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TRANSMIT/RECEIVE ISOLATION FOR AN
ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2009-18940 filed on Mar. 5, 2009,
the entire subject matter of which is incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasound sys-
tems, and more particularly to transmit/receive isolation for
an ultrasound system, with which a high voltage transmit
signal is blocked from being propagated to a receiving unit
during a transmission period.

BACKGROUND

[0003] Due to its non-invasive and non-destructive nature,
an ultrasound system has been extensively used for acquiring
internal information of a target object in the medical profes-
sion. Since the ultrasound system may provide a high resolu-
tion image to a doctor without a surgical treatment, which is
performed by directly incising and observing the target
object, it is very helpful in the medical profession.

[0004] Generally, an ultrasound system includes a transmit/
receive switch. The transmit/receive switch connects a trans-
mitting unit with an ultrasound probe during a transmission
period of an ultrasound signal to transmit a high voltage
transmit signal from a receiving unit to an ultrasound probe.
At the same time, the transmit/receive switch blocks a trans-
mitsignal to be propagated to the receiving unit. The transmit/
receive switch connects the receiving unit with the ultrasound
probe during a receiving period of an ultrasound signal to
transmit the receive signal outputted from the ultrasound
probe, which receives the ultrasound signal reflected from a
target object (i.e., ultrasound echo signal), to the receiving
unit.

[0005] When an ultrasound image in thin depth is obtained
with the conventional ultrasound system, a high voltage trans-
mit signal is propagated to the receiving unit. This is because
the transmit/receive switch cannot completely block the
transmit signal to be propagated to the receiving unit. This not
only affects the receiving unit but also reduces quality of the
ultrasound image.

SUMMARY

[0006] Embodiments of an ultrasound system for blocking
a high voltage transmit signal to be propagated to a receiving
unit during a transmission period of an ultrasound signal are
disclosed herein.

[0007] In one embodiment, by way of non-limiting
example, an ultrasound system comprises: a transmitting unit
configured to form a plurality of transmit signals; an ultra-
sound probe configured to convert the transmit signals to a
plurality of ultrasound signals, transmit the ultrasound sig-
nals to a target object, receive a plurality of echo signals
reflected from the target object and form a plurality of receive
signals based on the echo signals; a receiving unit; and a
switching unit coupled to the transmitting unit, the ultrasound
probe and the receiving unit and comprising a plurality of
diode bridges each being switchable between first and second
states such that the respective transmit signal is blocked from
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being propagated to the receiving unit when the diode bridge
is in the first state and the respective receive signal is allowed
to be propagated to the receiving unit when the diode bridge
is in the second state.

[0008] In one embodiment, by way of non-limiting
example, an ultrasound system comprises: a transmitting unit
configured to form a plurality of transmit signals; an ultra-
sound probe configured to convert the transmit signals to a
plurality of ultrasound signals, transmit the ultrasound sig-
nals to a target object, receive a plurality of echo signals
reflected from the target object and form a plurality of receive
signals based on the echo signals; a receiving unit; a switch-
ing unit coupled to the transmitting unit, the ultrasound probe
and the receiving unit; a voltage measuring unit configured to
measure a voltage of each of the transmit signals to form a
measured voltage; and a control unit configured to perform
the following steps: comparing the measured voltage with a
predetermined threshold voltage, controlling the switching
unit to block the transmit signal from being propagated to the
receiving unit if the measured voltage is over the predeter-
mined threshold voltage and controlling the switching unit to
allow the receive signal to be propagated to the receiving umt
if the measured voltage is below the predetermined threshold
voltage.

[0009] In one embodiment, by way of non-limiting
example, an ultrasound system comprises: a transmitting unit
configured to form a plurality of transmit signals; an ultra-
sound probe configured to convert the transmit signals to a
plurality of ultrasound signals, transmit the ultrasound sig-
nals to a target object, receive a plurality of echo signals
reflected from the target object and form a plurality of receive
signals based on the echo signals; a receiving unit; a switch-
ing unit coupled to the transmitting unit, the ultrasound probe
and the receiving unit; a voltage measuring unit configured to
measure a voltage of each of the transmit signals to form a
measured voltage; and a control unit responsive to a blocking
instruction to control the switching unit to block the corre-
sponding transmit signal from being propagated to the receiv-
ing unit and further responsive to a non-blocking instruction
to control the switching unit to allow the corresponding
receive signal to be propagated to the receiving unit.

