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US 2005/0131297 Al

ULTRASONIC DIAGNOSTIC EQUIPMENT

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic equipment, and more particularly to an ultrasonic
diagnostic equipment for performing linear scanning by
using arrayed transducer elements.

BACKGROUND ART

[0002] An ultrasonic diagnostic equipment is an equip-
ment for observing an internal state of an examination object
by transmitting an ultrasonic wave from an ultrasonic probe
(probe) arraying ultrasonic transducer elements into the
examination object, receiving at the ultrasonic probe the
ultrasonic wave returned after being reflected inside the
examination object, and signal-processing and imaging the
received ultrasonic wave. As an ultrasonic beam control
method in the ultrasonic diagnostic equipment, there are
sector scanning method and linear scanning method. The
sector scanning method is a scanning method, wherein a
measurement cross sectional layer is expressed as polar
coordinates, a wave transmitting position of an ultrasonic
wave is set to an origin, a traveling direction of the ultrasonic
wave is designated as a diameter direction, and a wave
transmitting direction is designated as an angle direction.
The linear scanning method is a scanning method, wherein
a measurement cross sectional layer is expressed as Carte-
sian coordinates, a traveling direction of an ultrasonic wave
is designated as one axis, and a wave transmitting position
of the ultrasonic wave is moved on the other orthogonal axis.

[0003] In an ultrasonic diagnostic equipment for perform-
ing the linear scanning by using arrayed transducer elements
of an ultrasonic probe, focusing technique, in which con-
vergence of ultrasonic beam is performed by using the
plurality of arrayed transducer elements concurrently is
utilized. There is transmission focusing technique, wherein
control is made so that ultrasonic beam is converged at a
certain test part in the body by shifting generation start
timing of pulse given to respective transducer elements of an
ultrasonic probe. Further, there is an ultrasonic diagnostic
equipment for performing synthetic aperture scanning.

[0004] Descriptions will be hereinafter given of the focus-
ing technique briefly. A transmission timing signal is output
from a transmission timing control circuit to a driver at a
timing that ultrasonic beam concurrently reaches the part
where the ultrasonic beam is desired to be converged. The
driver generates ultrasonic transmission pulse according to
the transmission timing signal, and transmits the ultrasonic
transmission pulse to a transducer element. Each driver and
each transducer element are connected one for one. A signal
converted to an ultrasonic wave at the transducer element is
reflected inside the examination object, converted to an
electrical signal at the transducer element, and delay-added
at a reception beam forming device.

[0005] In the synthetic aperture scanning, drive pulse is
generated in a transmission circuit, and a selected transducer
element is driven. The transducer element generates ultra-
sonic pulse, and ultrasonic pulse reflected inside the exami-
nation object is received at the transducer element as an echo
ultrasonic wave. The receiver signal is amplified, converted
to digital data, and written in a memory. After writing in the
memory is finished, a different transducer element is
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selected, and a receiver signal is written in the memory as
above. The respective receiver signals stored in the memory
are added with a given time difference. The added receiver
signals are signal-processed at a signal processor, and shown
on a display part. When the examination object remains
stationary during reception, a signal from a specific inner
part of the examination object can be emphasized, and sharp
reception directivity can be obtained. Some examples of
conventional ultrasonic diagnostic equipments will be here-
inafter cited. “Ultrasonic diagnostic equipment” disclosed in
Japanese Unexamined Patent Application Publication No.
HO07-67879 is an ultrasonic diagnostic equipment for per-
forming the synthetic aperture, wherein image deterioration
caused by motion of an examination object is prevented.
Arrayed transducer elements are driven by a transmission
circuit, and ultrasonic waves are transmitted into an exami-
nation object. Among echo received at the transducer ele-
ments, a signal of a given transducer element is selected by
a switch. The signal is appropriately amplified at an ampli-
fier, converted to a digital signal at an A/D converter, and
then delay-added at a beam synthetic part, and stored in a
memory. As above, an ultrasonic wave is transmitted again,
and a signal of other transducer element is selected by a
switch. Similar signal processing is performed at the ampli-
fier, the A/D converter, and the beam synthetic part, and then
the signal is added to the delay-added signal which has been
stored in the memory. These added signals are provided with
signal processing at a signal processing part, and then shown
on a display part.

[0006] “Ultrasonic diagnostic equipment” disclosed in
Japanese Unexamined Patent Application Publication No.
2000-152937 is an ultrasonic diagnostic equipment, wherein
the number of transmission drivers is reduced without losing
a shape of reception beam. By inserting a switch (diode)
between the transmission driver and a transducer element, a
plurality of transducer elements can be driven by one driver.
In reception, signals of the respective transducer elements
can be processed independently.

[0007] A concrete example of the conventional ultrasonic
diagnostic equipment which performs the linear scanning
will be hereinafter described with reference to FIG. 13.
FIG. 13 is a block diagram of a front end part of the
ultrasonic diagnostic equipment. In FIG. 13, a probe 1 is an
ultrasonic probe comprising an array of transducer elements
2-1 to 2-32. The transducer elements 2-1 to 2-32 are actua-
tors/sensors for transmitting and receiving ultrasonic waves.
High voltage switches 3-1 to 3-32 are switches for selecting
transducer elements corresponding to an aperture to be used,
and applying high voltage transmission pulse. Pulsers 4-1 to
4-16 are transmission drive circuits generating transmission
pulse. A trigger generator 3 is a means for generating
transmission trigger signals. Limiters 6-1 to 6-16 are means
for clipping the high voltage transmission pulse to protect
subsequent stage circuits. A cross point switch (CPS) 7 is a
means for sorting and adding limiter outputs. A/D converters
8-1 to 8-8 are means for converting analog receiver signals
to digital signals. A beam forming device 9 is a means for
delay-adding the digital converted data. A controller 10 is a
means for performing timing control of a transmission
circuit and a reception circuit.

