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INTEGRATED CIRCUIT APPARATTUS,
ULTRASOUND MEASURING APPARATUS,
ULTRASOUND PROBE AND ULTRASOUND

DIAGNOSIS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2012-210462 filed on Sep. 25, 2012. The
entire disclosure of Japanese Patent Application No. 2012-
210462 is hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to an integrated circuit

apparatus, an ultrasound measuring apparatus, an ultrasound
probe, an ultrasound diagnostic apparatus, and the like.
[0004] 2. Related Art

[0005] As an apparatus which emits ultrasound toward an
object and receives reflected waves from interfaces with dif-
ferentacoustic impedances in the inside of the object, there is,
for example, known an ultrasound measuring apparatus for
scanning the inside of a human body which is the target
sample. Such ultrasound apparatuses are provided with a
transmitting circuit (a pulser) which outputs transmission
signals with regard to each of the channels of an ultrasound
transducer device which emits ultrasound beams and a receiv-
ing circuit which receives reception signals (ultrasound echo
signals) from each of the channels.

[0006] On the other hand, as the scanning mode of the
ultrasound measuring apparatus, there are a linear scanning
mode, a sector scanning mode, and the like. In the linear
scanning mode, an operation is performed where a channel
which is the target of the linear scanning is selected from
among a plurality of channels of the ultrasound transducer
device. Then, for example, in Japanese Unexamined Patent
Application Publication No. 2007-244415, a multiplexer is
provided between an output node of the transmitting circuit
and the ultrasound transducer device.

SUMMARY

[0007] However, in the prior art of Japanese Unexamined
Patent Application Publication No. 2007-244415, it is undet-
stood that the voltage of the transmission signal which is
applied to an ultrasound transducer element decreases due to
causes such as on resistance of switching elements which
configure the multiplexer and there is a concern that it may not
be possible to obtain the desired ultrasound sound pressure.

[0008] According to some aspects of the present invention,
it is possible to provide an integrated circuit apparatus, an
ultrasound measuring apparatus, an ultrasound probe, an
ultrasound diagnostic apparatus and the like where efficient
transferring and the like of ultrasound transmission signals to
a ultrasound transducer device is possible.

[0009] One aspect of the present invention relates to an
integrated circuit apparatus including a first transmitting cir-
cuit to a K% (where K is an integer of 2 or more) transmitting
circuit, which output a transmission signal with regard to a
first channel to a K channel of an ultrasound transducer
device which has a plurality of ultrasound transducer ele-
ments, and a switching circuit which performs a switching
operation, where the switching circuit is provided between a
receiving circuit and a first output node to a K™ output node of
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the first transmitting circuit to the K™ transmitting circuit, an
operation is performed where the signal transfer of the trans-
mission signal from the first transmitting circuit to the K*
transmitting circuit to the receiving circuit is not to be trans-
ferred in a transmitting period, and a switching operation is
performed where the reception signal from a channel which is
selected from among the first channel to the K channel is
output to the receiving circuit in a receiving period.

[0010] According to one aspect of the present invention, the
switching circuit is provided between the receiving circuit
and the first to K* output nodes of the first to K transmitting
circuits. Then, when the first to K transmitting circuits out-
put transmission signals with regard 1o the first to K chan-
nels of the ultrasound transducer device in the transmitting
period, the switching circuit operates such that the transmis-
sion signals are not signal-transferred to the receiving circuit.
Then, the switching circuit performs a switching operation
such that the reception signal from the channel which is
selected from among the first to K channels is supplied to the
receiving circuit in the receiving period.

[0011] In the one aspect of the present invention, the
switching circuit is not provided between the ultrasound
transducer device and the first to K” output nodes of the first
to K? transmitting circuits, but between the receiving circuit
and the first to K* output nodes. Accordingly, it is possible to
input the transmission signals from the first to K transmit-
ting circuits to the first to K channels of the ultrasound
transducer device without going through, for example, a
switching element or the like of the multiplexer. Due to this,
efficient transferring and the like of the ultrasound transmis-
sion signal to the ultrasound transducer device are possible. In
addition, it is also possible to prevent a situation where the
transmission signal is signal-transferred to the receiving cir-
cuit due to operation of the switching circuit. Furthermore,
since it is possible to supply the reception signal from the
channel which is selected from among the first to K” channels
to the receiving circuit in the receiving period, it is possible to
realize an appropriate receiving process for the ultrasound
reception signal.

[0012] In addition, in one aspect of the present invention,
the switching circuit may perform a switching operation
where the plurality of channels which are the target of linear
scanning from among the first channel to the K channel are
sequentially shifted and selected in the receiving period in a
linear scanning mode.

[0013] According to this, it is possible to supply the recep-
tion signals from the plurality of sequentially shifted and
selected channels to the receiving circuit and it is possible to
realize an appropriate receiving process in the linear scanning
mode.

[0014] In addition, in one aspect of the present invention,
the switching circuit may output the reception signal from L
(where L is an integer of 2 or more with I.<K) channels, which
are the target of the linear scanning which are selected from
among the first channel to the K channel, to the first input
node to the L™ input node of the receiving circuit in the
receiving period in the linear scanning mode, and the switch-
ing circuit may output the reception signal from the first
channel to the K channel to the first input node to the K*
input node of the receiving circuit in the receiving period in a
sector scanning mode.

[0015] According to this, it is possible to supply the recep-
tion signals from the L channels which are selected as the
target of the linear scanning to the first to L” input nodes of
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the receiving circuit in the linear scanning mode. On the other
hand, it is possible to supply the reception signals from the
first to K” channels to the first to K* input nodes of the
receiving circuit in the sector scanning mode. Accordingly, it
is possible to realize both the scanning modes of the linear
scanning mode and the sector scanning mode with high effi-
ciency.

[0016] Inaddition, in one aspect of the present invention, a
control circuit which performs switching control of the
switching circuit may be included, and the switching circuit
may include a first switching element to a K switching
element which are provided between the receiving circuit and
the first output node to the K output node of the first trans-
mitting circuit to the Kth transmitting circuit and are on-off
controlled by the control circuit.

[0017] According to this, it is possible to supply the recep-
tion signal from the channel which is selected from among the
first to K” channels to the receiving circuit by performing
on-off control of the first to K switching elements which are
provided between the first to Kth transmitting circuits and the
first to K output nodes.

[0018] In addition, in one aspect of the present invention,
the first output node to the K output node may be grouped
into a first output node group to an M” (where I and M are
integers of 2 or more with L<K and M<K) output node group
where each of the output node groups is configured by L
output nodes, the first switching element to the K* switching
element may be grouped into a first switching element group
to an M switching element group where each of the switch-
ing element groups is configured by L switching elements,
and an i” (1=i<M) switching element group among the first
switching element group to the M™ switching element group
may be provided between an i output node group among the
first output node group to the M™ output node group and the
first input node to the L™ input node of the receiving circuit.
[0019] According to this, it is possible to supply the recep-
tion signal from the channel which is selected from among the
first to K” channels to the receiving circuit by performing
on-off control of the i switching element group which is
provided between the i” output node group with I output
nodes and the first to L” input nodes.

[0020] In addition, in one aspect of the present invention,
the control circuit may perform switching control which turns
off the first switching element to the K switching element in
the transmitting period, and the control circuit may perform
switching control which sequentially shifts and selects L
switching elements which are the target of the linear scanning
from among the first switching element to the K* switching
element and turns on the selected L switching elements in the
receiving period.

[0021] According to this, it is possible for the transmission
signal to not be transferred to the receiving circuit due to
turning off the first to K” switching elements in the transmit-
ting period. On the other hand, it is possible to realize selec-
tion of the reception channels in the linear scanning by
sequentially shifting, selecting, and turning on the L switch-
ing elements in the receiving period.

[0022] In addition, in one aspect of the present invention,
there may be included a first transmission and reception
switching circuit to a K transmission and reception switch-
ing circuit which are provided between the first output node to
the K* output node and the first switching element to the K
switching element and are for setting the signal transfer of the
transmission signal from the first transmitting circuit to the
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K™ transmitting circuit to the receiving circuit to be not trans-
ferred in the transmitting period, and the control circuit may
perform switching control which sequentially shifts and
selects L switching elements which are the target of the linear
scanning from among the first switching element to the K™
switching element and turns on the selected L switching
elements in the receiving period.

[0023] According to this, it is possible for the transmission
signal to not be transferred to the receiving circuit using the
first to K™ transmission and reception switching circuits in
the transmitting period. On the other hand, it is possible to
realize selection of the reception channels in the linear scan-
ning by sequentially shifting, selecting, and turning on the L.
switching elements in the receiving period.

[0024] In addition, in one aspect of the present invention,
there may be included a first amplification circuit to an L*
amplification circuit which perform signal amplification of
the reception signal from the selected L switching elements
and output the reception signal after signal amplification to
the first input node to the L* input node of the receiving
circuit.

[0025] According to this, it is possible to amplify the recep-
tion signals from the selected L switching elements using the
first to L™ amplification circuits and supply the reception
signals to the first to L” input nodes of the receiving circuit.
Dueto this, it is possible to reduce signal deterioration and the
like due to causes such as parasitic capacitance.

[0026] In addition, in one aspect of the present invention,
the switching circuit may include a scanning mode switching
circuit, the first switching element to the K™ switching ele-
ment may be provided between the first output node to the K
output node and a first connection node to a Kth connection
node, the first connection node to the K# connection node
may be grouped into a first connection node group to an M
connection node group where each of the connection node
groups is configured by L connection nodes, and the scanning
mode switching circuit may perform a switching operation
where each of the connection nodes of the first connection
node group are connected with regard to connection nodes
which correspond to each of the connection nodes among the
second connection node group to the M” connection node
group in the linear scanning mode.

[0027] According to this, it is possible to realize selection
ofthe reception channels in the linear scanning by connecting
each of the connection nodes of the first connection node
group and the corresponding connection nodes among the
second to M connection node groups using the scanning
mode switching circuit in the linear scanning mode.

[0028] In addition, in one aspect of the present invention,
the first transmitting circuit to the K transmitting circuit may
output the transmission signals to the first channel to the K
channel without going through the multiplexer.