[0010] In one embodiment, by way of non-limiting
example, an ultrasound system comprises: a transmitting unit
configured to form a transmit signal; an ultrasound probe
configured to convert the transmit signal to an ultrasound
signal, the ultrasound probe being further configured to trans-
mit the ultrasound signal to a target object during a transmit
period, receive an echo signal reflected from the target object
during a receive period and form a receive signal based on the
echo signal; a receiving unit; and a switching unit coupled to
the transmitting unit, the ultrasound probe and the receiving
unit and comprising a plurality of diode bridges, each being
configured to block the respective transmit signal from being
propagated to the receiving unit during the transmit period
and allow the respective receive signal to be propagated to the
receiving unit during the receive period.

[0011] TheSummary is provided to introduce a selection of
concepts in a simplified form that are further described below
in the Detailed Description. This Summary is not intended to
identify key or essential features of the claimed subject mat-
ter, nor is itintended to be used in determining the scope of the
claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system applied to a switching
unit according to the present invention.
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[0013] FIG.?2isanillustrative a switching unit according to
an embodiment of the present invention.

DETAILED DESCRIPTION

[0014] The present invention is described below in view of
the provided drawings.

[0015] FIG. 1 is a block diagram showing an illustrative
embodiment of an ultrasound system 100 applied to a switch-
ing unit 140 according to the present invention. A transmitting
unit 110 forms a high voltage transmit signal to obtain frames.
The frames include B mode (brightness mode) image, D
mode (Doppler mode) image, ¢ mode (color mode) image,
elasticity image, etc.

[0016] An ultrasound probe 120 converts transmit signals
to a plurality of ultrasound signals, transmits them to a target
object, receives a plurality of echo signals reflected from the
target object and forms a plurality of receive signals based on
the ultrasound echo signals. The ultrasound probe 120
includes a plurality of transducer elements for converting an
ultrasound signal into an electronic signal and vice-versa.
[0017] A receiving unit 130 converts a plurality of receive
signals from the ultrasound probe 120 to analog signals. In
addition, the receiving unit 130 focuses a plurality of receive
signals, which are converted in digital, based on a focusing
point and position of a transducer element on the ultrasound
probe 120. The receiving unit 130 forms a plurality of ultra-
sound data by using the plurality of receive and focusing
signals.

[0018] A switching unit 140 is coupled to the transmitting
unit 110, the ultrasound probe 120 and the receiving unit 130.
The switching unit 140 connects the transmitting unit 110 to
the ultrasound probe 120 during a transmission period of an
ultrasound signal and transmits a high voltage transmit signal
from the transmitting unit 110 to the ultrasound probe 120. At
the same time, the switching unit 140 blocks the transmit
signal to be propagated to the receiving unit 130. Also, the
switch unit 140 connects the receiving unit 130 with the
ultrasound probe 120 during a receiving period of an ultra-
sound signal and transmits the receive signal from the ultra-
sound probe 120 to the receiving unit 130.

[0019] Now referring to FIG. 2, the switching unit 140 is
described for isolating the receiving unit 130 from transmit
signal during the transmission period of the ultrasound signal.
In one embodiment, the switching unit 140 comprises a plu-
rality of diode bridges, each being switchable between first
and second states such that the respective transmit signal is
blocked from being propagated to the receiving unit 130
when the diode bridge is in the first state and the respective
receive signal is allowed to be propagated to the receiving unit
130 when the diode bridge is in the second state. The switch-
ing unit 140 further comprises a switching module 240 con-
nected to the diode bridges. The switching module 240 is
operable to reverse-bias the diode bridge in the first state and
forward-bias the diode bridge in the second state. In one
embodiment, the switching module 240 comprises a pair of
switches. During the transmission period of an ultrasound
signal, a first switch SW 1 is connected to a minus voltage
terminal -V and a second switch SW 2 is connected to a plus
voltage terminal +V, to make the diode bridge off. Thus, a
high voltage signal from the transmitting unit 110 may not be
propagated to the receiving unit 130 and the receiving unit
130 can be completely isolated. On the other hand, during the
receiving period of an ultrasound signal, the first switch SW
11s connected to the plus voltage terminal +V and the second
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switch SW 2 is connected to a minus voltage terminal -V.
Thus, the diode bridge is on and forward bias current may be
propagated to the diode bridge. As such, the receive signal
from the ultrasound probe 120 is transmitted to the receiving
unit 130 via the diode bridge. The first and second switches
can be implemented with mechanical relay transistors, field
effect transistors (FET), etc. The switching module 240 is
configured to control the diode bridges to be individually or
simultaneously switchable.