[0008] Operation of the conventional ultrasonic diagnostic
equipment constructed as above will be hereinafter
described. The trigger generator 5 generates a transmission
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trigger signal, a timing signal for outputting ultrasonic pulse.
According to the transmission trigger signal, the pulsers 4-1
to 4-16 generate transmission pulse. In order to protect
circuits such as the subsequent stage cross point switch from
high voltage transmission pulse generated at the pulsers 4-1
to 4-16, the limiters 6-1 to 6-16 clip the high voltage
transmission pulse to enter the cross point switch 7. By
selectively turning ON/OFF the high voltage switches 3-1 to
3-32, the high voltage transmission pulse is applied to only
transducer elements to be driven. By this selective operation,
a position and a width of an aperture of the probe 1 are
determined.. Selected 16 transducer elements of the probe 1
transmit ultrasonic waves to the examination object.

[0009] Reflected ultrasonic waves from the examination
object are received at the transducer elements 2-1 to 2-32.
The receiver signals pass selected 16 high voltage switches,
enter the cross point switch 7 via the limiters 6-1 to 6-16. At
the cross point switch 7, the receiver signals are sorted and
added, and then changed into eight synthetic receiver sig-
nals. The synthetic receiver signals are converted to digital
signals at the A/D converters 8-1 to 8-8. The digital con-
verted receiver signals are delay-added and directivity is
adjusted at the beam forming device 9. The resultant output
signal is converted to an image signal at an unshown circuit,
and displayed. The controller 10 performs timing control of
the transmission circuit and the reception circuit of the
ultrasonic waves.

[0010] In the foregoing conventional ultrasonic diagnostic
devices, however, many circuits are required, and therefore,
there is a problem that manufacturing the conventional
ultrasonic diagnostic device is costly. In particular, there is
a problem that manufacturing the transmission drive circuit
(pulser) for generating transmission pulse is significantly
costly.

DISCLOSURE OF THE INVENTION

[0011] It is an object of the invention to provide an
ultrasonic diagnostic equipment, which can solve the fore-
going conventional problems and perform linear scanning
with few transmission drive circuits.

[0012] In order to solve the foregoing tasks, in the inven-
tion, the ultrasonic diagnostic equipment is an ultrasonic
diagnostic equipment comprising; a plurality of arrayed
ultrasonic transducer elements, a plurality of transmission
drive circuits for driving the ultrasonic transducer elements,
a plurality of high voltage switches for connecting the
ultrasonic transducer elements and the transmission drive
circuits, a plurality of limiters for clipping transmission
pulse having a given voltage or more, which is generated at
the transmission drive circuits, a cross point switch which
has input terminals whose number is larger than of the
transmission drive circuits, and performs sorting and adding
signals received at the ultrasonic transducer elements, low
voltage switches for connecting output signals of the limiters
to the input terminals of the cross point switch, A/D con-
verters for converting output signals of the cross point
switch to digital signals, and a beam forming device for
delay-adding the output signals of the A/D converters,
wherein:

[0013] an ultrasonic pulse transmission circuit has
fewer channels than a reception circuit. Since the
ultrasonic diagnostic equipment is constructed as
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above, connection patterns of the high voltage switch
for transmission and connection patterns of the low
voltage switches for reception can be changed inde-
pendently, and linear scanning with sufficient preci-
sion can be performed even with few transmission
drive circuits.

[0014] Further, the ultrasonic diagnostic equipment com-
prises a means for changing connection patterns of the high
voltage switches, and a means for turning ON/OFF the high
voltage switches by a connection pattern with which an
aperture wider than a minimum aperture determined by the
number of the transmission drive circuits is obtained. Since
the ultrasonic diagnostic equipment is constructed as above,
an aperture wider than a minimum aperture determined by
the number of the transmission drive circuits can be obtained
by changing connection methods of the high voltage
switches for transmission. In particular, when focus is set at
the deep part, a beam shape can be improved.

[0015] Further, the ultrasonic diagnostic equipment com-
prises a means for identifying a type of a probe connected,
and a means for changing a size of the aperture according to
the type of the probe. Since the ultrasonic diagnostic equip-
ment is constructed as above, an optimum aperture diameter
corresponding to a prove can be obtained by changing
connection methods of the high voltage switches for trans-
mission according to probe types, and a beam shape can be
improved.

[0016] Further, the ultrasonic diagnostic equipment com-
prises a means for inputting a displayed depth, and a means
for changing a size of the aperture according to the input
displayed depth. Since the ultrasonic diagnostic equipment
is constructed as above, an optimal aperture diameter cor-
responding to a prove can be obtained by changing connec-
tion methods of the high voltage switches for transmission
according to displayed depths, and a beam shape can be
improved.

[0017] Further, the ultrasonic diagnostic equipment com-
prises a means for inputting a display mode, and a means for
changing a size of the aperture according to the input display
mode. Since the ultrasonic diagnostic equipment is con-
structed as above, an optimal aperture diameter correspond-
ing to a prove can be obtained by changing connection
methods of the high voltage switches for transmission
according to display modes, and a beam shape can be
improved.

[0018] Further, the ultrasonic diagnostic equipment com-
prises a means for inputting a transmission focus depth, and
a means for changing a size of the aperture according to the
input transmission focus depth. Since the ultrasonic diag-
nostic equipment is constructed as above, an optimal aper-
ture diameter corresponding to a prove can be obtained by
changing connection methods of the high voltage switches
for transmission according to transmission focus depths, and
a beam shape can be improved.

[0019] Further, the ultrasonic diagnostic equipment com-
prises a means for inputting a center frequency of transmis-
sion pulse, and a means for changing a size of the aperture
according to the input center frequency. Since the ultrasonic
diagnostic equipment is constructed as above, an optimal
aperture diameter corresponding to a prove can be obtained
by changing connection methods of the high voltage
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switches for transmission according to center frequencies of
transmission pulse, and a beam shape can be improved.