[0029] According to this, it is possible to suppress signal
loss of the transmission signals due to causes such as the on
resistance of the switching elements of the multiplexer to a
minimum.

[0030] In addition, in one aspect of the present invention,
each of the ultrasound transducer elements of the plurality of
ultrasound transducer elements may have a diaphragm which
closes off each opening of a plurality of openings which are
formed in the substrate and a piezoelectric element section
which is provided with a lower electrode, an upper electrode,
and a piezoelectric film which are provided on the diaphragm.
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[0031] In the ultrasound transducer elements with a thin
film piezoelectric format, the parasitic capacitance between
the first to K™ transmitting circuits and the ultrasound trans-
ducer elements is a problem since the parasitic capacitance is
large, but it is possible to solve this problem using the one
aspect of the present invention.

[0032] In addition, another aspect of the present invention
relates to an ultrasound measuring apparatus which includes
any of the integrated circuit apparatuses described above.
[0033] In addition, in another aspect of the present inven-
tion, the integrated circuit apparatus may be mounted on a
flexible printed circuit which is connected with the ultrasound
transducer device.

[0034] In addition, in another aspect of the present inven-
tion, there may be included a circuit substrate where a receiv-
ing circuit is mounted, and the flexible printed circut may be
connected with the ultrasound transducer device and the cir-
cuit substrate.

[0035] In addition, another aspect of the present invention
relates to an ultrasound probe which includes any of the
ultrasound measuring apparatuses described above.

[0036] In addition, another aspect of the present invention
relates to an ultrasound diagnostic apparatus which includes
any of the ultrasound measuring apparatuses described above
and a display section which displays an image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Referring now to the attached drawings which form
a part of this original disclosure:

[0038] FIG.1isa configuration example of a comparative
example of the present embodiment.

[0039] FIG. 2 is an explanatory diagram of problems in the
comparative example.

[0040] FIG. 3 is a configuration example of an integrated
circuit apparatus and an ultrasound measuring apparatus of
the present embodiment.

[0041] FIG. 4A and FIG. 4B are explanatory diagrams of a
linear scanning mode and a sector scanning mode.

[0042] FIG.5isadetailed first configuration example of the
present embodiment.

[0043] FIG. 6 is a configuration example of a receiving
section of a receiving circuit.

[0044] FIG.7is a detailed second configuration example of
the present embodiment.

[0045] FIG. 8 is a detailed third configuration example of
the present embodiment.

[0046] FIG.9 is a configuration example of a transmission
and reception switching circuit.

[0047] FIG. 10 is a detailed fourth configuration example of
the present embodiment.

[0048] FIG.11Ato FIG. 11C are configuration examples of
ultrasound transducer elements.

[0049] FIG. 12 is a configuration example of an ultrasound
transducer device.

[0050] FIG. 13A and FIG. 13B are configuration examples
of ultrasound transducer element groups which are provided
to correspond to each of the channels.

[0051] FIG. 14 is a configuration example of an ultrasound
measuring apparatus (ultrasound diagnostic apparatus) of the
present embodiment.

[0052] FIG. 15A to FIG. 15D are explanatory diagrams of
specific embodiments of ultrasound measuring apparatuses.

[0053] FIG. 16A to FIG. 16C are examples of specific
device configurations of the ultrasound measuring apparatus.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0054] Below, preferable embodiments of the present
invention will be described in detail. Here, the present
embodiment which is described below does not disadvanta-
geously limit the contents of the present invention which are
described in the scope of the claims and it is not always the
case that the configurations which are described in the present
embodiment are essential as the solving means of the present
invention.

1. Comparative Example

[0055] FIG. 1 illustrates a configuration example of an
ultrasound measuring apparatus which is a comparative
example of the present embodiment. The ultrasound measur-
ing apparatus has an ultrasound transducer device 100, a
transmitting circuit 500, a multiplexer 510, a transmission
and reception switching circuit 512, and a receiving circuit
520.

[0056] In the comparative example of FIG. 1, a transmis-
sion signal from the transmitting circuit 500 which is config-
ured by a pulser or the like is output to the ultrasound trans-
ducer device 100 via the multiplexer 510 in a transmitting
period. In this case, the transmission and reception switching
circuit 512 performs a circuit operation where the transmis-
sion signal from the transmitting circuit 500 is set to be not
signal-transferred to the receiving circuit 520.

[0057] On the other hand, a reception signal from the ultra-
sound transducer device 100 is input to the receiving circuit
520 via the multiplexer 510 and the transmission and recep-
tion switching circuit 512 in a receiving period.

[0058] In FIG. 1, for example, the multiplexer 510 per-
forms an operation where the channel which is the target of
the linear scanning is selected from among channels CHI to
CH64 in a linear scanning mode in FIG. 4A to be described
later.

[0059] For example, first, the channels CH1 to CH8 are
selected as the target of the linear scanning and the transmis-
sion signal (a transmission pulse) from the transmitting cir-
cuit 500 is output to the channels CH1 to CH8 of the ultra-
sound transducer device 100 via the multiplexer 510. Then,
the reception signals from the channels CH1 to CHS8 are input
to the receiving circuit 520 via the multiplexer 510 and the
transmission and reception switching circuit 512. The receiv-
ing circuit 520 performs receiving processes such as signal
amplification, gain adjustment, filter processing, and A/D
conversion of the reception signal.

[0060] Next, the channels CH2 to CH9 are selected as the
target of the linear scanning and the transmission signal from
the transmitting circuit 500 is output to the channels CH2 to
CH9. Then, the reception signals from the channels CH2 to
CH9 are input to the receiving circuit 520. In this manner, the
selection of the channels is sequentially performed using the
linear scanning, and the channels CH57 to CH64 are selected
last of all.

[0061] However, in the comparative example in FIG. 1, it is
understood that the voltage of the transmission signal which
is applied to an ultrasound transducer element in the ultra-
sound transducer device 100 decreases due to causes such as
the on resistance of the switching elements which configure
the multiplexer 510 and there is a concern that it may not be
possible to obtain the desired ultrasound sound pressure.
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[0062] For example, in the ultrasound transducer element
with the thin film piezoelectric format to be described later,
the impedance at the frequency to be used is small since the
capacity component of the element is large compared to a
bulk format. Accordingly, when the ultrasound transducer
element with the thin film piezoelectric format is driven using
a transmitting circuit for use in the bulk format, there are
problems in that it is easy for the ultrasound transducer ele-
ment to be influenced by a resistance component which
comes onto the driving line. As a result, in order to obtain the
desired ultrasound sound pressure, it is necessary to increase
the driving voltage in order to counteract the influence of the
resistance component. F1G. 2 is a diagram illustrating a state
of a resistance component which comes onto a transmission
line.

[0063] For example, in the transmission line, in the mea-
surement result (frequency=3.5 MHz) in a case of viewing
from Alin FIG. 2, the impedance at 3.5 MHz s approximately
20Q since the capacitance value is, for example, approxi-
mately 2000 pF. Here, the cable resistance is several @, the on
resistance of the switching element of the multiplexer is 10 to
20Q, and the wiring resistance of the FPC (the flexible printed
circut) is several Q. The voltage which is applied to the
ultrasound transducer element (UE) due to the resistance
component of the transmission line is half or less of the
voltage of the transmission signal which is output by the
transmitting circuit. In this manner, when the voltage which is
applied to the ultrasound transducer element decreases, it is
not possible to obtain the desired ultrasound sound pressure
as a result.

[0064] Then, as shown in FIG. 2, it is understood that the
main factor in the decrease in the voltage which is applied to
the ultrasound transducer element is the on resistance of the
multiplexer (the on resistance of the switching element). For
example, in the case of the bulk format, increasing the voltage
of the transmission signal of the transmitting circuit is com-
paratively easy and the impedance at the frequency to be used
is large since the capacity component of the ultrasound trans-
ducer element is also small compared to the thin film piezo-
electric format. Accordingly, it does not cause much of a
problem even when the on resistance of the multiplexer is
interposed between the transmitting circuit and the ultra-
sound transducer element.

[0065] Incontrast, in the thin film piezoelectric format, the
capacity component of the ultrasound transducer element is
large. In addition, in a case where the transmitting circuit is
built into a CMOS integrated circuit apparatus (IC), there is a
limitation in that it is not possible to substantially increase the
voltage of the transmission signal due to the limit of the
CMOS high breakdown voltage process. For example, in a
case where the voltage of the transmission signal is set to 10
to 12V using a CMOS high breakdown voltage process with
a breakdown voltage of approximately 15 V, the voltage
which is applied to the ultrasound transducer element is, for
example, approximately 5 to 6V due to a main factor of the on
resistance of the multiplexer. Accordingly, the voltage which
is applied to the ultrasound transducer element is too low and
it is not possible to obtain the desired ultrasound sound pres-
sure. In this case, a method, where a CMOS high breakdown
voltage process with a higher breakdown voltage is used, may
be considered, but since transistors with a higher breakdown
voltage are used according to this method, the layout area of
the transmitting circuits and the like which are configured by
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such transistors to increase and there is a tendency for the
scale of the circuit area of the integrated circuit apparatus to
increase.

2. Configuration of Integrated Circuit Apparatus and
Ultrasound Measuring Apparatus

[0066] FIG. 3 illustrates a specific configuration example of
an integrated circuit apparatus and an ultrasound measuring
apparatus of the present embodiment. An integrated circuit
apparatus 110 of the present embodiment includes transmit-
ting circuits TX1 to TX64 and a switching circuit 120 which
performs a switching operation. In addition, it is possible to
include a control circuit 130 which controls the transmitting
circuits TX1 to TX64 and the switching circuit 120. In addi-
tion, the ultrasound measuring apparatus includes the inte-
grated circuit apparatus 110. In addition, it is possible to
include the ultrasound transducer device 100 which has a
plurality of ultrasound transducer elements, a receiving cir-
cuit 150, and the like. Here, the integrated circuit apparatus
and the ultrasound measuring apparatus of the present
embodiment are not limited to the configuration in FIG. 3, and
various modifications which omit a portion of the constituent
components, substitute with other constituent components,
add other constituent components, or the like are possible.