[0020] Now referring FIG. 1, the control unit 150 controls
the switching unit 140. Also, the control unit 150 controls
transmit/receive of an ultrasound signal, as well as the for-
mation and display of ultrasound images. The control unit
150 is responsive to a blocking instruction to control the
switching unit to block the corresponding transmit signal
from being propagated to the receiving unit, the control unit is
further responsive to a non-blocking instruction to control the
switching unit to allow the corresponding receive signal to be
propagated to the receiving unit.

[0021] A processor 160 forms ultrasound images by using
a plurality of ultrasound data from the receiving unit 130. A
display unit 170 displays ultrasound images formed in the
processor 160.

[0022] In one embodiment, an ultrasound system may
include a voltage measuring unit. The voltage measuring unit
may measure voltage of each of transmit signals during a
transmission period of ultrasound signals and form a mea-
sured voltage. The control unit 150 may be operable to per-
form the following steps: comparing the measured voltage
with a predetermined threshold voltage, controlling the
switching unit 140 to block the respective transmit signal
from being propagated to the receiving unit 130 if the mea-
sured voltage is over the predetermined threshold voltage,
controlling the switching unit 140 to allow the respective
receive signal to be propagated to the receiving unit 130 if the
measured voltage is below the threshold voltage.

[0023] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments within the scope of the disclosure, the drawings and the
appended claims. In addition to variations and modifications
in the component parts and/or arrangements, alternative uses
will also be apparent to those skilled in the art.

[0024] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

What is claimed is:

1. An ultrasound system, comprising:

a transmitting unit configured to form a plurality of trans-
mit signals;

an ultrasound probe configured to convert the transmit
signals to a plurality of ultrasound signals, transmit the
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ultrasound signals to a target object, receive a plurality

of echo signals reflected from the target object and form

a plurality of receive signals based on the echo signals;
areceiving unit; and

a switching unit coupled to the transmitting unit, the ultra-
sound probe and the receiving unit and comprising a
plurality of diode bridges each being switchable
between first and second states such that the respective
transmit signal is blocked from being propagated to the
receiving unit when the diode bridge is in the first state
and the respective receive signal is allowed to be propa-
gated to the receiving unit when the diode bridge is in the
second state.

2. The ultrasound system of claim 1, wherein the switching
unit further comprises a switching module connected to the
diode bridges.

3. The ultrasound system of claim 2, wherein the switching
module is configured to forward-bias the diode bridge in the
second state.

4. The ultrasound system of claim 2, wherein the switching
module is configured to reverse-bias the diode bridge in the
first state.

5. The ultrasound system of claim 2, wherein the switching
module comprises a pair of switches.

6. The ultrasound system of claim 2, wherein the switching
module is configured to control the diode bridges to be indi-
vidually or simultaneously switchable.

7. An ultrasound system, comprising:

a transmitting unit configured to form a plurality of trans-

mit signals;
an ultrasound probe configured to convert the transmit
signals to a plurality of ultrasound signals, transmit the
ultrasound signals to a target object, receive a plurality
of echo signals reflected from the target object and form
a plurality of receive signals based on the echo signals;
a receiving unit;
a switching unit coupled to the transmitting unit, the ultra-
sound probe and the receiving unit;
a voltage measuring unit configured to measure a voltage
of each of the transmit signals to form a measured volt-
age; and
a control unit configured to perform the following steps:
comparing the measured voltage with a predetermined
threshold voltage,

controlling the switching unit to block the transmit sig-
nal from being propagated to the receiving unit if the
measured voltage is over the predetermined threshold
voltage, and
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controlling the switching unit to allow the receive signal
to be propagated to the receiving unit if the measured
voltage is below the predetermined threshold voltage.

