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(57) ABSTRACT

A head unit for an ultrasonic probe includes a connecting
section, an element chip, and a storing section. The connect-
ing section is configured to electrically connect the head unit
to a probe main body of the ultrasonic probe. The element
chip includes an ultrasonic element array and configured to be
electrically connected to a programmable gain amplifier of
the probe main body through the connecting section. The
storing section is configured to store gain setting information
for setting a gain of the programmable gain amplifier. The
storing section is configured to output the gain setting infor-
mation to a processing device of the probe main body through
the connecting section, and the processing device is config-
ured to set the gain of the programmable gain amplifier based
on the gain setting information.
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HEAD UNIT, ULTRASONIC PROBE,
ELECTRONIC INSTRUMENT, AND
DIAGNOSTIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. patent application Ser. No. 13/774,270 filed on Feb. 22,
2011. This application claims priority to Japanese Patent
Application No. 2012-038362 filed on Feb. 24, 2012. The
entire disclosures of U.S. patent application Ser. No. 13/774,
270 and Japanese Patent Application No. 2012-038362 are
hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a head unit, an ultra-

sonic probe, an electronic instrument, and a diagnostic
device.

[0004] 2. Related Art

[0005] An ultrasonic diagnostic device for testing the
inside of a human body, for example, has been known as a
device in which ultrasonic waves are emitted toward a target
and reflected waves are received from the boundary between
different acoustic impedances inside the target. In Japanese
Laid-Open Patent Publication No. 2007-142555, a technique
in which ultrasonic beams are emitted by arranging piezo-
electric elements in a matrix array pattern has been disclosed
as an ultrasonic probe used for an ultrasonic diagnostic
device.

[0006] This technique, however, has a problem that a user
has to configure operation settings of a processing device and
the like in the probe in a case where the probe is replaced
depending on a different target to be diagnosed.

SUMMARY

[0007] According to some aspects of the present invention,
a replaceable head unit which can automatically configure
operation settings, an ultrasonic probe, an electronic instru-
ment, a diagnostic device, and the like are provided.

[0008] According to one aspect of the invention, the head
unit for an ultrasonic probe includes a connecting section, an
element chip, and a storing section. The connecting section is
configured to electrically connect the head unit to a probe
main body of the ultrasonic probe. The element chip includes
an ultrasonic element array and configured to be electrically
connected to a programmable gain amplifier of the probe
main body through the connecting section. The storing sec-
tion is configured to store a gain setting information for set-
ting gain of the programmable gain amplifier. The storing
section is configured to output the gain setting information to
a processing device of the probe main body through the
connecting section, and the processing device is configured to
set the gain of the programmable gain amplifier based on the
gain setting information.

[0009] According to one aspect of the invention, the storing
section stores the gain setting information further for setting
gain of a low noise amplifier of an analog front-end section of
the processing device as an operation setting information of
the processing device to be output to the processing device
through the connecting section.

[0010] According to one aspect of the invention, the storing
section is configured to store frequency characteristic setting
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information for setting frequency characteristics of a low-
pass filter of the analog front-end section as the operation
setting information.

[0011] According to one aspect of the invention, the storing
section is configured to store an operation setting information
of'the processing device to be output to the processing device
through the connecting section corresponding to a probe tar-
get of the ultrasonic probe.

[0012] According to one aspect of the invention, the opera-
tion setting information corresponding to the probe target of
the ultrasonic probe corresponds to one of ultrasonic diagno-
sis image processing and blood pressure measurement pro-
cessing.

[0013] According to one aspect of the invention, the head
unit further comprises a supporting member supporting the
element chip and the storing section.

[0014] According to one aspect of the invention, the con-
necting section has a plurality of connecting terminals con-
nected to the probe main body, the storing section and the
connecting terminals are disposed on a first surface side of the
supporting member, and the element chip is supported on a
second surface side of the supporting member, the second
surface being a reverse surface of the first surface of the
supporting member.

[0015] According to one aspect of the invention, the con-
necting section has a connector including the connecting
terminals and a flexible printed circuit board including wiring
connecting the connector and the element chip, and the stor-
ing section is disposed in the flexible printed circuit board.
[0016] According to one aspect of the invention, an ultra-
sonic probe comprises the probe main body and the head unit
according to the one aspect of the invention, the head unit
being removably coupled to the probe main body.