[0067] Theultrasound transducer device 100 has a plurality
of ultrasound transducer elements (an ultrasound element
array) and a substrate where a plurality of openings are
arranged in an array formation. Each of the ultrasound trans-
ducer elements of the plurality of ultrasound transducer ele-
ments has a diaphragm which closes off each of the openings
of the plurality of openings and a piezoelectric element sec-
tion which is provided with a lower electrode, an upper elec-
trode, and a piezoelectric film which are provided on the
diaphragm. The details of the ultrasound transducer device
100 will be described later. Here, it is possible to adopt a
transducer ofa type which uses a piezoelectric element (a thin
film piezoelectric element) which will be described later as
the ultrasound transducer device 100, but the present embodi-
ment is not limited to this. For example, a transducer of a type
which uses capacitive elements such as c-MUT (Capacitive
Micro-machined Ultrasonic Transducers) or the like may be
adopted.

[0068] The transmitting circuits TX1 to TX64 (broadly
defined as first to K” transmitting circuits, where K is an
integer of 2 or more) output transmission signals with regard
to channels CH1 to CH64 (broadly defined as first to K”
channels) of the ultrasound transducer device 100. For
example, the transmitting circuits TX1 to TX64 are config-
ured by pulsers or the like which output ultrasound pulse
signals as the transmission signals. In addition, the channels
CH1 to CH64 are equivalent to the terminals and signal lines
of the ultrasound transducer device 100 where the ultrasound
transmission signals are input and where the reception signals
are output.

[0069] Here, a case where the number of channels is 64
(K=64) will be described below as an example, but the present
embodiment is not limited to this and the number of channels
may be less than or greater than 64. In addition, the capacitors
and resistors for AC coupling and bias point adjustment of the
signal are provided as external components on the integrated
circuit apparatus 110 in FIG. 3, but at least one of the capaci-
tors and resistors may be built into the integrated circuit
apparatus 110.
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[0070] The switching circuit 120 (the multiplexer) is a cir-
cuit which is controlled by the control circuit 130 and pet-
forms the switching operation. In the present embodiment,
the switching circuit 120 is provided between the receiving
circuit 150 and output nodes NQ1 to NQ64 (broadly defined
as first to K output nodes) of transmitting circuits TX1 to
TX64 (first to K transmitting circuits). In detail, one end of
the switching circuit 120 is electrically connected with the
output nodes NQ1 to NQ64 of the transmitting circuits TX1 to
TX64. The other end of the switching circuit 120 is electri-
cally connected with the receiving circuit 150 which is out-
side of the integrated circuit apparatus 110.

[0071] For example, in the comparative example in FIG. 1,
the multiplexer 510 is provided between the ultrasound trans-
ducer device 100 and the output nodes of the transmitting
circuit 500. In contrast, in the present embodiment in FIG. 3,
the multiplexer does not exist and the switching circuit 120 is
provided instead between the receiving circuit 150 and the
output nodes NQ1 to NQ64 of the transmitting circuits TX1 to
TX64. Then, the transmitting circuits TX1 to TX64 output the
transmission signals with regard to the channels CHI1 to
CH64 of the ultrasound transducer device 100 without going
through the multiplexer.

[0072] Then, the switching circuit 120 in the present
embodiment performs an operation where the signal transfer
of the transmission signal from the transmitting circuits TX1
to TX64 to the receiving circuit 150 is not transferred in the
transmitting period. That is, an operation is performed to
prevent (suppress) transfer of the transmission signals from
the transmitting circuits TX1 to TX64 to the receiving circuit
150. In other words, the switching circuit 120 sets the recep-
tion signal to be transferred to the receiving circuit 150 in the
receiving period but sets the transmission signal to be not
transferred to the receiving circuit 150 in the transmitting
period.

[0073] In addition, the switching circuit 120 performs a
switching operation (a multiplexer operation) where the
reception signals from the channels (at least one channel)
which are selected from among the channels CH1 to CH64
are output to the receiving circuit 150 in the receiving period.
That is, a predetermined number of channels (reception chan-
nels) are selected from the plurality of channels CH1 to CH64
and the reception signals from the selected channels are out-
put to the receiving circuit 150.

[0074] For example, as the scanning modes of the ultra-
sound measuring apparatus, there are the linear scanning
mode shown in FIG. 4A and the sector scanning mode shown
in FIG. 4B. The switching circuit 120 performs a switching
operation where the plurality of channels which are the target
of the linear scanning from among the channels CH1 to CH64
are sequentially shifted (for example, sequentially shifted one
channel at a time) and selected in the receiving period in the
linear scanning mode in FI1G. 4A.

[0075] Taking the examples of FIG. 5, FIG. 7, FIG. 8, and
FIG. 10 which will be described later, the switching circuit
120 performs a multiplexer operation where the reception
signals from eight (broadly defined as [, where L is an integer
of 2 or more with [.<K) channels which are the target of the
linear scanning which are selected from among the channels
CH1 to CH64 are output to input nodes NI1 to NI8 (broadly
defined as first to L” input nodes) of the receiving circuit 150
in the receiving period in the linear scanning mode in FIG.
4A.

Mar. 27,2014

[0076] On the other hand, the switching circuit 120 per-
forms a switching operation where reception signals from the
channels CH1 to CH64 are output to the input nodes NI1 to
NI64 (broadly defined as first to K? input nodes) of the
receiving circuit 150 in the receiving period in the sector
scanning mode in FIG. 4B.

[0077] In detail, the switching circuit 120 first selects the
channels CH1 to CHS (first to L™ channels) among the chan-
nels CHI to CH64 (first to K channels) as the channels
which are the linear scanning target in the receiving period in
the linear scanning mode. Due to this, the reception signals
from the channels CH1 to CH8 are output to the receiving
circuit 150. Next, the switching circuit 120 selects the chan-
nels CH2 to CHY (second to L+1? channels) as the channels
which are the linear scanning target. Due to this, the reception
signals from the channels CH2 to CH9 are output to the
receiving circuit 150. In the same manner, the switching
circuit 120 then sequentially shifts the channels one at a time
and selects the channels such as the channels CH3 to CH10
(third to L+2™ channels) and then the channels CH4 to CH11
(fourth to L+3" channels). Then, the channels CH57 to CH64
(K-L+1" to K channel) are selected last of all, and due to
this, the reception signals from the channels CH57 to CH64
are output to the receiving circuit 150.

[0078] On the other hand, the switching circuit 120 outputs
the reception signals from the channels CH1 to CH64 to the
input nodes NI1 to NI64 (refer to FIG. 10) of the receiving
circuit 150 in the receiving period in the sector scanning
mode. That is, the reception signals from all of the channels
CH1 to CH64 where the transmission signal is input are
output as is to the receiving circuit 150. Here, it is not neces-
sary for all of the channels CH1 to CH64 of the ultrasound
transducer device 100 to be used in transmitting and receiv-
ing. For example, a method may also be considered where 48
channels from channel CH9 to channel CH56 are used in the
transmission and all of the channels from channel CH1 to
channel CH64 are used in the receiving, or the like. This
method is a method where the opening width is changed in
transmitting and receiving and it is also possible to apply the
present invention to this method.

[0079] The control circuit 130 performs various types of
control on the integrated circuit apparatus 110. For example,
the transmission timing and the like of the transmission sig-
nals of the transmitting circuits TX1 to TX64 are controlled
by controlling the transmitting circuits TX1 to TX64. In addi-
tion, the control circuit 130 performs switching control of the
switching circuit 120 and controls the switching element of
the switching circuit 120 to turn on and off. It is possible to
realize the control circuit 130 using, for example, a logic
circuit such as a gate array or a processor such as a CPU.
[0080] The receiving circuit 150 performs a receiving pro-
cess on the reception signal (ultrasound echo signal) which is
input from the ultrasound transducer device 100 via the inte-
grated circuit apparatus 110 (the switching circuit 120). In
detail, the receiving circuit 150 performs receiving processes
such as signal amplification, gain adjustment, filter process-
ing, and A/D conversion of the reception signal. It is possible
to configure the receiving circuit 150 using, for example, an
LNA (low noise amplifier), a PGA (programmable gain
amplifier), a filter section, an A/D converter, or the like. Here,
in FIG. 3, the receiving circuit 150 is provided outside the
integrated circuit apparatus 110, but circuits of at least a
portion of the receiving circuit 150 may be provided inside
the integrated circuit apparatus 110.
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[0081] Next, the operation in the present embodiment will
be described in detail.

[0082] First, the transmitting circuits TX1 to TX8 among
the transmitting circuits TX1 to TX64 output the transmission
signals with regard to the channels CH1 to CH8 which are the
linear scanning target among the channels CH1 to CH64 due
to controlling by the control circuit 130 in the transmitting
period of the linear scanning mode. In detail, a signal delay
process for ultrasound focusing is performed with regard to
the transmission signal and the transmission signals where
signal delaying has been carried out are output to the channels
CH1 to CHS. At this time, the switching circuit 120 performs
an operation such that the transmission signals from the trans-
mitting circuits TX1 to TX8 are not transferred to the receiv-
ing circuit 150.

[0083] Then, the switching circuit 120 performs a switch-
ing operation where the channels CH1 to CH8 which are the
linear scanning target are selected in the receiving period.
Due to this, the reception signals from the channels CH1 to
CHS are output to the receiving circuit 150 (the input nodes
NI1 to NI8) via the switching circuit 120.

[0084] Next, the transmitting circuits TX2 to TX9 among
the transmitting circuits TX1 to TX64 output transmission
signals with regard to the channels CH2 to CH9 which are
target of the linear scanning mode due to controlling by the
control circuit 130 in the transmitting period. At this time, the
switching circuit 120 performs an operation such that the
transmission signals from the transmitting circuits TX2 to
TX9 are not transmitted to the receiving circuit 150.

[0085] Then, the switching circuit 120 performs a switch-
ing operation where the channels CH2 to CH9 which are the
linear scanning target are selected in the receiving period.
Due to this, the reception signals from the channels CH2 to
CH9 are output to the receiving circuit 150 via the switching
circuit 120.

[0086] Thetransmitting circuits TX3 to TX10 output trans-
mission signals to the channels CH3 to CH10 due to control-
ling by the control circuit 130 in the next transmitting period.
At this time, the switching circuit 120 performs an operation
such that the transmission signals from the transmitting cir-
cuits TX3 to TX10 are not transmitted to the receiving circuit
150.

