINGLE FOCAL
POINT AND TRANSDUCE REFLECTED
ULTRASONIC SIGNALS FROM SINGLE FOCAL POINT
INTO ELECTRICAL SIGNALS TO THEREBY
OUTPUT ELECTRICAL SIGNALS

l

COMBINE ELECTRICAL SIGNALS OUTPUT FROM TRANSDUCER ARRAY | gm0
TO THEREBY OUTPUT COMBINED ELECTRICAL SIGNAL

END

FIG. 5



US 2013/0131515 Al

FIXED FOCUS TRANSDUCER ARRAY AND
ULTRASONIC WAVE TRANSCEIVING
APPARATUS USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2011-0122241 filed on Nov. 22, 2011, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a fixed focus trans-
ducer array used in an ultrasonic medical device and an ultra-
sonic wave transceiving apparatus using the same.

[0004] 2. Description of the Related Art

[0005] Generally, an ultrasonic wave transceiving appara-
tus used in a medical device transmits an ultrasonic signal to
an object to be inspected, receives an ultrasonic signal
reflected and returned from a discontinuous surface of the
object, transduces the received ultrasonic signal into an elec-
trical signal, and then outputs the transduced electrical signal
to a predetermined image apparatus, thereby allowing for the
inspection of an internal state of the object.

[0006] More specifically, as shown in FIG. 1, ultrasonic
signals may be obtained by applying transmission pulse sig-
nals to a transducer array 100. That is, transmission pulse
signals are transduced into ultrasonic signals by respective
transducers 110 included in the transducer array 100, and then
transmitted to the object. In this situation, in order to raise the
resolution of an ultrasonic image, a method of transmitting
and focusing ultrasonic waves transmitted from the respec-
tive transducer 110 on a focal point along a scan line is used.

[0007] Therefore, in the case in which the transducers 110,
provided in plural, are arranged in a linear array form, there is
aneed to control the transmission pulse signals transmitted to
the respective transducer 110 in order to perform focusing on
the focal point. That is, the ultrasonic signals transmitted from
all of the transducers 110 are controlled to simultaneously
arrive at a single focal point by allowing transmission pulse
signals of transducers distant from the focal point to be first
transferred, and delaying the transmission of pulse signals of
transducers close to the focal point to arrive relatively late.

[0008] In addition, the arrival times of ultrasonic signals
reflected from the object to thereby be incident to the trans-
ducers are different, according to positions of the respective
transducers. The ultrasonic signals incident at the different
arrival times, as described above, are transduced into electri-
cal signals by respective transducing elements. In this case, in
order to focus electrical signals output from respective trans-
ducing elements, compensation needs to be performed by
delaying each of times, by a period corresponding to differ-
ences in arrival times.

[0009] Therefore, according to the related art described
above, a circuit for delaying the transmission pulse signal or
a separate circuit for performing delay-compensation on the
received signal needs to be added, which may cause an
increase in a circuit area and a decrease in a processing speed
thereof. The above-mentioned problem is intensified, particu-
larly in the case of a small device such as a cellular phone in
which a plurality of circuits may be integrated.
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SUMMARY OF THE INVENTION

[0010] An aspect of the present invention provides a fixed
focus transducer array capable being miniaturized by having
a reduced circuit area and increasing a processing speed, and
an ultrasonic wave transceiving apparatus using the same.
[0011] According to an aspect of the present invention,
there is provided a fixed focus transducer array including: a
plurality of transducers, transducing electrical signals into
ultrasonic signals to thereby focus the ultrasonic signals on a
single focal point and transducing reflected ultrasonic signals
from the single focal point into electrical signals to thereby
output the electrical signals, wherein the plurality of trans-
ducers are disposed to be symmetrical to each other based on
one transducer and simultaneously focus the ultrasonic sig-
nals on the single focal point at speeds according to the
respective natural frequencies thereof.

[0012] The plurality of transducers may include piezoelec-
tric elements having the same density and height, and the
respective natural frequencies of the plurality of transducers
may be determined according to sizes of cross sections of the
plurality of transducers.