[0020] Further, the ultrasonic diagnostic equipment com-
prises a means for selecting whether a higher resolution is
prioritized or whether a wider dynamic range is prioritized,
and a means for selecting transducer elements to be used
according to characteristics to be prioritized. Since the
ultrasonic diagnostic equipment is constructed as above, one
of resolution improvement and side lobes reduction can be
selected by selecting whether transducer elements not used
are gathered in the vicinity of center or gathered at end parts
when an aperture diameter is widened larger than a mini-
mum aperture determined by the number of the transmission
drive circuits. Therefore, an image capable of being easily
diagnosed can be displayed.

[0021] Further, in the ultrasonic diagnostic equipment, a
memory for storing data for one sound ray, and an adder for
adding an output of the memory and an output of the beam
forming device are provided on the output side of the beam
forming device. Since the ultrasonic diagnostic equipment is
constructed as above, an optimal beam shape can be realized
by performing aperture synthesis by driving transducer
elements separated in two groups.

[0022] Further, in the ultrasonic diagnostic equipment,
high voltage swilches for connecting two adjacent trans-
ducer elements are provided. Since the ultrasonic diagnostic
equipment is constructed as above, transducer elements
whose number is at maximum twice of the number of
transmission drive circuits can be concurrently driven. In
particular, when focus is set at a deep part, a beam shape can
be improved, and a high image quality can be obtained.

[0023] Further, in the ultrasonic diagnostic equipment,
diodes are inserted between the high voltage switches and
the transducer elements. Since the ultrasonic diagnostic
equipment is constructed as above, reception channels can
be separated, and an optimum beam shape can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a first embodiment of the
invention;

[0025] FIG. 2 is an explanation drawing showing a con-
nection of high voltage switches of an ultrasonic diagnostic
equipment in a second embodiment of the invention;

[0026] FIG. 3 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a third embodiment of
the invention;

[0027] FIG. 4 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a fourth embodiment of
the invention;

[0028] FIG. 5 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a fifth embodiment of the
invention;

[0029] FIG. 6 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a sixth embodiment of
the invention;

[0030] FIG. 7 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a seventh embodiment of
the invention;
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[0031] FIG. 8 is an explanation drawing showing a con-
nection of high voltage switches of an ultrasonic diagnostic
equipment in an eighth embodiment of the invention;

[0032] FIG. 9 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a ninth embodiment of
the invention;

[0033] FIG. 10 is an explanation drawing showing a
connection of high voltage switches of the ultrasonic diag-
nostic equipment in the ninth embodiment of the invention;

[0034] FIG. 11 is a block diagram of a front end part of an
ultrasonic diagnostic equipment in a tenth embodiment of
the invention;

[0035] FIG. 12 is a block diagram of a front end part of
an ultrasonic diagnostic equipment in an eleventh embodi-
ment of the invention; and

[0036] FIG. 13 is a block diagram of a front end part of
a conventional ultrasonic diagnostic equipment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0037] Detailed descriptions will be hereinafter given of
ultrasonic diagnostic equipments of embodiments of the
invention with reference to FIGS. 1 to 12.

FIRST EMBODIMENT

[0038] A first embodiment of the invention is an ultrasonic
diagnostic equipment, wherein switches for selecting trans-
ducer elements to transmit ultrasonic waves are separated
from switches for selecting transducer elements to receive
the ultrasonic waves.

[0039] FIG. 1 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the first embodiment of the invention. In FIG. 1, a probe 1
is an ultrasonic probe comprising an array of transducer
elements 2-1 to 2-32. The transducer elements 2-1 to 2-32
are actuators/sensors for transmitting and receiving ultra-
sonic waves. High voltage switches (HV-SW) 3-1 to 3-32
are switches for selecting transducer elements correspond-
ing to an aperture to be used and applying high voltage
transmission pulse. Pulsers 4-1 to 4-16 are transmission
drive circuits for generating the high voltage transmission
pulse. A trigger generator 5 is a means for generating a
transmission trigger signal, a timing signal to output ultra-
sonic pulse. Limiters 6-1 to 6-32 are means for clipping
(limit a voltage value) the high voltage transmission pulse to
enter a cross point switch 7 in order to protect circuits such
as the subsequent stage cross point switch 7 from the high
voltage transmission pulse generated in the pulsers 4-1 to
4-8. The cross point switch 7 is a means for sorting and
adding output signals of the limiters 6-1 to 6-32 to obtain
synthetic receiver signals. A/D converters 8-1 to 8-8 are
means for converting the analog synthetic receiver signals to
digital signals. A beam forming device 9 is a means for
delay-adding the digital converted synthetic receiver signals
and adjusting directivity. A controller 10 is a means for
performing timing control of a transmission circuit and a
reception circuit of ultrasonic waves. Low voltage switches
(LV-SW) 11-1 to 11-16 are switches for selecting receiver
signals to be used from among the output signals of the
limiters 6-1 to 6-32.
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[0040] Operation of the ultrasonic diagnostic equipment in
the first embodiment of the invention constructed as above
will be hereinafter described. It is different from conven-
tional equipments that the high voltage switches 3-1 to 3-32
for selecting transducer elements to transmit ultrasonic pulse
are separated from the low voltage switches 11-1 to 11-16
for selecting transducer elements which has received ultra-
sonic echo. In the circuit for transmitting ultrasonic pulse,
inputs into given four of the high voltage switches 3-1 to
3-32 are conducted by a given one of the pulsers 4-1 to 4-8,
and a distribution circuit of 1:4 is constructed. Therefore,
when the ultrasonic pulse is transmitted, 32 pieces of the
transducer elements 2-1 to 2-32 can be driven by the eight
pulsers, and therefore, linear scanning is enabled. In the
circuit for receiving ultrasonic echo, every two outputs of
the low voltage switches 11-1 to 11-16 are integrated into
one respectively, and a multiplexer of 2:1 is constructed.