[0087] Then, the switching circuit 120 performs a switch-
ing operation where the channels CH3 to CH10 which are the
linear scanning target are selected in the receiving period.
Due to this, the reception signals from the channels CH3 to
CH10 are output to the receiving circuit 150 via the switching
circuit 120.

[0088] Transmitting and receiving according to the linear
scanning are sequentially performed as above and the trans-
mitting circuits TX57 to TX64 output the transmission sig-
nals with regard to the channels CH57 to CH64 in the last
transmitting period. Then, the channels CH57 to CH64 are
selected and the reception signals from the channels CH57
and CH64 are output to the receiving circuit 150 in the receiv-
ing period.

[0089] On the other hand, the transmitting circuits TX1 to
TX64 output the transmission signals with regard to the chan-
nels CH1 to CH64 in the transmitting period in the sector
scanning mode. Then, the switching circuit 120 outputs the
reception signals from the channels CH1 to CH64 as is with
regard to the receiving circuit 150 (the input nodes NI1 to
NI64) in the receiving period.
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[0090] According to the present embodiment described
above, it is possible for the transmitting circuit to drive the
ultrasound transducer element by outputting the transmission
signal to the ultrasound transducer device directly without
going through the switching element (an analog switch) ofthe
multiplexer. Accordingly, it is possible to prevent loss of the
transmission signal due to the cause of the on resistance of the
switching element, and it is possible to easily obtain the
desired ultrasound sound pressure (transmission power).
[0091] That is, when the multiplexer is interposed between
the output of the transmitting circuit and the ultrasound trans-
ducer device, as described in FIG. 2, the voltage which is
applied to the ultrasound transducer element decreases due to
causes such as the on resistance of the switching elements of
the multiplexer, and it is not possible to obtain the desired
ultrasound sound pressure.

[0092] In this regard, in the present embodiment, the trans-
mission signal from the transmitting circuit is output to the
ultrasound transducer device directly without going through
the multiplexer as shown in FIG. 3. Accordingly, since the
transmission loss 1s suppressed and it is possible to suppress
a decrease in the voltage of the transmission signal to a
minimum, it is possible to easily obtain the desired ultrasound
sound pressure. In addition, since the transmission loss is
suppressed, it is possible to adopt a CMOS high breakdown
voltage process where the breakdown voltage is not very
high, for example, approximately 15V, as the manufacturing
process of the integrated circuit apparatus. For example, it is
possible to obtain the desired ultrasound sound pressure by
applying an application voltage of, for example, approxi-
mately 10V with regard to the ultrasound transducer element
due to the transmission loss being suppressed to a minimum
even when the transmitting circuit is formed with a high
breakdown voltage process of 15 V and the transmitting cir-
cuit outputs the transmission signal with a voltage amplitude
of, for example, approximately 12 V. Accordingly, for
example, compared to a case where a high breakdown voltage
process of 20 V or more is used, it is possible to reduce the
layout area of the integrated circuit apparatus and it is pos-
sible to provide an appropriate integrated circuit apparatus in,
for example, a portable ultrasound measuring apparatus or the
like. In addition, by reducing the layout area of the circuit, it
is possible to increase the number of transmission channels
which are able to be integrated in one integrated circuit appa-
ratus (IC) and it is possible for the entirety of the transmitting
circuit to be more compact.

[0093] Then, in the present embodiment, while the trans-
mission loss is reduced and the integrated circuit apparatus is
made to be more compact in this manner, it is possible to
realize the linear scanning mode and the sector scanning
mode shown in FIG. 4A and FIG. 4B using the switching
operation (the multiplexer operation) of the switching circuit.
Then, the switching circuit is not provided between the output
nodes of the transmitting circuit and the ultrasound trans-
ducer device, but between the output nodes of the transmitting
circuit and the receiving circuit. Accordingly, since the on
resistance of the switching element of the switching circuit
does not come onto the transmission path, it is possible to
effectively suppress the generation of transmission loss as in
the comparative example in FIG. 1.

3. First Configuration Example

[0094] FIG. 5 illustrates a detailed first configuration
example of the present embodiment. FIG. 5 illustrates a
detailed configuration example of the switching circuit 120.
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[0095] As shown in FIG. 5, the switching circuit 120
includes switching elements SA1to SA64 (broadly defined as
firstto le switching elements). The switching elements SA1 to
SA64 are provided between the receiving circuit 150 and the
output nodes NQ1 to NQ64 (the first to K output nodes) of
the transmitting circuits TX1 to TX64 (the first to K# trans-
mitting circuits) and are controlled to be turned on and off by
the control circuit 130. It is possible for the switching ele-
ments SA1 to SA64 to be realized using, for example, an
analog switch such as a transfer gate.

[0096] In detail, one end of the switching elements SA1 to
SA8 is electrically connected with the output nodes NQ1 to
NQ8 of the transmitting circuits TX1 to TX8 and the other end
of the switching elements SA1 to SAS8 is electrically con-
nected with the input nodes NI1 to NI§ of the receiving circuit
150. The input nodes NI1 to NI8 are nodes where the recep-
tion signal is input to receiving sections RX1 to RX8 of the
receiving circuit 150.

[0097] In addition, one end of the switching elements SA9
to SA16 is electrically connected with the output nodes NQ9
to NQ16 of the transmitting circuits TX9 to TX16 and the
other end of the switching elements SA9 to SA16 is electri-
cally connected with the input nodes NI1 to NI8 of the receiv-
ing circuit 150. In the same manner, one end of the switching
elements SA17 to SA24 is electrically connected with the
output nodes NQ17 to NQ24 of the transmitting circuits
TX17 to TX24 and the other end of the switching elements
SA17 to SA24 is electrically connected with the input nodes
NI1 to NI8 of the receiving circuit 150. The same also applies
to the connection relationship of the other switching elements
SA25to SA64.

[0098] For example, in FIG. 5, it is possible for the output
nodes NQI to NQ64 (the first to K output nodes) to be
grouped into output node groups NG1 to NG8 (broadly
defined as first to M™ output node groups where I and M are
integers of 2 or more with <K and M<K and K=[.xM) where
each of the output node groups is configured by eight (L)
output nodes. For example, the output nodes NQ1 to NQ8
belong to the output node group NG1, the output nodes NQ9
to NQ16 belong to the output node group NG2, and the output
nodes NQ17 to NQ24 belong to the output node group NG3.
The same also applies to the other output nodes NQ25 to
NQ64.

[0099] In addition, it is also possible for the switching
elements SA1 to SA64 (the first to Kth switching elements) to
be grouped into switching element groups SG1 to SG8
(broadly defined as first to M™ switching element groups)
where each of the switching element groups is configured by
eight (L) switching elements. For example, the switching
elements SA1 to SA8 belong to the switching element group
SG1, the switching elements SA9 to SA 16 belong to the
switching element group SG2, and the switching elements
SA17 to SA24 belong to the switching element group SG3.
The same also applies to the other switching elements SA25
to SA64.

[0100] In this case, the switching element group SG1
(broadly defined as i switching element group with 1<i<M)
among the switching element groups SG1 to SG8 is provided
between the output node group NG1 (broadly defined as i”
output node group) among the output node groups NG1 to
NG8 and the input nodes NI1 to NI8 (the first to L input
nodes) of the receiving circuit 150. For example, one end of
the switching element group SG1 is electrically connected
with the output node group NG1, the other end is electrically
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connected with the input nodes NI1 to NI8 of the receiving
circuit 150, and the switching element group SG1 performs
turning on and off the connection between the output node
group NG1 and the input nodes NI1 to NI8.

[0101] In addition, the switching element group SG2 (the
i switching element group) is provided between the output
node group NG2 (the i” output node group) and the input
nodes NI1 to NI8 of the receiving circuit 150. For example,
one end of the switching element group SG2 is electrically
connected with the output node group NG2, the other end is
electrically connected with the input nodes NI1 to NI8 of the
receiving circuit 150, and the switching element group SG2
performs turning on and off the connection between the out-
put node group NG2 and the input nodes NI1 to NI8. The
same also applies to the connection configurations of the
other switching element groups SG3 to SG8.

[0102] Then, the control circuit 130 performs switching
control which turns off the switching elements SA1 to SA64
in the transmitting period. Due to this, the transmission sig-
nals from the transmitting circuits TX1 to TX 64 are prevented
from being transferred to the receiving circuit 150.

[0103] On the other hand, the control circuit 130 sequen-
tially shifts and selects eight (L) switching elements which
are the target of the linear scanning from among the switching
elements SA1 to SA64 and performs switching control which
turns on the eight (L) switching elements which are selected
in the receiving period of the linear scanning mode.

[0104] In detail, first, the transmitting circuits TX1 to TX8
output the transmission signals to the channels CH1 to CH8
due to controlling by the control circuit 130. At this time, the
control circuit 130 turns off the switching elements SA1 to
SA64. Here, since it is not preferable for noise and the like to
come on when a channel which is not used in the receiving
circuit 150 is connected, the switching elements SA9 to
SA64, which are connected with the transmitting circuits
TX9 to TX64 which do not output transmission signals, are
also turned off. Here, it is also possible to turn off only the
switching elements SA1 to SA8 which are connected with the
transmitting circuits TX1 to TX8 which output the transmis-
sion signals. Then, the control circuit 130 turns on the eight
(L) switching elements SA1 to SA8 in the subsequent receiv-
ing period. Due to this, the reception signals from the chan-
nels CH1 to CH8 are input to the input nodes NI1 to NI§ of the
receiving circuit 150 via the switching elements SA1 to SAS.
Then, the receiving sections RX1 to RX8 of the receiving
circuit 150 perform receiving processes such as signal ampli-
fication, gain adjustment, filter processing, and A/D conver-
sion with regard to the reception signals which are inputto the
input nodes NI1 to NIS.