[0013] Theplurality of transducers may have cross sections
with sizes gradually reduced from a center region of the
transducer array toward a surrounding region thereof.
[0014] The plurality of transducers may have a circular
cross section or a rectangular cross section.

[0015] The plurality of transducers may include piezoelec-
tric elements having the same height and cross-sectional area,
and the respective natural frequencies of the plurality of trans-
ducers may be determined according to density magnitudes
of the plurality of transducers. The plurality of transducers
may have density magnitudes gradually reduced from a cen-
ter region of the transducer array toward a surrounding region
thereof.

[0016] According to another aspect of the present inven-
tion, there is provided an ultrasonic wave transceiving appa-
ratus including: a transmission beam forming unit forming
electrical signals for ultrasonic signals; a transducer array
including a plurality of transducers, transducing the electrical
signals formed by the transmission beam forming unit into
the ultrasonic signals to thereby focus the ultrasonic signals
on a single focal point and transducing reflected ultrasonic
signals from the single focal point into electrical signals to
thereby output the electrical signals; and a reception beam
forming unit combining the electrical signals output from the
transducer array to thereby output an combined electrical
signal, wherein the plurality of transducers are disposed to be
symmetrical to each other based on one transducer and simul-
taneously focus the ultrasonic signals on the single focal point
at speeds according to the respective natural frequencies
thereof.

[0017] The plurality of transducers may include piezoelec-
tric elements having the same density and height, and the
respective natural frequencies of the plurality of transducers
may be determined according to sizes of cross sections of the
plurality of transducers.

[0018] Theplurality of transducers may have cross sections
with sizes gradually reduced from a center region of the
transducer array toward a surrounding region thereof. The
plurality of transducers may have a circular cross section or a
rectangular cross section.

[0019] The plurality of transducers may include piezoelec-
tric elements having the same height and cross-sectional area,
and the respective natural frequencies of the plurality of trans-
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ducers may be determined according to density magnitudes
of the plurality of transducers.

[0020] The plurality of transducers may have density mag-
nitudes gradually reduced from a center region of the trans-
ducer array toward a surrounding region thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0022] FIG.1isaview describing an ultrasonic wave trans-
ceiving method according to the related art;

[0023] FIG. 2 is a configuration diagram of an ultrasonic
wave transceiving apparatus according to an embodiment of
the present invention;

[0024] FIG. 3 isaview describing an ultrasonic wave trans-
ceiving method according to the embodiment of the present
invention;

[0025] FIGS. 4A through 4D are views showing various
forms of a transducer array according to the embodiment of
the present invention; and

[0026] FIG. 5 is a flow chart describing an ultrasonic wave
transceiving method according to the embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0027] Embodiments of the present invention will now be
described in detail with reference to the accompanying draw-
ings. However, the exemplary embodiments of the present
invention may be modified in many different forms and the
scope of the invention should not be limited to the embodi-
ments set forth herein. In the drawings, the shapes and dimen-
sions may be exaggerated for clarity, and the same reference
numerals will be used throughout to designate the same or
like components.

[0028] FIG. 2 is a configuration diagram of an ultrasonic
wave transceiving apparatus according to an embodiment of
the present invention; and FIG. 3 is a view describing an
ultrasonic wave transceiving method according to the
embodiment of the present invention. FIGS. 4A through 4D
are views showing various forms ofa transducer array accord-
ing to the embodiment of the present invention.

[0029] The ultrasonic wave transceiving apparatus accord-
ing to the embodiment of the present invention may include a
transmission beam forming unit 210 forming electrical sig-
nals for ultrasonic signals, a transducer array 240 including a
plurality of transducers 242a and 2424 transducing the elec-
trical signals formed by the transmission beam forming unit
210 into ultrasonic signals to thereby focus the ultrasonic
signals on a single focal point (FP) and transducing reflected
ultrasonic signals from the single focal point (FP) into elec-
trical signals to thereby output the electrical signals, and a
reception beam forming unit 260 combining the electrical
signals output from the transducer array 240 to thereby output
the combined electrical signal. Meanwhile, the plurality of
transducers 2424 and 2425 may be disposed to be symmetri-
cal to each other based on one transducer 242a and simulta-
neously focus the ultrasonic signals on the single focal point
(FP) at speeds according to the respective natural frequencies
thereof.
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[0030] Hereinafter, the ultrasonic wave transceiving appa-
ratus according to the embodiment of the present invention
will be described in detail with reference to FIGS. 2 through
4D.