[0041] Tt is impossible to adopt dynamic focus as in the
case of reception, as a method for adjusting focus in trans-
mitting ultrasonic pulse. Therefore, there are few cases that
beam control to focus ultrasonic waves on a point at a target
depth by using many channels of transducer elements.
Therefore, the transmission circuit of ultrasonic pulse can
have few channels than of the reception circuit.

[0042] The trigger generator 5 generates a transmission
trigger signal, a timing signal to output ultrasonic pulse.
According to the transmission trigger signal, the pulsers 4-1
to 4-8 generate transmission pulse. By selectively turning
ON eight of the high voltage switches 3-1 to 3-32, high
voltage transmission pulse is applied to only transducer
elements to be driven among the transducer elements 2-1 to
2-32 arrayed in the probe 1. By this selective operation, a
position and a width of an aperture of the probe 1 are
determined. The selected eight transducer elements of the
probe 1 transmit ultrasonic waves to an examination object.
In order to protect circuits such as the subsequent stage cross
point switch from the high voltage transmission pulse
applied to the transducer elements, the limiters 6-1 to 6-32
clips the high voltage transmission pulse to enter the cross
point switch 7.

[0043] Reflected ultrasonic waves from the examination
object are received at the transducer elements 2-1 to 2-32.
The receiver signals pass 16 pieces selected from among the
low voltage switches 11-1 to 11-32, and enter the cross point
switch 7. At the cross point switch 7, the receiver signals are
sorted and added, and then changed into eight synthetic
receiver signals. At the A/D converters 8-1 to 8-8, the
synthetic receiver signals are converted to digital signals. At
the beam forming device 9, the digital converted receiver
signals are delay-added, and directivity is adjusted. The
resultant output signal is converted to an image signal in an
unshown circuit, and displayed. The controller 10 performs
timing control of the transmission circuit and the reception
circuit of the ultrasonic waves.

[0044] As mentioned above, in the first embodiment of the
invention, the ultrasonic diagnostic equipment has a con-
struction, wherein the switches 3-1 to 3-32 for selecting
transducer elements to transmit ultrasonic waves are sepa-
rated from the switches 11-1 to 11-32 for selecting the
vibratos 2-1 to 2-32 to receive the ultrasonic waves. There-
fore, the number of the transmission drive circuits (pursers)
can -be reduced, and manufacturing cost can be reduced
while performance is maintained.

Jun. 16, 2005

SECOND EMBODIMENT

[0045] An ultrasonic diagnostic equipment of a second
embodiment of the invention will be hereinafter described
by using FIGS. 1 and 2. The ultrasonic diagnostic equip-
ment of the second embodiment of the invention is an
ultrasonic diagnostic equipment, wherein a connection pat-
tern of high voltage switches for selecting transducer ele-
ments to transmit ultrasonic waves is changed at the con-
troller 10 into a connection pattern wherein an aperture
wider than a minimum aperture determined by the number
of transmission drive circuits can be obtained, and the high
voltage switches are turned ON/OFF at the controller 10.

[0046] FIG. 2 is an explanation drawing of a connection
method of the high voltage switches of a transmission circuit
of the ultrasonic diagnostic equipment in the second
embodiment of the invention. The transducer elements 2-1
to 2-32 are actuators/sensors for transmitting or receiving
ultrasonic waves. The high voltage switches (HV-SW) 3-1 to
3-32 are switches for selecting transducer elements corre-
sponding to an aperture to be used and applying high voltage
transmission pulse. A general construction of the ultrasonic
diagnostic equipment in the second embodiment is similar to
of the ultrasonic diagnostic equipment in the first embodi-
ment shown in FIG. 1.

[0047] Operation of the ultrasonic diagnostic equipment in
the second embodiment of the invention constructed above
will be hereinafter described. By changing ON/OFF patterns
of the high voltage switches, an aperture wider than a
minimum aperture determined by the number of the trans-
mission drive circuits (8) (8 in units of array pitch of the
transducer elements) is realized. Pattern P1 is a regular
switch connection pattern. @ mark indicates a position of a
switch to be turned ON. An aperture is a minimum aperture
(8), which is determined by the number of the transmission
drive circuits (8). In PA1 of Pattern P1, a center of the
aperture becomes Aperture position #1. In PA2 of Pattern
P1, a center of the aperture becomes Aperture position #2. In
PA3 of Pattern P1, a center of the aperture becomes Aperture
position #3. In PA4 of Pattern P1, a center of the aperture
becomes Aperture position #4.

[0048] In Pattern P2, a width of an aperture becomes 12.
In PB1 of Pattern 2, a center of the aperture becomes
Aperture position #1. In PB2 of Pattern 2, a center of the
aperture becomes Aperture position #2. In PB3 of Pattern 2,
a center of the aperture becomes Aperture position #3. In
PB4 of Pattern 2, a center of the aperture becomes Aperture
position #4. In Pattern P3, a width of an aperture becomes
16. In PC1 of Pattern 3, a center of the aperture becomes
Aperture position #1. In PC2 of Pattern 3, a center of the
aperture becomes Aperture position #2. In PC3 of Pattern 3,
a center of the aperture becomes Aperture position #3. In
PC4 of Pattern 3, a center of the aperture becomes Aperture
position #4.

[0049] As above, by changing positions of ON connection
of the high voltage switches for selecting transducer ele-
ments to transmit ultrasonic waves, an aperture wider than
the minimum aperture (8) determined by the number of the
transmission drive circuits (8) can be realized. When a wider
aperture is required since, for example, a channel pitch of the
transducer elements of the probe 1 is narrow, the aperture
can be easily widened.

[0050] As mentioned above, in the second embodiment of
the invention, the ultrasonic diagnostic equipment has a
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construction, wherein the connection pattern of the high
voltage switches is changed, and the high voltage switches
are turned ON/OFF by the connection pattern wherein an
aperture becomes wider than the minimum aperture deter-
mined by the number of the transmission drive circuits.
Therefore,.the number of the transmission drive circuits
(pulsers) can be reduced, and an inexpensive ultrasonic
diagnostic equipment can be realized while performance is
maintained.