8. The ultrasound system of claim 7, wherein the switching
unit comprises a plurality of diode bridges coupled to the
transmitting unit and the receiving unit and the control unit is
configured to control the diode bridges.

9. The ultrasound system of claim 8, wherein the switching
unit further comprises a switching module connected to the
diode bridges.

10. An ultrasound system, comprising:

a transmitting unit configured to form a plurality of trans-

mit signals;

an ultrasound probe configured to convert the transmit
signals to a plurality of ultrasound signals, transmit the
ultrasound signals to a target object, receive a plurality
of echo signals reflected from the target object and form
a plurality of receive signals based on the echo signals;

a receiving unit;

a switching unit coupled to the transmitting unit, the ultra-
sound probe and the receiving unit;

a voltage measuring unit configured to measure a voltage
of each of the transmit signals to form a measured volt-
age; and

a control unit responsive to a blocking instruction to con-
trol the switching unit to block the corresponding trans-
mit signal from being propagated to the receiving unit,
the control unit being further responsive to a non-block-
ing instruction to control the switching unit to allow the
corresponding receive signal to be propagated to the
receiving unit.

11. An ultrasound system, comprising:

a transmitting unit configured to form a transmit signal;

an ultrasound probe configured to convert the transmit
signal to an ultrasound signal, the ultrasound probe
being further configured to transmit the ultrasound sig-
nal to a target object during a transmit period, receive an
echo signal reflected from the target object during a
receive period and form a receive signal based on the
echo signal;

a receiving unit; and

a switching unit coupled to the transmitting unit, the ultra-
sound probe and the receiving unit and comprising a
plurality of diode bridges, each being configured to
block the respective transmit signal from being propa-
gated to the receiving unit during the transmit period and
allow the respective receive signal to be propagated to
the receiving unit during the receive period.

* ok % k0%



patsnap

TRAFROE) BERENEE/ERIEE

[F(2E)F US20100228128A1 [ (r&)B 2010-09-09

RiES US12/698889 % B 2010-02-02

FRIEE(EFR)AGR) ZFLGYO

BE (T RR)AGE) =  #GYO

LEEHIB(ERR)AGE) =ZEMEDISON CO. , LTD.

HRIR B A LEE HONG GYO

KB LEE, HONG GYO

IPCH %S AG1B8/14

CPCH#%E AG1B8/00 A61B8/54 A61B8/4444 A61B8/4483 A61B8/461 A61B8/485 A61B8/488 A61B8/5207 GO1S7
/52017 G01S7/5205

1% 1020090018940 2009-03-05 KR

H AT 8 US9380993

SNEBEEHE Espacenet  USPTO

BEGEF) 100

NFT—HATEEFERENAFZERRE , UHILSELASFESEERE 110 13;0

EEN A EARBEEEIZERET, —HEFRE , 8fF . kX [ ‘

T, BREANFERSANREES BFRL , HEENFELAHESHIRN TRANUSM'TTT'NG REEE'%‘NG

ZNBEES  JBFESAHIENNR , BUNERIRREFNS 1%0 150 170

AERES  HETERESHRS MNERIES B F ST | 18 ( 3 b

SEERET  BERANBRER FEQESITRER, S [WRSONO || covmoLiNT e DISPLAY

HREHR AT 8 — A5 TRAS 2 AR | 2483 = AR A Lk AR RIAO £ %15 PROBE T

SEBEERE T, YMEFLTE RSN, FESLTE—R t t

A, FEAFHNNERES HERERE T, swmme PROCESSOR

S

140

|

160



https://share-analytics.zhihuiya.com/view/8fb2a58b-65d7-4a3b-94c8-1346357befca
https://worldwide.espacenet.com/patent/search/family/041727824/publication/US2010228128A1?q=US2010228128A1
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=%2220100228128%22.PGNR.&OS=DN/20100228128&RS=DN/20100228128