[0031] First, referring to FIGS. 2 and 3, a controlling unit
200 may control the transmission beam forming unit 210 to
thereby form the electrical signals for ultrasonic signals, for
example, transmission pulse signals, and may control the
transmission beam forming unit 210 to thereby combine the
electrical signals output from the transducer array 240 and
output the combined electrical signal.

[0032] The transmission beam forming unit (a Tx beam
forming unit) 210 may form the electrical signals for ultra-
sonic signals, for example, the transmission pulse signals
according to the control of the controlling unit 200. The
formed transmission pulse signals may be transmitted to a Tx
amplifying unit 220.

[0033] The Tx amplifying unit 220 may amplify the trans-
mission pulse signals formed by the transmission beam form-
ing unit 210 by an appropriate gain and then transfer the
amplified transmission pulse signals to the transducer array
240 through a Tx/Rx switch 230.

[0034] The transducer array 240 may include the plurality
of transducers 242a and 242b. The respective transducers
242a and 242b may transduce the electrical signals formed by
the transmission beam forming unit 210 into ultrasonic sig-
nals to thereby focus the ultrasonic signals on the single focal
point (FP) and transduce reflected ultrasonic signals from the
single focal point (FP) into electrical signals to thereby output
the electrical signals.

[0035] The transducer array 240 may be in the form ofa 1-3
composite array in which piezoelectric elements such as the
transducers 242a and 2425 are buried in polymers 241, and
the plurality of transducers 242a and 2425 may be disposed to
be symmetrical to each other based on one transducer 242a
and simultaneously focus the ultrasonic signals on the single
focal point (FP) at speeds according to respective natural
frequencies thereof.

[0036] Generally, a natural frequency of a structure includ-
ing the transducers 242a and 2425 may be in inverse propor-
tional to mass thereof and be in proportion to rigidity thereof.
Therefore, in the case in which the transducers 242a and 24254
have the same cross-sectional area (width) and density (it is
assumed that they have the same rigidity), the natural fre-
quency of the transducers 242a and 2424 having a small
height (length) increases, such that ultrasonic waves gener-
ated from the transducers 242a and 24256 are generated at a
frequency equal to the natural frequency of the transducers
242a and 2425b. In addition, since a speed of the ultrasonic
wave is in proportion to the frequency thereof, when the
natural frequency (frequency) of the ultrasonic wave is high,
a propagation speed is rapid, and when the natural frequency
of the ultrasonic wave is low, a propagation speed is slow.
[0037] Similarly, as shown in FIG. 3, when it is assumed
that the respective transducers 242a and 2425 are piezoelec-
tric elements having the same density and height, the trans-
ducers 242a and 242b may be designed to have different
natural frequencies by having different-sized cross sections.
[0038] Therefore, in this case, when the transducer 242a
disposed in the center of the transducer array 240 is designed
to have a cross section with the largest size and the remaining
transducers 2426 are designed to have cross sections with
sizes gradually reduced from the center of the transducer
array 240 toward the surroundings thereof, the transducer
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242a disposed in the center of the transducer array 240 has a
highest ultrasonic wave speed W1 and the transducers dis-
posed in the outermost portions of the transducer array 240
have lowest ultrasonic wave speeds W2 and W3. Through the
principle, the ultrasonic waves generated from the respective
transducers 242a and 2425 may be focused on the single focal
point (FP). The cross section of the transducers 242a and
2425 may have various shapes as shown in FIGS. 4A through
4D. More specifically, according to the embodiment of the
present invention, the cross sections of the transducers 242a
and 2425 may have a rectangular shape as shown in FIGS. 4A
and 4C. According to another embodiment of the present
invention, the cross sections of the transducers 242a and 2425
may have a circular shape as shown in FIGS. 4B and 4D. The
shape of the cross sections of the transducers 242a and 2425
is only an example and may be variously changed by those
skilled in the art as needed.