THIRD EMBODIMENT

[0051] A third embodiment of the invention is an ultra-
sonic diagnostic equipment, wherein an ID generator is
provided in a probe, and an ID encoder is provided in an
equipment body.

[0052] FIG. 3 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the third embodiment of the invention. In FIG. 3, an ID
generator 12 is a means for generating an identification code
representing a probe type. An ID encoder 13 is a means for
converting the identification code to a control signal. A
general construction of the ultrasonic diagnostic equipment
in the third embodiment is similar to of the ultrasonic
diagnostic equipment in the first embodiment shown in FIG.
1, except that the ID generator 12 is provided in the probe
1 and the ID encoder 13 is provided in the equipment body.

[0053] Operation of the ultrasonic diagnostic equipment in
the third embodiment of the invention constructed as above
will be hereinafter described. When the probe 1 is connected
to the equipment body, the ID generator 12 generates an
identification code representing a probe type, and transmits
the generated identification code to the 1D encoder 13
provided in the equipment body. The ID encoder 13 converts
the identification code to a control signal, and outputs the
control signal to the controller 10. As above, the probe type
is read by the controller 10 by using the ID generator 12 and
the ID encoder 13. The controller 10 controls an aperture
diameter of ultrasonic beam by changing patterns of ON
connection of the high voltage switches 3-1 to 3-32 accord-
ing to probe types.

[0054] As described above, in the third embodiment of the
invention, the ultrasonic diagnostic equipment has a con-
struction, wherein the ID generator is provided in the probe
and the ID encoder is provided in the equipment body.
Therefore, an optimum aperture diameter can be realized for
each probe, a transmission circuit amount can be reduced,
and an inexpensive ultrasonic diagnostic equipment can be
realized while performance is maintained.

FOURTH EMBODIMENT

[0055] A fourth embodiment of the invention is an ultra-
sonic diagnostic equipment, wherein a displayed depth input
equipment is added.

[0056] FIG. 4 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the forth embodiment of the invention. In FIG. 4, a dis-
played depth input equipment 14 is a means for inputting
data which indicates a target displayed depth. A general
construction of the ultrasonic diagnostic equipment in the
forth embodiment is similar to of the ultrasonic diagnostic
equipment in the first embodiment shown in FIG. 1, except
that the displayed depth input equipment 14 is added.

Jun. 16, 2005

[0057] Operation of the ultrasonic diagnostic equipment in
the forth embodiment of the invention constructed as above
will be hereinafter described. The displayed depth input
equipment 14 provides the controller 10 with displayed
depth information. The controller 10 controls an aperture
diameter of ultrasonic beam by changing patterns of ON
connection of the high voltage switches 3-1 to 3-32 accord-
ing to displayed depths. When a deep part is displayed, the
pattern of ON connection of the high voltage switches 3-1 to
3-32 is changed so that the aperture diameter of ultrasonic
beam can be widened. When a shallow part is displayed, the
pattern of ON connection of the high voltage switches 3-1 to
3-32 is changed so that the aperture diameter of ultrasonic
beam can be narrowed.

[0058] As mentioned above, in the fourth embodiment of
the invention, the ultrasonic diagnostic equipment has a
construction, wherein the displayed depth input equipment
is added. Therefore, an optimum aperture diameter can be
realized for each displayed depth, a transmission circuit
amount can be reduced, and an inexpensive ultrasonic
diagnostic equipment can be realized while performance is
maintained.

FIFTH EMBODIMENT

[0059] Afifth embodiment of the invention is an ultrasonic
diagnostic equipment, wherein a display mode input equip-
ment is added.

[0060] FIG. 5 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the fifth embodiment of the invention. In FIG. 5, a display
mode input equipment 15 is a means for inputting data
which indicates a target display mode. A general construc-
tion of the ultrasonic diagnostic equipment in the fifth
embodiment is similar to of the ultrasonic diagnostic equip-
ment in the first embodiment shown in FIG. 1, except that
the display mode input equipment 15 is added.

[0061] Operation of the ultrasonic diagnostic equipment in
the fifth embodiment of the invention constructed as above
will be hereinafter described. In the ultrasonic diagnostic
equipment, there are various signal processing/display
modes such as B mode, color Doppler mode, and pulse
Doppler mode. Optimal aperture diameters vary according
to the respective modes. The display mode input equipment
15 provides the controller 10 with display mode informa-
tion. The controller 10 controls aperture diameters of ultra-
sonic beam by changing patterns of ON connection of the
high voltage switches 3-1 to 3-32 according to display
modes.

[0062] The B mode is a mode, wherein a pulse transmis-
sion position or a pulse transmission direction is moved
linearly, and a tomogram of a target in which an envelope
curve wave form of an echo receiver signal is intensity-
modulated is displayed. When the B mode is used for
display, a pattern of ON connection of the high voltage
switches 3-1 to 3-32 is changed so that an aperture diameter
of ultrasonic beam can be widened.

[0063] The color Doppler mode is a mode, wherein a flow
rate (average Doppler deflection frequency) in each channel
measured on ultrasonic beam is quantized into about eight
levels, a flow coming close to the prove is converted to red
color luminance information, a flow getting away from the



US 2005/0131297 Al

probe is converted to blue color luminance information, and
the converted information is shown on a display, while a
measurement beam direction is sequentially scanned in color
Doppler method which visualizes a flow rate distribution in
a two-dimensional fault plane. When the color Doppler
mode is used for display, a pattern of ON connection of the
high voltage switches 3-1 to 3-32 is changed so that an
aperture diameter of ultrasonic beam can be narrowed.