[0017] According to one aspect of the invention, the probe
main body includes a processing device having an analog
front-end section configured to perform signal processing to
a signal received from the ultrasonic element array, a trans-
mitting section configured to output a driving signal to the
ultrasonic element array, and a controlling section configured
to control the analog front-end section and the transmitting
section, the controlling section being configured to set opera-
tions of the analog front-end section and the transmitting
section based on the operation setting information read out
from the storing section of the head unit.

[0018] According to one aspect of the invention, the fre-
quency characteristic setting information has a value of cutoff
frequency.

[0019] According to another aspect of the invention, the
electronic instrument comprises the head unit according to
the one aspect of the invention.

[0020] According to another of the invention, a diagnostic
device comprises the head unit according to the one aspect of
the invention, and a display section configured to display
image data.

[0021] According to another aspect of the invention, an
electronic instrument comprises the head unit according to
the one aspect of the invention, and the probe main body, and
the head unit is removably coupled to the probe main body.
[0022] According to another aspect of the invention, a diag-
nostic device comprises the head unit according to the one
aspect of the invention, the probe main body, and a display
section configured to display image data, and the head unit is
removably coupled to the probe main body.
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[0023] According to another aspect of the invention, a
probe main body for an ultrasonic probe comprises a connect-
ing section configured to electrically connect the probe main
body to a head unit of the ultrasonic probe, a programmable
gain amplifier configured to be electrically connected to an
element chip including an ultrasonic element array of the
head unit through the connection section; and a processing
device configured to receive a gain setting information from a
storing section of the head unit through the connection sec-
tion, the processing device being configured to setting a gain
of the programmable gain amplifier based on the gain set
information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Referring now to the attached drawings which form
a part of this original disclosure:

[0025] FIG. 1A and FIG. 1B show an example of a basic
configuration of an ultrasonic transducer element.

[0026] FIG.2 shows a first example of a configuration of an
element chip.
[0027] FIG. 3 shows a second example of the configuration

of the element chip.

[0028] FIG. 4 shows a first example of a configuration of a
head unit.
[0029] FIG. 5 shows a second example of the configuration

of the head unit.

[0030] FIG. 6A, FIG. 6B, and FIG. 6C show the details of
the second example of the configuration of the head unit.
[0031] FIG.7A and FIG. 7B show an example of a configu-
ration of an ultrasonic probe.

[0032] FIG. 8 shows an example of a basic configuration of
a processing device.

[0033] FIG. 9 shows an example of operation settings cor-
responding to ultrasonic diagnosis image processing and
blood pressure measurement processing.

[0034] FIG. 10 shows an example of a basic configuration
of an electronic instrument.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] Next, preferred embodiments of the present inven-
tion will be explained in detail. The embodiments explained
below shall not be construed as unreasonably limiting the
subject matter of the present invention described in the
claims, and all the elements explained in the embodiments are
not necessarily essential to the solving means of the present
invention.

1. Ultrasonic Transducer Element

[0036] FIG.1 A and FIG. 1B show an example of a basic
configuration of an ultrasonic transducer element (ultrasonic
element) UE that is included in a head unit according to the
present embodiment. The ultrasonic transducer element UE
according to the present embodiment includes a first elec-
trode layer EL1, a piezoelectric body layer PE, a second
electrode layer EL.2, a membrane (supporting member) MB,
and a cavity region (cavity section) CAV. The ultrasonic trans-
ducer element UE according to the present embodiment is not
limited to the configuration of FIG. 1, and various changes
and modifications are possible. For example, a part of its
components can be omitted or replaced with other compo-
nents, or other components can be added.
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[0037] FIG. 1A is a plan view of the ultrasonic transducer
element UE formed on a substrate (silicon substrate) SUB,
seen from a direction perpendicular to the substrate on a side
where the element is formed. FIG. 1B is a sectional view
along line A-A' of FIG. 1A.

[0038] The first electrode layer EL1 is formed on an upper
layer of the membrane MB as a metal thin film, for example.
The first electrode layer (lower electrode layer) EL.1 may be a
wiring extended outside a region in which the element is
formed as shown in FIG. 1A, and connected to the adjacent
ultrasonic transducer element UE.

[0039] The piezoelectric body layer PE is formed of a PZT
(piezoelectric zirconate titanate) thin film, for example. The
piezoelectric body layer PE is arranged to cover at least a part
of'the first electrode layer EL1. The material of the piezoelec-
tric body layer PE is not limited to PZT. Lead titanate (Pb-
Ti0O,), lead zirconate (PbZrO,), lead lanthanum titanate ((Pb,
La)Ti0,), or the like may be used.