[0039] According to another embodiment of the present
invention, when it is assumed that the plurality of transducers
242a and 2424 are the piezoelectric elements having the same
height and cross-sectional area, the respective natural fre-
quencies of the plurality of transducers 242a and 2425 may be
determined according to density magnitudes of the transduc-
ers 242a and 2425b. That is, in this case, when the transducer
242a disposed in the center of the transducer array 240 is
designed to have a highest density magnitude and the remain-
ing transducers 2425 are designed to have density magnitudes
gradually reduced from the center of the transducer array 240
toward the surroundings thereof, the transducer 2424 dis-
posed in the center of the transducer array 240 has the highest
ultrasonic wave speed W1 and the transducers disposed in the
outermost portions of the transducer array 240 have the low-
est ultrasonic wave speeds W2 and W3. In this case, the cross
sections of the transducers 242a and 2425 may have a circular
shape or a rectangular shape as shown in FIGS. 4A through
4D; however, the cross sections of the transducers 242a and
242b need to have the same size.

[0040] As described above, in order to focus the ultrasonic
signals transduced by the respective transducers 242a and
242b on the single focal point (FP), a separate external delay
circuit is not required. Instead, the respective transducers
242a and 2425 are designed to have different natural frequen-
cies, whereby the ultrasonic signals generated from the
respective transducers 242a and 2425 may be focused on the
single focal point (FP) at the same time.

[0041] In addition, a Rx amplifying unit 250 may amplify
the electrical signals transmitted from the transducer array
240 by an appropriate gain and then transmit the amplified
electrical signals to the reception beam forming unit 260.

[0042] The reception beam forming unit (a Rx beam form-
ing unit) 260 may combine the electrical signals transmitted
from the transducer array 240 through a Tx/Rx switch 230 to
thereby output the combined electrical signal. The combined
electrical signal may be transmitted to a signal processing
unit 270.

[0043] The signal processing unit 270 may perform appro-
priate signal processing on the electrical signal transmitted
from the reception beam forming unit 260 and then transmit
a signal processing result to a display unit 280. According to
the embodiment of the present invention, the signal process-
ing unit 270 may determine whether a blood flow is present in
the focal point (FP), based on a change in a frequency caused
by a Doppler effect of the electrical signal transferred from
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the reception beam forming unit 260. The above-mentioned
technology may be applied to a living body fingerprint rec-
ognition field, or the like.

[0044] Finally, the display unit 280 may display the signal
processing result transmitted from the signal processing unit
270 in a two-dimension or a three-dimension.

[0045] As described above, according to the embodiment
of'the present invention, the plurality of transducers included
in the transducer array are designed on the basis of the respec-
tive natural frequencies thereof so that the ultrasonic signals
may be simultaneously focused on the single focal point,
whereby a circuit area may be reduced to thereby allow for
miniaturization and a increased processing speed.

[0046] Finally, FIG. 5 is a flow chart describing an ultra-
sonic wave transceiving method according to the embodi-
ment of the present invention. For simplification of explana-
tion, a description of contents overlapped with contents
described with reference to FIGS. 2 through 4D will be omit-
ted.

[0047] Referring to FIGS. 2 and 5, first, the transmission
beam forming unit 210 may form the electrical signals for
ultrasonic signals, for example, the transmission pulse signals
according to the control of the controlling unit 200 (S500).
The formed transmission pulse signals may be amplified by
an appropriate gain by the Tx amplifying unit 220 and be then
transmitted to the transducer array 240 through the Tx/Rx
switch 230.

[0048] Next, the respective transducers 242a and 2426 of
the transducer array 240 may transduce the electrical signals
formed by the transmission beam forming unit 210 into the
ultrasonic signals to thereby focus the ultrasonic signals on
the single focal point (FP) and transduce reflected ultrasonic
signals from the single focal point (FP) into electrical signals
to thereby output the electrical signals (S510).