[0064] The pulse Doppler mode is a mode for identifying
and displaying a reflection part by pulsing transmitted
ultrasonic wave by Doppler method. When the pulse Dop-
pler mode is used for display, a pattern of ON connection of
the high voltage switches 3-1 to 3-32 is changed so that an
aperture diameter of ultrasonic beam can be narrowed.

[0065] As mentioned above, in the fifth embodiment of the
invention, the ultrasonic diagnostic equipment has a con-
struction, wherein the display mode input equipment is
added. Therefore, an optimal aperture diameter can be
realized for each display mode, a transmission circuit
amount can be reduced, and an inexpensive ultrasonic
diagnostic equipment can be realized while performance is
maintained.

SIXTH EMBODIMENT

[0066] A sixth embodiment of the invention is an ultra-
sonic diagnostic equipment, wherein a transmission focus
depth input equipment is added.

[0067] FIG. 6 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the sixth embodiment of the invention. In FIG. 6, a trans-
mission focus depth input equipment 16 is a means for
inputting data which indicates a target transmission focus
depth. A general construction of the ultrasonic diagnostic
equipment in the sixth embodiment is similar to of the
ultrasonic diagnostic equipment in the first embodiment
shown in FIG. 1, except that the transmission focus depth
input equipment 16 is added.

[0068] Operation of the ultrasonic diagnostic equipment in
the sixth embodiment of the invention constructed above
will be hereinafter described. In the ultrasonic diagnostic
equipment, a transmission focus position can be changed
even though in the case of the same displayed depth.
Optimum aperture diameters vary according to focus depths.
The transmission focus depth input equipment 16 inputs data
which indicates a target transmission focus depth to the
controller 10. The controller 10 controls aperture diameters
of ultrasonic beam by changing patterns of ON connection
of the high voltage switches 3-1 to 3-32 according to
transmission focus depths.

[0069] When a deep transmission focus depth is to be
obtained, a pattern of ON connection of the high voltage
switches 3-1 to 3-32 is changed so that an aperture diameter
of ultrasonic beam can be widened. When a shallow trans-
mission focus depth is to be obtained, a pattern of ON
connection of the high voltage switches 3-1 to 3-32 is
changed so that an aperture diameter of ultrasonic beam can
be narrowed.

[0070] As mentioned above, in the sixth embodiment of
the invention, the ultrasonic diagnostic equipment has a
construction, wherein the focus depth input equipment is
added. Therefore, an optimal aperture diameter can be
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realized for each transmission focus depth, a transmission
circuit amount can be reduced, and an inexpensive ultra-
sonic diagnostic equipment can be realized while perfor-
mance is maintained.

SEVENTH EMBODIMENT

[0071] A seventh embodiment of the invention is an
ultrasonic diagnostic equipment, wherein a center frequency
input equipment is added.

[0072] FIG. 7 is a block diagram of a transmission/
reception circuit in the seventh embodiment of the inven-
tion. In FIG. 7, a center frequency input equipment 17 is a
means for inputting data which indicates a center frequency
of transmission pulse. A general construction of the ultra-
sonic diagnostic equipment in the seventh embodiment is
similar to of the ultrasonic diagnostic equipment in the first
embodiment shown in FIG. 1, except that the center fre-
quency input equipment 17 is added.

[0073] Operation of the ultrasonic diagnostic equipment in
the seventh embodiment of the invention constructed above
will be hereinafter described. In the ultrasonic diagnostic
equipment, center frequency settings of transmission pulse
are changed according to examined parts even the same
probe is used. Optimum aperture diameters vary according
to center frequencies. The center frequency input equipment
17 inputs data which indicates a center frequency of trans-
mission pulse to the controller 10. The controller 10 controls
aperture diameters of ultrasonic beam by changing patterns
of ON connection of the high voltage switches 3-1 to 3-32
according to center frequencies of transmission pulse.

[0074] When a low center frequency of transmission pulse
is to be obtained, a pattern of ON connection of the high
voltage switches 3-1 to 3-32 is changed so that an aperture
diameter of ultrasonic beam can be widened. When a high
center frequency of transmission pulse is to be obtained, a
pattern of ON connection of the high voltage switches 3-1 to
3-32 is changed so that an aperture diameter of ultrasonic
beam can be narrowed.

[0075] As mentioned above, in the seventh embodiment of
the invention, the ultrasonic -diagnostic equipment has a
construction, wherein the center frequency input equipment
is added. Therefore, an optimal aperture diameter can be
realized for each center frequency, a transmission circuit
amount can be reduced, and an inexpensive ultrasonic
diagnostic equipment can be realized while performance is
maintained.

EIGHTH EMBODIMENT

[0076] An eighth embodiment of the invention is an
ultrasonic diagnostic equipment, wherein whether a higher
resolution is prioritized or whether a wider dynamic range is
prioritized is sclected, and transducer elements to be used
are selected according to characteristics to be prioritized.

[0077] FIG. 8 is an explanation drawing of a connection
method of high voltage switches of a transmission circuit of
the ultrasonic diagnostic equipment in the eighth embodi-
ment of the invention. In FIG. 8, the transducer elements 2-1
to 2-32 are actuators/sensors for transmitting or receiving
ultrasonic wave. The high voltage switches (HV-SW) 3-1 to
3-32 are switches for selecting transducer elements corre-
sponding to an aperture to be used and applying high voltage
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transmission pulse. A general construction of the ultrasonic
diagnostic equipment in the eighth embodiment is similar to
of the ultrasonic diagnostic equipment of the first embodi-
ment shown in FIG. 1.

[0078] Operation of the ultrasonic diagnostic equipment in
the eighth embodiment of the invention constructed above
will be hereinafter described. By changing patterns of ON
connection of the high voltage switches 3-1 to 3-32, a beam
shape is changed even though in the case of the same
aperture diameter. In Pattern P2, transducer elements to be
used are placed relatively at the center of the aperture. In
Pattern P4, transducer elements to be used are distributed
relatively at ends of the aperture. In Pattern P2, a beam shape
with few side lobes can be obtained. In Pattern P4, a beam
shape with a thin main lobe can be obtained. One of these
patterns is selected by changing an unshown switch by an
operator.