[0105] Next, the transmitting circuits TX2 to TX9 output
the transmission signals to the channels CH2 to CH9 due to
controlling by the control circuit 130. At this time, the control
circuit 130 turns off the switching elements SA1 to SA64
(SA2 to SA9). Then, the control circuit 130 turns on the eight
switching elements SA2 to SA9 in the subsequent receiving
period. Due to this, the reception signals from channels CH2
to CHS8 are input to the input nodes NI2 to NI8 via the
switching elements SA2 to SA8 and the reception signal from
channel CH9 is input to the input node NI1 via the switching
element SA9. Then, the receiving sections RX2 to RX8 per-
form a receiving process on the reception signals of the chan-
nels CH2 to CH8 which are input to the input nodes NI2 to
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NI8 and the receiving section RX1 performs a receiving pro-
cess on the reception signal of the channel CH9 which is input
to the input node NTI1.

[0106] Next, the transmitting circuits TX3 to TX10 output
the transmission signals to the channels CH3 to CH10 due to
controlling by the control circuit 130. At this time, the control
circuit 130 turns off the switching elements SA1 to SA64
(SA3 to SA10). The control circuit 130 turns on eight switch-
ing elements SA3 to SA10 in the subsequent receiving period.
Due to this, the reception signals from the channels CH3 to
CHS8 are input to the input nodes NI3 to NI8 via the switching
elements SA3 to SA8 and the reception signals from the
channels CH9 and CH10 are input to the input nodes NI1 and
NI2 via the switching elements SA9 and SA10. Then, the
receiving sections RX3 to RX8 perform a receiving process
on the reception signals of the channels CH3 to CH8 which
are input to the input nodes NI3 to NI8 and the receiving
sections RX1 and RX2 perform a receiving process on the
reception signals of the channels CH9 and CH10 which are
input to the input nodes NI1 and NI2.

[0107] The control circuit 130 sequentially shifts, selects,
and turns on eight switching elements from among the
switching elements SA1 to SA64 as above. Then, the control
circuit 130 turns on the switching elements SA57 to SA64 in
the last receiving period of the scanning operation. Due to
this, the reception signals from the channels CH57 to CH64
are input to the input nodes NI1 to NI8 via the switching
elements SA57 to SA64. Then, the receiving sections RX1 to
RX8 perform a receiving process on the reception signals of
the channels CH57 to CH64 which are input to the input
nodes NI1 to NI8.

[0108] Here, FIG. 6 illustrates a configuration example of
the receiving sections RX (RX1 to RX8) in the receiving
circuit 150. As shown in FIG. 6, the receiving sections RX
include an LNA (low noise amplifier), a PGA (programmable
gain amplifier), an LPF (filter part), and an ADC (A/D con-
verter). The LNA performs signal amplification of the recep-
tion signal and the PGA (VCA) performs gain adjustment
(voltage adjustment) of the signal after signal amplification.
The LPF performs a filtering process (low pass filtering), and
the ADC performs A/D conversion of the signal after the
filtering process.

[0109] According to the first configuration example in FIG.
5 described above, it is possible to realize a switching opera-
tion during the scanning mode using the switching elements
SA1 to SA64 in the switching circuit 120. In addition, in the
first configuration example, it is possible to realize the trans-
mission and reception switching function, where the trans-
mission signal is prevented from being input to the receiving
circuit 150, in combination with the switching operation of
the switching elements SA1 to SA64. Accordingly, reducing
the size, simplification, or the like of the circuit is achieved.

4. Second Configuration Example

[0110] FIG. 7 illustrates a detailed second configuration
example of the present embodiment. In the second configu-
ration example in FIG. 7, constituent components of ampli-
fication circuits LNA1 to LNAS are added with regard to the
first configuration example in FIG. 5.

[0111] Here, the amplification circuits LNA1 to LNAS8
(broadly defined as first to L” amplification circuits) are real-
ized using, for example, an operational amplifier or the like
which performs signal amplification with low noise. Then,
the amplification circuits LNA1 to LNAS8 perform signal
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amplification of the reception signals from the eight (L)
switching elements which were selected in the linear scan-
ning mode. Then, the reception signals after signal amplifi-
cation are output to the input nodes NI1 to NI8 (the first to L%
input nodes) in the receiving circuit 150.

[0112] Forexample, ina case where the switching elements
SA1 to SA8 are selected and turned on in the linear scanning
mode, the amplification circuits LNA1 to LNAS8 perform
signal amplification of the reception signals of the channels
CH1 to CHS from the switching elements SA1 to SA8. Next,
in a case where the switching elements SA2 to SA9 are
selected and turned on, the amplification circuits LNA2 to
LNAS perform signal amplification on the reception signals
of the channels CH2 to CH8 from the switching elements SA2
to SA8 and the amplification circuit LNA1 performs signal
amplification on the reception signal of the channel CH9 from
the switching element SA9. Next, in a case where the switch-
ing elements SA3 to SA10 are selected and turned on, the
amplification circuits LNA3 to LNAS perform signal ampli-
fication on the reception signals of the channels CH3 to CH8
from the switching elements SA3 to SA8 and the amplifica-
tion circuits LNA1 and LNA2 perform signal amplification
on the reception signals of the channels CH9 and CH10 from
the switching elements SA9 and SA10.

[0113] For example, when there is a large parasitic capaci-
tance with regard to the output terminal to the receiving
circuit 150 of the integrated circuit apparatus 110, there is a
concern that signal deterioration such as a decrease in the
amplitude of the reception signal may be generated in the first
configuration example in FIG. 5. For example, in FIG. 15B
which will be described later, the receiving circuit 150 is
provided inside a body apparatus 250 which is connected with
an uvltrasound probe 200 via a cable 240. Accordingly, signal
deterioration is generated due to causes such as the parasitic
capacitance of the cable 240 (a coaxial cable or the like).

[0114] In this regard, in the second configuration example
in FIG. 7, the amplification circuits LNA1 to LNA8 which
have the ability to drive signals are provided and the reception
signals are amplified by the amplification circuits LNA1 to
LNAS. Accordingly, it is possible to suppress the signal dete-
rioration such as a decrease in the amplitude of the reception
signals to a minimum even in a case where there is a large
parasitic capacitance with regard to the output terminals to the
receiving circuit 150 in the integrated circuit apparatus 110.

5. Third Configuration Example

[0115] FIG. 8 illustrates a detailed third configuration
example of the present embodiment. In the third configura-
tion example in FIG. 8, constituent components of transmis-
sionand reception switching circuits TRSW1to TRSWé64 are
added with regard to the first configuration example in FIG. 5.

[0116] The switching circuit 120 in FIG. 8 has the trans-
mission and reception switching circuits TRSW1 to TRSW 64
(broadly defined as first to K” transmission and reception
switching circuits). The transmission and reception switching
circuits TRSW1 to TRSW64 are provided between the output
nodes NQ1 to NQ64 (the first to K* output nodes) and the
switching elements SA1 to SA64 (the first to K switching
elements). For example, one end of the transmission and
reception switching circuits TRSW1 to TRSW64 is electri-
cally connected with the output nodes NQ1 to NQ64 of the
transmitting circuits TX1 to TX64 and the other end of the
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transmission and reception switching circuits TRSW1 to
TRSW64 is electrically connected with one end of the switch-
ing elements SA1 to SA64.

[0117] Then, the transmission and reception switching cir-
cuits TRSW1 to TRSW64 set the signal transfer of the trans-
mission signal from the transmitting circuits TX1 to TX64 to
the receiving circuit 150 to be not transferred in the transmit-
ting period. That is, a circuit operation is performed such that
the transmission signals are not transferred to the receiving
circuit 150 in the transmitting period. In the first configuration
example in FIG. 5, the transmission and reception switching
function where the transmission signals are prevented from
being input to the receiving circuit 150 is realized by turning
off the switching elements SA1 to SA64 in the transmitting
period. In contrast, in the third configuration example in FIG.
8, the transmission and reception switching function
described above is realized using the transmission and recep-
tion switching circuits TRSW1 to TRSW64 which are pro-
vided at the front stage side of the switching elements SA1 to
SA4. Then, also in the third configuration example, the con-
trol circuit 130 performs switching control where the eight
(L) switching elements which are the target of the linear
scanning are sequentially shifted and selected from among
the switching elements SA1 to SA64 and the selected switch-
ing elements are turned on in the receiving period. By doing
this, it is possible to realize the transmission and reception
switching function of the switching circuit 120 and the linear
scanning function.

[0118] FIG. 9 illustrates a configuration example of the
transmission and reception switching circuits TRSW
(TRSW1 to TRSW64). The transmission and reception
switching circuits TRSW have resistors RB1 and RB2 and
diodes DI1 to DI6.

[0119] Theresistor RB 1is provided between a high poten-
tial side power source VP and a node NB1 and the resistor
RB2 is provided between a node NB2 and a low potential side
power source VN.

[0120] The diode DI1 is provided between the node NB1
and output nodes NQ (NQ1 to NQ64) of the transmitting
circuit TX and is a diode which sets the direction from the
node NB 1 to NQ as the forward direction. The diode D12 is
provided between the node NB 1 and the node NB3 where one
end ofthe switching elements SA (SA1 to SA64) is connected
and is a diode which sets the direction from the node NB 1 to
NB3 as the forward direction. The diode DI3 is provided
between the output node NQ and the node NB2 and is a diode
which sets the direction from the node NQ to NB2 as the
forward direction. The diode DI4 is provided between the
node NB3 and the node NB2 and, in a case where power is
supplied to the node, performs a circuit operation where the
transmission signals are prevented (suppressed) from being
transferred to the receiving circuit 150 by a clamp process or
the like being performed on the voltage of the transmission
signal. Here, the transmission and reception switching cir-
cuits TRSW are not limited to the circuit configuration of
FIG. 9, and the transmission and reception switching circuits
TRSW may be realized by analog switching elements or the
like such as a transfer gate.

6. Fourth Configuration Example

[0121] FIG. 10 illustrates a detailed fourth configuration
example of the present embodiment. The fourth configuration
example in FIG. 10 illustrates an example of the switching
circuit 120 which realizes both of the linear scanning mode
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and the sector scanning mode. In the fourth configuration
exampleinFIG. 10, a switching operation where the constitu-
ent components of a switching circuit 122 of the scanning
mode are connected with regard to connection nodes (NC9 to
NC16, NC17 to NC24, NC2510 NC32, .. ., NC57 to NC64)
which correspond to each of the connection nodes (NC1 to
NC8) among the constituent components.