[0040] The second electrode layer (upper electrode layer)
EL2 is formed of a metal thin film, for example, and is
arranged to cover at least a part of the piezoelectric body layer
PE. The second electrode layer E1.2 may be a wiring extended
outside the region in which the element is formed as shown in
FIG. 1A, and connected to the adjacent ultrasonic transducer
element UE.

[0041] The membrane MB is provided on an upper layer of
the cavity region CAV with a two-layer configuration made of
an SiO, thin film and a ZrO, thin film, for example. The
membrane MB supports the piezoelectric body layer PE, the
first electrode layer EL.1 and the second electrode layer EL.2.
The membrane MB vibrates in accordance with expansion
and contraction of the piezoelectric body layer PE so as to
generate ultrasonic waves.

[0042] The cavity region CAV is formed from a reverse
surface (in which no element is formed) of the silicon sub-
strate SUB by etching such as reactive ion etching (RIE).
Ultrasonic waves are emitted from an opening OP of the
cavity region CAV.

[0043] A firstelectrode of the ultrasonic transducer element
UE is formed of the first electrode layer ELL1, and a second
electrode of the ultrasonic transducer element UE is formed
of'the second electrode layer EL.2. More specifically, a part of
the first electrode layer EL1 that is covered by the piezoelec-
tric body layer PE forms the first electrode, and a part of the
second electrode layer EL2 that covers the piezoelectric body
layer PE forms the second electrode. In other words, the
piezoelectric body layer PE is sandwiched by the first elec-
trode and the second electrode.

[0044] The piezoelectric body layer PE expands or con-
tracts in an in-plane direction when a voltage is applied
between the first electrode and the second electrode, that is,
between the first electrode layer ELL1 and the second electrode
layer EL2. One surface of the piezoelectric body layer PE is
attached to the membrane MB through the first electrode
layer EL1. Although the second electrode layer EL.2 is formed
on the other surface of the piezoelectric body layer PE, no
other layer is formed on the second electrode layer EL2.
Therefore, the piezoelectric body layer PE is difficult to
expand or contract on the membrane MB side, and the piezo-
electric body layer PE is easy to expand or contract on the
second electrode layer EL.2 side. Accordingly, when a voltage
is applied to the piezoelectric body layer PE, convex warpage
occurs on the cavity region CAV side, which causes the mem-
brane MB to warp. When an alternating-current voltage is
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applied to the piezoelectric body layer PE, the membrane MB
vibrates in a film thickness direction, and ultrasonic waves are
emitted from the opening OP by the vibration of the mem-
brane MB. The voltage applied to the piezoelectric body layer
PE is 10-30 V, for example. The frequency is 1-10 MHz, for
example.

2. Element Chip

[0045] FIG. 2 shows a first example of a configuration of an
element chip 200 included in the head unit according to the
present embodiment. The element chip 200 of the first
example includes an ultrasonic element array UAR. The
ultrasonic element array UAR has a substrate in which a
plurality of openings are provided in an array pattern, and the
plurality of ultrasonic transducer elements UE, each ultra-
sonic transducer element being provided in each opening of
the plurality of openings. The ultrasonic element array UAR
further includes first-n” (“n” is an integer of 2 or more) signal
lines .X1-LXn, and first-m” (“m” is an integer of 2 or more)
common electrode lines LY1-LYm. The element chip 200
further includes first-n” signal terminals X1-Xn and a com-
mon terminal COM. FIG. 2 shows a case where “m” is 8 and
“n” is 12 as an example, but other values are possible. The
element chip 200 according to the present embodiment is not
limited to the configuration of FIG. 2, and various changes
and modifications are possible. For example, a part of its
components can be omitted or replaced with other compo-
nents, or other components can be added.

[0046] The ultrasonic element array UAR includes the plu-
rality of ultrasonic transducer elements (ultrasonic element)
UE provided in a matrix array pattern (array pattern in a broad
sense) of “m” rows and “n” columns, for example. The ultra-
sonic transducer elements UE can be configured as shown in
FIGS. 1A and 1B. More specifically, as shown in FIG. 2, the
ultrasonic transducer elements UE of first-eighth (m” in a
broad sense) rows are arranged in a third direction D3, and the
ultrasonic transducer elements UE of first-twelfth (n” in a
broad sense) columns are arranged in a first direction D1
perpendicular to the third direction D3. In the following
explanations, in order to specify a position of the ultrasonic
transducer element UE in the array, the ultrasonic transducer
element UE positioned in the fourth row and the sixth column
is described as UE46, for example.