[0079] In Pattern P2, a width of the aperture is 12 pieces
when expressing the width by the number of transducer
elements to be used, the beam shape with few side lobes can
be obtained, and its dynamic range is widened. In PB1 of
Pattern P2, a center of the aperture becomes Aperture
position #1. In PB2 of Pattern P2, a center of the aperture
becomes Aperture position #2. In PB3 of Pattern P2, a center
of the aperture becomes Aperture position #3. In PB4 of
Pattern P2, a center of the aperture becomes Aperture
position #4.

[0080] In Pattern P4, a width of an aperture becomes 12 as
well. However, the beam shape with a thin main lobe is
obtained, and a resolution becomes improved. In PD1 of
Pattern 4, a center of the aperture becomes Aperture position
#1. In PD2 of Pattern 4, a center of the aperture becomes
Aperture position #2. In PD3 of Pattern 4, a center of the
aperture becomes Aperture position #3. In PD4 of Pattern 4,
a center of the aperture becomes Aperture position #4.

[0081] As mentioned above, in the eighth embodiment of
the invention, the ultrasonic diagnostic equipment has a
construction, wherein whether a higher resolution is priori-
tized or whether a wider dynamic range is prioritized is
selected, and transducer elements to be used are selected
according to characteristics to be prioritized. Therefore, the
number of the transmission drive circuits (pulsers) can be
reduced, and an inexpensive ultrasonic diagnostic equip-
ment can be realized while performance is maintained.

NINTH EMBODIMENT

[0082] A ninth embodiment of the invention is an ultra-
sonic diagnostic equipment, wherein a memory 18 and an
adder 19 are added on the output side of a beam forming
device.

[0083] FIG. 9 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the ninth embodiment of the invention. In FIG. 9, the
memory 18 is a memory for storing the first receiver signal.
The adder 19 is a means for adding the first and the second
receiver signals. A general construction of the ultrasonic
diagnostic equipment in the ninth embodiment is similar to
of the ultrasonic diagnostic equipment in the first embodi-
ment shown in FIG. 1, except that the memory 18 and the
adder 19 are added on the output side of the beam forming
device. FIG. 10 is an operational explanation drawing of the
ultrasonic diagnostic equipment in the ninth embodiment.
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[0084] Operation of the ultrasonic diagnostic equipment in
the ninth embodiment of the invention constructed above
will be hereinafter described. An aperture using 16 trans-
ducer elements among 32 transducer elements of the probe
1 is set as Apertures K1 to K4 in FIG. 10. The aperture is
divided into two portions, and transmission and reception of
ultrasonic wave is performed two times respectively. In the
first time, as shown as 1A of Aperture K1 in FIG. 10,
ultrasonic wave is transmitted by using eight vibratos at the
central part of the aperture. In the second time, as shown as
1B of Aperture K1 in FIG. 10, transmission is performed by
using eight transducer elements at the both ends of the
aperture. Receiver signal of the first time is stored in the
memory 18. The receiver signal of the first time is outputted
from the memory 18, correspondingly to a timing when a
receiver signal of the second time is output from the beam
forming device. These two signals are added at the adder 19.
A center of Aperture K1 having an aperture width 16 pes (in
expressing by the number of the transducer elements to be
used) becomes Aperture position K1. Regarding Aperture
K2, a width is 16 and a center becomes Aperture position K2
Regarding Aperture K3, a width is 16 and a center becomes
Aperture position K3. Regarding Aperture K4, a width of the
aperture is 16 pes (in expressing by the number of transducer
elements to be used) and a center becomes Aperture position
K4. By performing aperture synthesis as above, performing
transmission and reception one time can provide effects
similar to in performing transmission and reception with an
aperture by twice of the number of channels of the trans-
mission drive circuits.

[0085] As mentioned above, in the ninth embodiment of
the invention, the ultrasonic diagnostic equipment has a
construction, wherein the memory and the adder are added
on the output side of the beam forming device. Therefore, a
transmission circuit amount can be reduced, and an inex-
pensive ultrasonic diagnostic equipment can be realized
while performance is maintained.

TENTH EMBODIMENT

[0086] A tenth embodiment of the invention is an ultra-
sonic diagnostic equipment, wherein high voltage switches
for connecting adjacent transducer elements are added.

[0087] FIG. 11 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the tenth embodiment of the invention. In FIG. 11, high
voltage switches 20-1 to 20-16 are switches for connecting
adjacent transducer elements. A general construction of the
ultrasonic diagnostic equipment in the tenth embodiment is
similar to of the ultrasonic diagnostic equipment in the first
embodiment shown in FIG. 1, except that the high voltage
switches 20-1 to 20-16 for connecting adjacent transducer
elements are added.

[0088] Operation of the ultrasonic diagnostic equipment in
the tenth embodiment of the invention constructed above
will be hereinafter described. When an aperture diameter of
ultrasonic beam is widened by the method described in the
second embodiment, transducer elements not driven exist
between transducer elements driven. Therefore, a sound
pressure is lowered where the transducer elements not
driven exist. In this embodiment, in order to prevent the
transducer elements not driven from existing when an aper-
ture is widened, adjacent transducer elements are connected
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by the high voltage switches. A transducer element which
has not been driven in the second embodiment is driven at
the same timing as of the adjacent transducer element to be
driven. In result, lowering a sound pressure is prevented.

[0089] Descriptions will be hereinafter given with the
example of PA1 of Aperture K2 shown in FIG. 2. The
transducer element 2-8 has not been driven yet. Therefore,
the high voltage switch 20-4 is turned ON, and the trans-
ducer element 2-8 is also driven by high voltage transmis-
sion pulse for driving the transducer element 2-7. The
transducer elements 2-10, 2-15, and 2-17 have not been
driven yet as well. Therefore, the high voltage switches
20-5, 20-8, and 20-9 are turned ON, and the transducer
elements 2-10, 2-15, and 2-17 are also driven by high
voltage transmission pulse for driving the transducer ele-
ments 2-9, 2-16, and 2-18.