[0122] In detail, the scanning mode switching circuit 122
performs a switching operation where the connection node
NC1 of a connection node group NH1 is connected with the
connection nodes NC9, NC17, NC25, . . ., and NC57 of the
connection node groups NH2 to NHS8. The switching opera-
tion is realized using switching elements S11, S12, S13, . . .,
and S18 of the scanning mode switching circuit 122. For
example, the connection node NC1 is connected with the
connection nodes NC9, NC17, NC25, . . ., and NC57 by
turning on the switching elements S11 to S18.

[0123] In addition, the scanning mode switching circuit
122 performs a switching operation where the connection
node NC2 of the connection node group NH1 is connected
with connection nodes NC10, NC18,NC26, .. ., and NC58 of
the connection node groups NH2 to NH8. The switching
operation is realized by the switching elements S21, S22,
S23, ..., and S28 ofthe scanning mode switching circuit 122.
For example, the connection node NC2 is connected with
connection nodes NC10, NC18, NC26, . . . , and NC58 by
turning on the switching elements S21 to S28.

[0124] In addition, the scanning mode switching circuit
122 performs a switching operation where the connection
node NC3 of the connection node group NH1 is connected
with the connection nodes NC11, NC19, NC27, . . ., and
NC59 of the connection node groups NH2 to NHS. The
switch operation is realized using the switching elements
S31, S32, 833, .. ., and S38 of the scanning mode switching
circuit 122. For example, when the switching elements S31 to
S38 are turned on, the connection node NC3 is connected
with the connection nodes NC11, NC19, NC27, . . ., and
NC59. The same also applies to the connection between the
connection nodes NC4 to NC8 of the connection node group
NHI1 and the other connection nodes of the connection node
groups NH2 to NHS.

[0125] In the fourth configuration example in FIG. 10, by
turning on the switching elements S11 to S88 (S11 to S18,
S21t0 S28, ..., S81 to S88) in the scanning mode switching
circuit 122, the connection configuration between the switch-
ing elements SA1 to SA64 and the input nodes N11 to NI8 of
the receiving circuit 150 is the same as the connection con-
figuration in FIG. 5. That is, the connection configuration is a
connection configuration which is equivalent to the circuit in
FIG. 5. Accordingly, it is possible to realize the channel
selection in the linear scanning mode using the same opera-
tion as the operation which is described in FIG. 5 by turning
on the switching elements S11 to S88 in the scanning mode
switching circuit 122 in the linear scanning mode. Then, it is
possible to input the reception signals from the eight (L)
channels, which are the target of the linear scanning which are
selected from among the channels CH1 to CH64, to the input
nodes NI1 to NI8 in the receiving circuit 150.

[0126] On the other hand, the switching elements S11 to
S88 in the scanning mode switching circuit 122 are turned off
in the sector scanning mode. Then, the transfer of the trans-
mission signal to the receiving circuit 150 is prevented and the
transmission and reception switching function is realized by
turning off the switching elements SA1 to SA64 in the trans-
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mitting period. In addition, the switching elements SA1 to
SA64 are all turned on in the receiving period. Due to this, the
reception signals from the channels CH1 to CH64 are input as
is to the receiving sections RX1 to RX64 in the receiving
circuit 150 via the switching elements SA1 to SA64 of the
switching circuit 120. Then, the receiving sections RX1 to
RX64 perform a receiving process on the reception signals
from the channels CH1 to CH64.

[0127] That is, in the fourth configuration example in FIG.
10, the receiving sections RX1 to RX64 are provided for 64
channels in order to realize the sector scanning mode. Then,
in the same manner as the first configuration example in FIG.
5, the receiving sections RX1 to RX8 among the receiving
sections RX1 to RX64 perform a receiving process on the
reception signals from the channels which are selected by the
linear scanning in the linear scanning mode. On the other
hand, by turning on all of the switching elements SA1 to
SA64 in sector scanning mode, a receiving process is per-
formed on the reception signals by the reception signals from
the channels CH1 to CH64 being input to the receiving sec-
tions RX1 to RX64.

[0128] According to the fourth configuration example in
FIG. 10, it is possible to realize an ultrasound measuring
apparatus with high versatility as above since it is possible to
realize the sector scanning mode in addition to the linear
scanning mode which is realized using the first configuration
example and the like in FIG. 5.

[0129] Here, the configuration of the present embodiment
is not limited to the first to fourth configuration examples
described above and various modifications are possible. For
example, modifications where the first to fourth configuration
examples are combined are also possible. For example, modi-
fications are possible in the fourth configuration example in
FIG. 4 where an amplification circuit (LNA) for amplifying
the reception signals is provided at a stage behind the switch-
ing elements SA1 to SA64, the transmission and reception
switching circuit is provided at a stage in front of the switch-
ing elements SA1 to SA64, or the like.

7. Ultrasound Transducer Element

[0130] FIG. 11A to FIG. 11C illustrate a configuration
example of an ultrasound transducer element 10 of the ultra-
sound transducer device 100. The ultrasound transducer ele-
ment 10 has a diaphragm (a membrane and a support mem-
ber) 50 and a piezoelectric element section. The piezoelectric
element section has a first electrode layer (a lower electrode)
21, a piezoelectric layer (a piezoelectric film) 30, and a sec-
ond electrode layer (an upper electrode) 22.

[0131] FIG. 11A is a planar diagram of the ultrasound
transducer element 10 which is formed on the substrate (a
silicon substrate) 60 viewed from a direction which is
orthogonal to a substrate 60 on the element forming surface
side. FIG. 11B is a cross sectional diagram illustrating a cross
section along A-A' in FIG. 11A. FIG. 11C is a cross sectional
diagram illustrating a cross section along B-B' in FIG. 11A.
[0132] The first electrode layer 21 is formed by, for
example, ametal thin film on the upper layer of the diaphragm
50. The first electrode layer 21 may be wiring which extends
to the outside of an element forming region as shown in FIG.
11A and is connected with the ultrasound transducer element
10 which is adjacent.

[0133] The piezoelectric layer 30 is formed, for example,
by a PZT (lead zirconate titanate) film and is provided to
coverat least a portion of the firstelectrode layer 21. Here, the
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material of the piezoelectric layer 30 is not limited to PZT
and, for example, lead titanate (PbTiO3), lead zirconate
(PbZr03), lead lanthanum titanate ((Pb, La) TiO3), or the like
may be used.

[0134] For example, the second electrode layer 22 is
formed by a metal thin film and is provided so as to cover at
least a portion of the piezoelectric layer 30. The second elec-
trode layer 22 may be wiring which extends to the outside of
the element forming region as shown in FIG. 11A and is
connected with the ultrasound transducer element 10 which is
adjacent.

[0135] The diaphragm (membrane) 50 is provided so as to
close off an opening 40 using a two layer structure of, for
example, an SiO2 thin film and ZrO2 thin film. It is possible
for the diaphragm 50 to support the piezoelectric layer 30 and
the first and second electrode layers 21 and 22, to vibrate
according to expansion and contraction of the piezoelectric
layer 30 and to generate ultrasound.

[0136] The opening (cavity region) 40 is arranged in an
array formation on the substrate 60. The opening 40 is formed
by etching using reactive ion etching (RIE) or the like from
the rear surface (the side where the elements are not formed)
side of the substrate 60 (silicon substrate). The resonance
frequency of the ultrasound is determined according to the
size of an opening section 45 of the opening 40 and the
ultrasound is irradiated to the piezoelectric layer 30 side (the
front direction from the back of the paper surface in FIG.
11A).

[0137] Thelower electrode (the first electrode) of the ultra-
sound transducer element 10 is formed by the first electrode
layer 21 and the upper electrode (the second electrode) is
formed by the second electrode layer 22. In detail, a portion,
which is covered by the piezoelectric layer 30, of the first
electrode layer 21 forms the lower electrode and a portion,
which covers the piezoelectric layer 30, of the second elec-
trode layer 22 forms the upper electrode. That is, the piezo-
electric layer 30 is provided to be interposed by the lower
electrode and the upper electrode.

[0138] The piezoelectric layer 30 is expanded and con-
tracted in an in-plane direction by voltage being applied
between the lower electrode and the upper electrode, that is,
between the first electrode layer 21 and the second electrode
layer 22. One surface of the piezoelectric layer 30 is bonded
with the diaphragm 50 via the first electrode layer 21, but
while the second electrode layer 22 is formed on the other
surface, other layers are not formed on the second electrode
layer 22. As a result, the diaphragm 50 side of the piezoelec-
tric layer 30 does not easily expand and contract and the
second electrode layer 22 side easily expands and contracts.
Accordingly, when voltage is applied to the piezoelectric
layer 30, bending is generated to make the opening 40 side
convex and the diaphragm 50 bends. By applying an AC
voltage to the piezoelectric layer 30, the diaphragm 50
vibrates in the film thickness direction and ultrasound is irra-
diated due to the vibration of the diaphragm 50.

[0139] The voltage which is applied to the piezoelectric
layer 30 is, for example, 10 to 30V, and the frequency is, for
example, 1 to 10 MHz. That is, it is possible to perform
driving at a low voltage compared to a case where bulk
piezoelectric elements are used and it is possible to manufac-
ture a driving IC using a semiconductor process with a low
breakdown voltage. Due to this, it is possible to make the
ultrasound measuring apparatus compact and increase the
number of channels.
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[0140] In addition, the ultrasound transducer element 10
also operates as a reception element which receives an ultra-
sound echo where the ultrasound which is emitted is reflected
by the target and returned. The diaphragm 50 vibrates accord-
ing to the ultrasound echo, and stress is applied to the piezo-
electric layer 30 due to the vibration and a voltage is genet-
ated between the lower electrode and the upper electrode. It is
possible to extract the voltage as a reception signal.

8. Ultrasound Transducer Device

[0141] FIG. 12 illustrates a configuration example of the
ultrasound transducer device 100 (an element chip). The
ultrasound transducer device 100 of the present configuration
exampleincludes a plurality of ultrasound transducer element
groups UG1 to UG64, driving electrode lines DIL1 to DL64
(broadly defined as first to n™ driving electrode lines where n
is an integer of 2 or more), and common electrode lines CL1
to CL8 (broadly defined as first to m” common electrode lines
where m is an integer of 2 or more). Here, the number of lines
(n) of the driving electrode lines and the number of lines (m)
of the common electrode lines are not limited to the numbers
of lines shown in FIG. 12.