[0047] The arrangement of the ultrasonic transducer ele-
ment (ultrasonic element) UE is not limited to the matrix
pattern of the “m” rows and “n” columns shown in FIG. 2. For
example, the so-called zigzag pattern in which an “m” num-
ber of ultrasonic transducer elements are arranged in an odd
number column and an “m-1" number of ultrasonic trans-
ducer elements are arranged in an even number column may
be used.

[0048] The first-eighth (m” in a broad sense) common elec-
trode lines LY 1-LY8 are arranged along the first direction D1
or a second direction D2 in the ultrasonic element array UAR.
The i”” common electrode line LYi (“i” is an integer satisfying
1=i<8) of the first-eighth common electrode lines LY1-LY8 is
connected to one of the first electrode and the second elec-
trode of each ultrasonic transducer element UE arranged in
the i row of the ultrasonic element array UAR.

[0049] The first-twelfth (0™ in a broad sense) signal lines
LX1-L.X12 are arranged along the third direction D3 or a
fourth direction D4 in the ultrasonic element array UAR. The
1. signal line LXj (“” is an integer satistying 1=j=12) of the
first-twelfth signal lines LX1-1.X12 is connected to the other
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of the first electrode and the second electrode of each ultra-
sonic transducer element UE arranged in the j column of the
ultrasonic element array UAR.

[0050] Specifically, for example, regarding the ultrasonic
transducer element UE11 shown in FIG. 2, the first electrode
is connected to the signal line LX1, and the second electrode
is connected to the common electrode line LY1. Also, for
example, regarding the ultrasonic transducer element UE46
shown in FIG. 2, the first electrode is connected to the sixth
signal line [.X6, and the second electrode is connected to the
fourth common electrode line LY 4.

[0051] The first-twelfth signal terminals X1-X12 (n” in a
broad sense) are arranged on a side of the third direction D3
of the element chip 200, for example, and the first-twelfth
signal lines L.X1-1.X12 are connected thereto. During a trans-
mission period of emitting ultrasonic waves, a driving signal
for driving the ultrasonic transducer element UE is input to
the signal terminals X1-X12. During a reception period of
receiving an ultrasonic echo signal, a received signal from the
ultrasonic transducer element UE is output from the signal
terminals X1-X12.

[0052] The common terminal COM is arranged on a side of
the third direction D3, for example, and the first-eighth com-
mon electrode lines LY1-L'Y8 are commonly connected
thereto. A common voltage is supplied to the common termi-
nal COM. It is sufficient that the common voltage is a prede-
termined direct voltage, and it is not necessary to be 0V, that
is, a ground potential.

[0053] FIG. 3 shows a second example of the configuration
of'the element chip 200 included in the head unit according to
the present embodiment. The element chip 200 of the second
example includes the ultrasonic element array UAR, the first-
n” (“n” is an integer of 2 or more) signal lines 1. X1-LXn, the
first-m™ (“m” is an integer of 2 or more) common electrode
lines LY1-LYm, the first-n™ signal terminals X1-Xn (first
group of chip terminals in a broad sense) on a first side,
first-n” signal terminals X1'-Xn' (second group of chip ter-
minals in a broad sense) on a second side, and the common
terminal COM. FIG. 3 shows a case where “m”is 8 and “n” is
12 as an example, but other values are possible. The element
chip 200 according to the present embodiment is not limited
to the configuration of FIG. 3, and various changes and modi-
fications are possible. For example, a part of its components
can be omitted or replaced with other components, or other
components can be added.

[0054] The ultrasonic element array UAR, the first-eighth
(m” in a broad sense) common electrode lines LY1-LY8, and
the common terminal COM are similar to those of the first
example (FIG. 2). Here, therefore, the detailed explanations
are omitted.

[0055] The first-twelfth (n” in a broad sense) signal lines
LX1-L.X12 are arranged along the third direction D3 or the
fourth direction D4 in the ultrasonic element array UAR. One
ends ofthe signal lines .X1-1.X12 are connected to the signal
terminals X1-X12 arranged on a side of the first side (side on
the third direction D3 side) of the element chip 200, and the
other ends are connected to the signal terminals X'-X12'
arranged on a side of the second side (side on the fourth
direction D4 side) of the element chip 200 opposite to the first
side.

[0056] The first-twelfth (n™ in a broad sense) signal termi-
nals X1-X12 on the side of the first side are arranged on the
side of the first side (side on the third direction D3 side) of the
element chip 200, and one ends of the signal lines L X1-[.X12
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are connected thereto. The first-n,, signal terminals X1'-n' on
the side of the second side are arranged on the side of the
second side (side on the fourth direction D4 side) of the
element chip 200 opposite to the first side, and the other ends
of the signal lines L.X 1-1.X12 are connected thereto.