[0090] As mentioned above, in the tenth embodiment of
the invention, the ultrasonic diagnostic device has a con-
struction, wherein the high voltage switches for connecting
adjacent transducer elements are added. Therefore, lowering
of a sound pressure can be prevented when an aperture is
widened, a transmission circuit amount can be reduced, and
an inexpensive ultrasonic diagnostic equipment can be real-
ized while performance is maintained.

ELEVENTH EMBODIMENT

[0091] An eleventh embodiment of the invention is an
ultrasonic diagnostic equipment, wherein diodes are inserted
between transducer elements and high voltage switches.

[0092] FIG. 12 is a block diagram of a transmission/
reception circuit of the ultrasonic diagnostic equipment in
the eleventh embodiment of the invention. In FIG. 12,
diodes 21-1 to 21-32 are. diodes for separating receiver
signals for the transducer elements 2-1 to 2-32 from each
other. A general construction of the ultrasonic diagnostic
equipment in the eleventh embodiment is similar to of the
ultrasonic diagnostic equipment in the tenth embodiment
shown in FIG. 11, except that the diodes 21-1 to 21-32 are
connected in series between the transducer elements and the
high voltage switches.

[0093] Operation of the ultrasonic diagnostic equipment in
the eleventh embodiment of the invention constructed above
will be hereinafter described. In the tenth embodiment, when
the adjacent transducer elements are connected, there
receiver signals become the same. In order to prevent this,
high voltage transmission pulse is applied to the transducer
elements through the diodes 21-1 to 21-32. In the case of
receiver signals having a relatively small amplitude, the
diodes 21-1 to 21-32 are tuned OFF, and individuality of
reception channels is maintained. Therefore, deterioration of
reception beam can be prevented.

[0094] As mentioned above, in the eleventh embodiment
of the invention, the ultrasonic diagnostic device has a
construction, wherein the diodes are inserted between the
transducer elements and the high voltage switches. There-
fore, deterioration of reception beam can be prevented, a
transmission circuit amount can be reduced, and an inex-
pensive ultrasonic diagnostic equipment can be realized
while performance is maintained.
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[0095] Industrial Applicability

[0096] As evidenced by the foregoing descriptions, in the
invention, high voltage switches for selectively connecting
ultrasonic transducer elements and transmission drive cir-
cuits of an ultrasonic diagnostic equipment, and low voltage
switches for selecting ultrasonic transducer elements which
receive ultrasonic echo are provided individually. Therefore,
by respectively changing connection patterns of the high
voltage switches for transmission and connection patterns of
the low voltage switches for reception, the following effects
can be obtained. That is, even when the number of the
transmission drive circuits is reduced, linear scanning can be
performed without lowering precision, and an ultrasonic
diagnostic equipment having a small circuit scale can be
realized at low cost.

1. An ultrasonic diagnostic equipment comprising;

a probe having a plurality of arrayed ultrasonic transducer
clements,

a plurality of transmission drive circuits for driving the
ultrasonic transducer elements,

a plurality of high voltage switches for connecting the
ultrasonic transducer elements and the transmission
drive circuits,

a plurality of limiters for clipping transmission pulse
having a given voltage or more, which is generated at
the transmission drive circuits,

a cross point switch, which has input terminals whose
number is larger than of the transmission drive circuits,
and performs sorting and adding signals received at the
ultrasonic transducer e¢lements,

low voltage switches for connecting output signals of the
limiters to the input terminals of the cross point switch,

A/D converters for converting output signals of the cross
point switch to digital signals, and

a beam forming device for delay-adding the output signals
of the A/D converters, wherein:

an ultrasonic pulse transmission circuit has fewer chan-
nels than a reception circuit.
2. The ultrasonic diagnostic equipment according to claim
1, further comprising;

a means for changing connection patterns of the high
voltage switches, and

a means for turning ON/OFF the high voltage switches by
a connection pattern with which an aperture wider than
a minimum aperture determined by the number of the
transmission drive circuits is obtained.
3. The ultrasonic diagnostic equipment according to claim
2, further comprising;

a means for identifying a type of a probe connected, and

a means for changing a size of the aperture according to
the type of the probe.
4. The ultrasonic diagnostic equipment according to claim
2, further comprising;

a means for inputting a displayed depth, and

a means for changing a size of the aperture according to
the input displayed depth.
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5. The ultrasonic diagnostic equipment according to claim
2, further comprising;

a means for inputting a display mode, and

a means for changing a size of the aperture according to
the input display mode.
6. The ultrasonic diagnostic equipment according to claim
2, further comprising;

a means for inputting a transmission focus depth, and

a means for changing a size of the aperture according to
the input transmission focus depth.
7. The ultrasonic diagnostic equipment according to claim
2, further comprising;

a means for inputting a center frequency of transmission
pulse, and

a means for changing a size of the aperture according to
the input center frequency.
8. The ultrasonic diagnostic equipment according to claim
2, further comprising;
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a means for selecting whether a higher resolution is
prioritized or whether a wider dynamic range is priori-
tized, and

a means for selecting transducer elements to be used

according to characteristics to be prioritized.

9. The ultrasonic diagnostic equipment according to claim
1, wherein a memory for storing data for one sound ray, and
an adder for adding an output of the memory and an output
of the beam forming device are provided on the output side
of the beam forming device.

10. The ultrasonic diagnostic equipment according to
claim 2, further comprising high voltage switches for con-
necting two adjacent transducer elements.

11. The ultrasonic diagnostic equipment according to
claim 10, further comprising diodes inserted between the
high voltage switches and the transducer elements.
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