[0142] The plurality of ultrasound transducer elements
UG1 to UG64 are arranged in 64 rows along a second direc-
tion D2 (scanning direction). Each of the ultrasound trans-
ducer element groups UG1 to UG64 has a plurality of ultra-
sound transducer elements which are arranged along a first
direction D1 (slice direction).

[0143] FIG. 13A illustrates an example of the ultrasound
transducer element groups UG (UG1 to UG64). In FIG. 13A,
the ultrasound transducer element groups UG are configured
by first to fourth element rows. The first element row is
configured by ultrasound transducer elements UE11 to UE18
which are arranged along the first direction D1 and the second
element row is configured by ultrasound transducer elements
UE21 to UE28 which are arranged along the first direction
D1. The same also applies to the third element row (UE31 to
UE38) and the fourth element row (UE41 to UE48). The first
to fourth element rows are commonly connected with the
driving electrode lines DL (DL1 to DL64). In addition, the
ultrasound transducer elements of the first to fourth element
rows are connected with the common electrode lines CL1 to
CL8.

[0144] Then, the ultrasound transducer element groups UG
of FIG. 13A configure one channel of the ultrasound trans-
ducer device. That is, the driving electrode lines DL are
equivalent to the driving electrode lines of one channel and
the transmission signals of one channel from the transmitting
circuit are input to driving electrode lines DL. In addition, the
reception signals of one channel from the driving electrode
lines DL are output from the driving electrode lines DL. Here,
the number of element rows which configure one channel is
not limited to 4 rows as in FIG. 13A and may be less than 4
rows or may be greater than 4 rows. For example, the number
of element rows may be one row as shown in FIG. 13B.
[0145] As shown in FIG. 12, the driving electrode lines
DL1 to D164 (the first to n™ driving electrode lines) are wired
along the first direction D1. A j* (j is an integer where 1<j<n)
driving electrode line DLj (j* channel) among the driving
electrode lines DL1 to DL64 is connected with the first elec-
trode (for example, the lower electrode) which has the ultra-
sound transducer element of a j ultrasound transducer ele-
ment group UG;.
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[0146] 1In the transmitting period where the ultrasound is
emitted, transmission signals VT1 to V164 are supplied to the
ultrasound transducer element via the driving electrode lines
DL1 to DL64. In addition, in the receiving period where the
ultrasound echo signal is received, reception signals VR1 to
VR64 from the ultrasound transducer element are output via
the driving electrode lines DL1 to DL64.

[0147] Thecommon electrode lines CL1 to CL8 (the first to
m” common electrode lines) are wired along the second
direction D2. The second electrode of the ultrasound trans-
ducer element is connected with any of the common electrode
lines CL1 to CL8. In detail, for example, an i” (i is an integer
where 1<i=m) common electrode line CLi among the com-
mon electrode lines CL1 to CL8 is connected with the second
electrode (for example, the upper electrode) which has the
ultrasound transducer element which is arranged in the i
column as shown in FIG. 12.

[0148] A common voltage VCOM is supplied to the com-
mon electrode lines CL1 to CL8. It is sufficient if the common
voltage VCOM is a constant DC voltage, and it is sufficient if
the common voltage VCOM 1is not 0 V, that is, a ground
potential.

[0149] Then, a voltage which is the difference between the
transmission signal voltage and the common voltage is
applied to the ultrasound transducer element and ultrasound
is irradiated at a predetermined frequency in the transmitting
period.

[0150] Here, the arrangement of the ultrasound transducer
elements may be aso-called staggered arrangement or the like
without being limited to the matrix arrangement shown in
FIG. 12.

[0151] In addition, FIG. 11A to FIG. 13B illustrate a case
where one ultrasound transducer element is used as both the
transmission element and the reception element, but the
present embodiment is not limited to this. For example, an
ultrasound transducer element for the transmitting element
and an ultrasound transducer element for the reception ele-
ment may be provided separately and arranged in an array
formation.

9. Ultrasound Measuring Apparatus

[0152] FIG. 14 is a block diagram illustrating an overall
configuration of the ultrasound measuring apparatus (the
ultrasound diagnostic apparatus) of the present embodiment.
The ultrasound measuring apparatus in FIG. 14 includes the
ultrasound transducer device 100 and the integrated circuit
apparatus 110. In addition, it is possible to include a process-
ing apparatus 140. For example, in a case where the ultra-
sound measuring apparatus is used as the ultrasound diagnos-
tic apparatus, it is possible for the ultrasound diagnostic
apparatus to include a display section 190. Here, the ultra-
sound measuring apparatus of the present embodiment is not
limited to the configuration of FIG. 14, and various modifi-
cations which omit a portion of the constituent components,
substitute with other constituent components, add other con-
stituent components, or the like are possible.

[0153] The integrated circuit apparatus 110 includes trans-
mitting circuits 112 (TX1 to TX64), the switching circuit 120,
and the control circuit 130 described above. The integrated
circuit apparatus 110 is a semiconductor IC (a semiconductor
chip) which is formed by, for example, a CMOS process.
[0154] The processing apparatus 140 performs various
types of control processes on the ultrasound measuring appa-
ratus, ultrasound transmission and reception control, and the
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like. The processing apparatus 140 includes the receiving
circuit 150, a transmission and reception control section 160,
an image processing section 170, and a display control sec-
tion 180.

[0155] The receiving circuit 150 performs receiving pro-
cesses and has a plurality of receiving sections RX which are
described in FIG. 6. The receiving sections RX are analog
front-end circuits (AFE) which are provided for each of the
channels. The transmission and reception control section 160
performs various types of control for transmitting and receiv-
ing ultrasound. For example, the transmission and reception
control section 160 performs a control process of a transmis-
sion beam former, a control process of a reception beam
former, and the like. Based on the ultrasound reception sig-
nals (A mode waveform data), the image processing section
170 generates images such as B mode images and performs
various types of imaging processes with regard to the images
which are generated. The display control section 180 per-
forms control for displaying the images or the like which are
generated using the ultrasound reception signals on the dis-
play section 190.

[0156] The ultrasound probe of the present embodiment
includes the ultrasound measuring apparatus. In this case, the
ultrasound probe may include only the ultrasound transducer
device 100 and the integrated circuit apparatus 110 in FIG.
14, or may include the processing apparatus 140 and the
display section 190 in addition to the ultrasound transducer
device 100 and the integrated circuit apparatus 110.

[0157] FIG. 15A to FIG. 15D are diagrams which describe
examples of specific embodiments of the ultrasound measur-
ing apparatus. In FIG. 15A, flexible printed circuits 210 and
212 are connected with regard to the ultrasound transducer
device 100. The integrated circuit apparatus 110 of the
present embodiment is mounted on the flexible printed circut
210. The ultrasound transducer device 100 has a plurality of
terminals (channel terminals) which are arranged along the
long side of the ultrasound transducer device 100 and the
integrated circuit apparatus 110 also has a plurality of termi-
nals (channel terminals) which are arranged along the long
side of the integrated circuit apparatus 110. Then, the plural-
ity of terminals of the ultrasound transducer device 100 and a
plurality of terminals of the integrated circuit apparatus 110
are connected using a plurality of signal lines which are
formed on the flexible printed circut 210. The plurality of
signal lines are wired along a first direction DR1. The inte-
grated circuit apparatus 110 is mounted on the flexible printed
circut 210 such that the direction of the long side of the
integrated circuit apparatus 110 is along a second direction
DR2 which is orthogonal to (intersecting with) the first direc-
tion DRI1.

[0158] Here, the plurality of terminals of the integrated
circuit apparatus 110 are, for example, bump terminals. In
addition, it is possible to realize the mounting of the inte-
grated circuit apparatus 110 on the flexible printed circut 210
by flip chip mounting (bare chip mounting) which uses, for
example, an anisotropic conductive film (ACF) or the like. In
addition, in FIG. 15A, the integrated circuit apparatus 110 is
mounted only on the flexible printed circut 210, but the inte-
grated circuit apparatus 110 may be mounted on both the
flexible printed circuits 210 and 212. For example, a first
integrated circuit apparatus is mounted on the flexible printed
circut 210 and a second integrated circuit apparatus is
mounted on the flexible printed circut 212.
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[0159] Inthis case,inthe ultrasound transducer device 100,
a first terminal group is provided to be electrically connected
via signal lines with a terminal group of the first integrated
circuit apparatus which is mounted on the flexible printed
circut 210 is provided. In addition, a second terminal group is
provided to be connected via signal lines with a terminal
group of the second integrated circuit apparatus which is
mounted on the flexible printed circut 212. Then, the trans-
mission signals from the first integrated circuit apparatus are
input to the first terminal group of the ultrasound transducer
device 100 and the reception signals are output to the first
integrated circuit apparatus from the first terminal group. In
addition, the transmission signals from the second integrated
circuit apparatus are input to the second terminal group of the
ultrasound transducer device 100 and the reception signals
are output to the second integrated circuit apparatus from the
second terminal group.

[0160] FIG. 15B is a cross sectional diagram illustrating a
configuration example of the ultrasound probe 200 of the
present embodiment. In FIG. 15B, the flexible printed circuits
210 and 212 are connected with regard to the ultrasound
transducer device 100 as in FIG. 15A and the integrated
circuit apparatus 110 is mounted on the flexible printed circut
210. An acoustic matching layer (an acoustic lens) 102 is
provided on the surface side of the ultrasound transducer
device 100. A back plate 104 is provided on the rear surface
side of the ultrasound transducer device 100. The ultrasound
transducer device 100 (and the back plate) is supported by a
support member 106 which is attached to circuit substrates
220 and 222.

[0161] The circuit substrates 220 and 222 are, for example,
rigid substrates (print substrates). The circuit substrate 220
and the circuit substrate 222 are connected with signal lines
via a connector 224. Then, the flexible printed circut 210 is
connected with the ultrasound transducer device 100 and the
circuit substrate 220. In addition, the flexible printed circut
212 is connected with the ultrasound transducer device 100
and the circuit substrate 222.