[0049] The transducer array 240 may be in the form ofa 1-3
composite array in which piezoelectric elements such as the
transducers 242a and 242b are buried in the polymers 241,
and the plurality of transducers 242a and 2426 may be dis-
posed to be symmetrical to each other based on one trans-
ducer 242a and simultaneously focus the ultrasonic signals
on the single focal point (FP) at speeds according to the
respective natural frequencies.

[0050] According to the embodiment of the present inven-
tion, when it is assumed that the plurality of transducers 22a
and 2424 are piezoelectric elements having the same density
and height, the respective natural frequencies of the plurality
of transducers 242a and 24256 may be determined according
to the sizes of the cross sections of the transducers 242a and
242b, and the transducers 242a and 2425 are designed to have
the cross sections with sizes gradually reduced from the cen-
ter of the transducer array 240 toward the surroundings
thereof, whereby the ultrasonic signals may be simulta-
neously focused on the single focal point (FP). Here, the
cross-sections of the plurality of transducers 2424 and 2425
may have a circular shape, a rectangular shape, or the like, as
shown in FIGS. 4A through 4D.

[0051] According to another embodiment of the present
invention, when it is assumed that the plurality of transducers
22a and 24256 are the piezoelectric elements having the same
height and cross-sectional area, the respective natural fre-
quencies of the plurality of transducers 242a and 2425 may be
determined according to the density magnitudes of the trans-
ducers 242a and 24254, and the transducers 242a and 2425 are
designed to have the density magnitudes gradually reduced
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from the center of the transducer array 240 toward the sur-
roundings thereof, whereby the ultrasonic signals may be
simultaneously focused on the single focal point (FP). In this
case, the cross sections of the transducers may have a circular
shape or a rectangular shape as shown in FIGS. 4A through
4D, but need to have the same size.

[0052] Finally, the reception beam forming unit 260 may
combine the electrical signals output from the transducer
array 240 to thereby output the combined electrical signal
(S520). The combined electrical signal may be transmitted to
the signal processing unit 270. Then, the signal processing
unit 270 may perform appropriate signal processing on the
combined electrical signal transmitted from the reception
beam forming unit (the Rx beam forming unit) 260 and then
transmit a signal processing result to the display unit 280,
thereby allowing the display unit 280 to display the signal
processing result in a two-dimension or a three-dimension.
According to the embodiment of the present invention, the
signal processing unit 270 may determine whether a blood
flow is present in the focal point (FP) based on a change in a
frequency caused by a Doppler effect of the electrical signal
transmitted from the reception beam forming unit 260. The
above-mentioned technology may be applied to a living body
fingerprint recognition field, or the like.

[0053] As set forth, according to the embodiment of the
present invention, the plurality of transducers included in the
transducer array are designed on the basis of the respective
natural frequencies thereof so that the ultrasonic signals may
be simultaneously focused on the single focal point, whereby
a circuit area may be reduced to thereby allow for miniatur-
ization and a increased processing speed.

[0054] While the present invention has been shown and
described in connection with the embodiments, it will be
apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and
scope of the invention as defined by the appended claims.

What is claimed is:

1. A fixed focus transducer array comprising:

aplurality of transducers transducing electrical signals into

ultrasonic signals to thereby focus the ultrasonic signals
on a single focal point and transducing reflected ultra-
sonic signals from the single focal point into electrical
signals to thereby output the electrical signals,

wherein the plurality of transducers are disposed to be

symmetrical to each other based on one transducer and
simultaneously focus the ultrasonic signals on the single
focal point at speeds according to the respective natural
frequencies thereof.

2. The fixed focus transducer array of claim 1, wherein the
plurality of transducers include piezoelectric elements having
the same density and height, and

the respective natural frequencies of the plurality of trans-

ducers are determined according to sizes of cross sec-
tions of the plurality of transducers.

3. The fixed focus transducer array of claim 2, wherein the
plurality of transducers have cross sections with sizes gradu-
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ally reduced from a center region of the transducer array
toward a surrounding region thereof.