[0162] The circuit substrates 220 and 222 are mounted
with, for example, an IC (an integrated circuit apparatus) or
the like which realizes a portion or all of the processing
apparatus 140 in FIG. 14. For example, an IC or the like which
realizes at least the receiving circuit 150 is mounted on the
circuit substrate 220. In addition, an IC or the like which
realizes the transmission and reception control section 160,
the image processing section 170, and the display control
section 180 is mounted on the circuit substrates 220 and 222.
[0163] Inthis manner, in FIG. 15A and FIG. 15B, since the
integrated circuit apparatus 110 which has the transmitting
circuit 112 and the switching circuit 120 is mounted on the
flexible printed circut 210, it is possible to suppress transmis-
sionloss and the like ofthe transmission signal to a minimum.
On the other hand, it is possible for the receiving circuit 150
which is configured by an analog circuit to realize perfor-
mance maintenance of the analog circuit and a stabilized
analog circuit operation by being mounted on the circuit
substrate 220 which is a rigid substrate.

[0164] InFIG. 15C, the integrated circuit apparatus 110 is
not mounted on the flexible printed circuits 210 and 212, but
the integrated circuit apparatus 110 is mounted on the circuit
substrate 220 as shown in FIG. 15D. Then, the ultrasound
probe 200 (the circuit substrates 220 and 222) is connected
with the body apparatus 250 of the ultrasound measuring
apparatus (the ultrasound diagnostic apparatus) via the cable
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240 (a coaxial cable). That is, FIG. 15B is an example of an
integrated type of probe and body and FIG. 15D is an example
of a separated type of probe and body. The integrated type in
FIG. 15B has an advantage that it is possible to have a com-
pact device configuration. The separated type in FIG. 15D has
an advantage that it is possible to process even processes with
a heavy load using the body apparatus 250. Here, in FIG. 15B
and FIG. 15D, the circuit substrates 220 and 222 have a two
substrate configuration, but the circuit substrates may be con-
figured by one substrate, or may be configured by three or
more substrates.

[0165] FIG. 16A to FIG. 16C are examples of specific
device configurations of the ultrasound measuring appara-
tuses (broadly defined as electronic devices) of the present
embodiment. FIG. 16 A is an example of a hand-held version
of the ultrasound measuring apparatus 400 and FIG. 16B is an
example of a stationary version of the ultrasound measuring
apparatus 400. FIG. 16C is an example of an integrated ver-
sion of the ultrasound measuring apparatus 400 where an
ultrasound probe 300 is built into the body.

[0166] The ultrasound measuring apparatus 400 in FIG.
16A and FIG. 16B includes the ultrasound probe 300 and a
body apparatus 401 and the ultrasound probe 300 and the
body apparatus 401 are connected using a cable 312. The lead
end portion of the ultrasound probe 300 is provided with a
probe head 320 and the body apparatus 401 is provided with
adisplay section 440 which displays images. In FIG. 16C, the
ultrasound probe 300 is built into the ultrasound measuring
apparatus 400 which has the display section 440. In the case
of FIG. 16C, it is possible to realize the ultrasound measuring
apparatus 400 using, for example, a general-purpose portable
information terminal such as a smart phone.

[0167] Here, the present embodiment was described in
detail as above, but a person skilled in the art will easily be
able to understand that numerous modifications are possible
which substantially do not depart from the novel items and
effects of the present invention. Accordingly, the modified
examples are all included in the scope of the present inven-
tion. For example, it is possible to replace the terms (the
transmitting circuits TX1 to TX64, the output nodes NQI1 to
NQ64, the channels CH1 to CH64, the input nodes NI1 to
NI8, and the like) described in the specification or the dia-
grams with different terms with the same or a broader mean-
ing (the first to K transmitting circuits, the first to K* output
nodes, the first to K channels, the first to I.” input nodes, and
the like) at least once in any place in the specification or the
diagrams. In addition, the configuration and the operation of
the integrated circuit apparatus, the ultrasound measuring
apparatus, the ultrasound probe, the ultrasound transducer
device, the ultrasound transducer element, and the like are not
limited to the configurations and the operations which are
described above in the present embodiment, and various
modifications are possible.

General Interpretation of Terms

[0168] Inunderstanding the scope of the present invention,
the term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”

EENYS

Mar. 27,2014

“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts.
Finally, terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed. For example, these terms can be con-
strued as including a deviation of at least +5% of the modified
term if this deviation would not negate the meaning of the
word it modifies.
[0169] Whileonly selected embodiments have been chosen
to illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
according to the present invention are provided for illustra-
tion only, and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.
What is claimed is:
1. An integrated circuit apparatus comprising:
a first transmitting circuit to a K* (where K is an integer of
2 or more) transmitting circuit configured and arranged
to output transmission signals to a first channel to a K™
channel of an ultrasound transducer device having a
plurality of ultrasound transducer elements; and
a switching circuit configured and arranged to perform a
switching operation,
wherein the switching circuit is provided between a receiv-
ing circuit and a first output node to a K™ output node of
the first transmitting circuit to the K” transmitting cir-
cuit,
an operation is performed where signal transfer of the
transmission signals from the first transmitting circuit to
the K” transmitting circuit to the receiving circuit is not
performed in a transmitting period, and
a switching operation is performed where a reception sig-
nal from a channel which is selected from among the first
channel to the K* channel is output to the receiving
circuit in a receiving period.
2. The integrated circuit apparatus according to claim 1,
wherein
the switching circuit is configured and arranged to perform
a switching operation where the plurality of channels
which are a target of linear scanning from among the first
channel to the K* channel are sequentially shifted and
selected in the receiving period in a linear scanning
mode.
3. The integrated circuit apparatus according to claim 2,
wherein
the switching circuit is configured and arranged to output
the reception signal from L (where L is an integer of 2 or
more with [.<K) channels. which are a target of the
linear scanning which are selected from among the first
channel to the K* channel, to a first input node to an L*
input node of the receiving circuit in the receiving period
in the linear scanning mode, and
the switching circuit is configured and arranged to output
the reception signal from the first channel to the K™
channel to the first input node to the K input node of the
receiving circuit in the receiving period in a sector scan-
ning mode.
4. The integrated circuit apparatus according to claim 1,
further comprising
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a control circuit configured and arranged to perform
switching control of the switching circuit,
wherein the switching circuit includes a first switching
element to a K” switching element provided between
the receiving circuit and the first output node to the K*
output node of the first transmitting circuit to the K%
transmitting circuit and are on-off controlled by the con-
trol circuit.
5. The integrated circuit apparatus according to claim 4,
wherein
the first output node to the K output node are grouped into
a first output node group to an M™ output node group
where each of the output node groups is configured by L
output nodes (where L and M are integers of 2 or more
with L<K and M<K),
the first switching element to the K” switching element are
grouped into a first switching element group to an M”
switching element group where each of the switching
element groups is configured by L switching elements,
and
an i” (1=isM) switching element group among the first
switching element group to the M” switching element
group is provided between an i” output node group
among the first output node group to the M” cutput node
group and the first input node to the LL” input node of the
receiving circuit.
6. The integrated circuit apparatus according to claim 5,
wherein
the control circuit is configured and arranged to perform
switching control which turns off the first switching
element to the K” switching element in the transmitting
period, and
the control circuit is configured and arranged to perform
switching control which sequentially shifts and selects L
switching elements which are the target of the linear
scanning from among the first switching element to the
K” switching element and tums on the selected L
switching elements in the receiving period.
7. The integrated circuit apparatus according to claim 5,
further comprising
afirst transmission and reception switching circuit to a K*
transmission and reception switching circuit provided
between the first output node to the K output node and
the first switching element to the K” switching element,
and configured and arranged to set the signal transfer of
the transmission signal from the first transmitting circuit
to the K” transmitting circuit to the receiving circuit to
be not performed in the transmitting period,
wherein the control circuit is configured and arranged to
perform switching control which sequentially shifts and
selects L switching elements which are the target of the
linear scanning from among the first switching element
to the K* switching element and turns on the selected L
switching elements in the receiving period.
8. The integrated circuit apparatus according to claim 6,
further comprising
a first amplification circuit to an L7 amplification circuit
configured and arranged to perform signal amplification
of the reception signal from the selected [ switching
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elements and to output the reception signal after signal
amplification to the first input node to the L* input node
of the receiving circuit.
9. The integrated circuit apparatus according to claim 5,
wherein
the switching circuit includes a scanning mode switching
circuit,
the first switching element to the K switching element are
provided between the first output node to the K* output
node and a first connection node to a K connection
node,
the first connection node to the K” connection node are
grouped into a first connection node group to an M”
connection node group where each of the connection
node groups is configured by [ connection nodes, and
the scanning mode switching circuit is configured and
arranged to perform a switching where each of the con-
nection nodes of the first connection node group are
connected with regard to connection nodes which cor-
respond to each of the connection nodes among the
second connection node group to the M” connection
node group in the linear scanning mode.
10. The integrated circuit apparatus according to claim 1,
wherein
the first transmitting circuit to the K” transmitting circuit
are configured and arranged to output the transmission
signals with regard to the first channel to the K channel
without going through a multiplexer.
11. The integrated circuit apparatus according to claim 1,
wherein
each of the ultrasound transducer elements has
adiaphragm which closes off each opening of a plurality
of openings formed in a substrate, and
a piezoelectric element section provided with a lower
electrode, an upper electrode, and a piezoelectric film
provided on the diaphragm.
12. An ultrasound measuring apparatus comprising
the integrated circuit apparatus according to claim 1.
13. The ultrasound measuring apparatus according to claim
12, wherein
the integrated circuit apparatus is mounted on a flexible
printed substrate connected with the ultrasound trans-
ducer device.
14. The ultrasound measuring apparatus according to claim
13, further comprising
a printed circuit board where a receiving circuit is
mounted,
wherein the flexible printed substrate is connected with the
ultrasound transducer device and the printed circuit
board.
15. An ultrasound probe comprising
the ultrasound measuring apparatus according to claim 12.
16. An ultrasound diagnostic apparatus comprising:
the ultrasound measuring apparatus according to claim 12;
and
a display section configured and arranged to display an
image.
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