4. The fixed focus transducer array of claim 1, wherein the
plurality of transducers have a circular cross section or a
rectangular cross section.

5. The fixed focus transducer array of claim 1, wherein the
plurality of transducers include piezoelectric elements having
the same height and cross-sectional area, and

the respective natural frequencies of the plurality of trans-
ducers are determined according to density magnitudes
of the plurality of transducers.

6. The fixed focus transducer array of claim 5, wherein the
plurality of transducers have density magnitudes gradually
reduced from a center region of the transducer array toward a
surrounding region thereof.

7. An ultrasonic wave transceiving apparatus comprising:

a transmission beam forming unit forming electrical sig-
nals for ultrasonic signals;

a transducer array including a plurality of transducers,
transducing the electrical signals formed by the trans-
mission beam forming unit into the ultrasonic signals to
thereby focus the ultrasonic signals on a single focal
point and transducing reflected ultrasonic signals from
the single focal point into electrical signals to thereby
output the electrical signals; and

a reception beam forming unit combining the electrical
signals output from the transducer array to thereby out-
put an combined electrical signal,

wherein the plurality of transducers are disposed to be
symmetrical to each other based on one transducer and
simultaneously focus the ultrasonic signals on the single
focal point at speeds according to the respective natural
frequencies thereof.

8. The ultrasonic wave transceiving apparatus of claim 7,
wherein the plurality of transducers include piezoelectric ele-
ments having the same density and height, and

the respective natural frequencies of the plurality of trans-
ducers are determined according to sizes of cross sec-
tions of the plurality of transducers.

9. The ultrasonic wave transceiving apparatus of claim 8,
wherein the plurality of transducers have cross sections with
sizes gradually reduced from a center region of the transducer
array toward a surrounding region thereof.

10. The ultrasonic wave transceiving apparatus of claim 7,
wherein the plurality of transducers have a circular cross
section or a rectangular cross section.

11. The ultrasonic wave transceiving apparatus of claim 7,
wherein the plurality of transducers include piezoelectric ele-
ments having the same height and cross-sectional area, and

the respective natural frequencies of the plurality of trans-
ducers are determined according to density magnitudes
of the plurality of transducers.

12. The ultrasonic wave transceiving apparatus of claim 11,
wherein the plurality of transducers have density magnitudes
gradually reduced from a center region of the transducer array
toward a surrounding region thereof.

#* #* #* #* *



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
ShEREESE

BEG®F)

BERR/RERESMNEAENESRREARE

US20130131515A1

US13/360458

Z7ASEOUP

LEE , SEUNG SEOUP

ZENERHBARLA.

LEE SEUNG SEOUP

LEE, SEUNG SEOUP

A61B8/14 A61B8/00

A61B8/4494 A61B8/44 A61B8/4483 A61B8/4477

1020110122241 2011-11-22 KR

US9060734

Espacenet USPTO

RHT -MEEERREREINEAZEINEEREARE. BE
RRIRBESRMD R : 2 MRS  NRESHRRBERFES , N
BEESREEEIMERL  ANRBEERNRFBEFESRRAR
5, NRAHBEES RS NMEERRERET — MRAERRILXY
W, AERRNESAESUREREEEERERNEEREEEIMER
Lo EHE, BT BEEER , M ATASKRINEAL I B A RS EE

E.

patsnap

AT () B 2013-05-23
FiEH 2012-01-27
200
210 240
220 2 )
2 | T | ARG / '
. FORMING UNIT (NIT Ll TRANSOLCER
az e ST )™ iy
25 | [ R |, AR,
z FORNING UNIT WIT
© R
PRUCE
Wit ~2rl
DISPLAY UNIT 280



https://share-analytics.zhihuiya.com/view/a80a04ff-710d-470f-a1ff-d8705b43d29e
https://worldwide.espacenet.com/patent/search/family/048427609/publication/US2013131515A1?q=US2013131515A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220130131515%22.PGNR.&OS=DN/20130131515&RS=DN/20130131515