[0057] A driving signal for driving the plurality of ultra-
sonic transducer element UE is input to the signal terminals
X1-X12 arranged on the side of the first side of the element
chip 200 and the signal terminals X1'-X12' arranged on the
side of the second side of the element chip 200. With this,
compared to a case where a driving signal is input to only one
end of the signal lines L.X1-1.X12, decrease in the driving
signal voltage due to the wiring resistance of the signal lines
LX1-LX12 can be reduced, and thus higher radiation inten-
sity (radiated sound pressure) can be obtained.

[0058] The element chip 200 of the present embodiment
was explained with reference to FIG. 2 and FIG. 3, but the
arrangement of the signal terminals and the common terminal
is not limited to one shown in FIG. 2 and FIG. 3. For example,
the common terminal may be arranged on the first direction
D1 side of the signal terminals X1-X12, or may be arranged
on the first direction D1 side or on the second direction D2
side of the signal terminals X1'-X12' on the side of the second
side.

3. Head Unit

[0059] FIG. 4 shows a first example of a configuration of a
head unit 220 according to the present embodiment. The head
unit 220 of the first example includes the element chip 200, a
connecting section 210, a storing section 100, and a support-
ing member SUP. The head unit 220 according to the present
embodiment is not limited to the configuration of FIG. 4, and
various changes and modifications are possible. For example,
apart of its components can be omitted or replaced with other
components, or other components can be added.

[0060] As for the element chip 200, the element chip of the
first example shown in FIG. 2 can be used. As described
above, the element chip 200 includes the ultrasonic element
array UAR, the signal lines [.X1-[.X 12, the common elec-
trode lines LY1-LY8, the signal terminals X1-X12, and the
common terminal COM. The element chip 200 is electrically
connected to a processing device of a probe main body
through the connecting section 210.

[0061] Theconnecting section 210 electrically connects the
probe main body and the head unit 220. The connecting
section 210 has a connector CN that has a plurality of con-
necting terminals connected to the probe main body, and a
flexible printed circuit board FP on which a wiring connecting
the connector CN and the element chip 200 is formed. With
the connecting section 210, the probe main body and the head
unit 220 can be electrically connected, and the head unit 220
can be removable with respect to the probe main body.
[0062] The connector CN has the plurality of connecting
terminals connected to the signal terminals X1-X12 and the
common terminal COM through the wiring formed on the
flexible printed circuit board FP, and a memory connecting
terminal connected to a memory terminal (not shown in the
drawing) of the storing section 100.

[0063] The storing section 100 is disposed on the flexible
printed circuit board FP, and stores operation setting infor-
mation of the processing device to be output to the processing
device through the connecting section 210. The storing sec-
tion 100 has the memory terminal (not shown in the drawing),
and the memory terminal is connected to the memory con-
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necting terminal of the connector CN through the wiring
formed on the flexible printed circuit board FP. The process-
ing device configures settings on processing of transmitting
and receiving ultrasonic waves based on the operation setting
information read out from the storing section 100. The details
of'the processing device and the operation setting information
will be described later.

[0064] The supporting member SUP is a member for sup-
porting the element chip 200 and the storing section 100. As
described below, the storing section 100 and a plurality of
connecting terminals are arranged on a first surface side of the
supporting member SUP. The element chip 200 is supported
on a second surface side of the supporting member SUP. The
second surface is a reverse surface of the first surface. The
detailed configurations of the element chip 200, the connect-
ing section 210, and the supporting member SUP will be
described later.

[0065] FIG. 5 shows a second example of the configuration
of the head unit 220 according to the present embodiment.
Thehead unit 220 of the second example includes the element
chip 200, the connecting section 210, the storing section 100,
and the supporting member SUP. The head unit 220 according
to the present embodiment is not limited to the configuration
of FIG. 5, and various changes and modifications are pos-
sible. For example, a part of its components can be omitted or
replaced with other components, or other components can be
added.

[0066] As for the element chip 200, the element chip of the
second example shown in FIG. 3 can be used. As described
above, the element chip 200 includes the ultrasonic element
array UAR, the signal lines L.X1-[.X12, the common elec-
trode lines LY1-LY8, the signal terminals X1-X12 (first
group of chip terminals in a broad sense), the signal terminals
X1'-X12' (second group of chip terminals in a broad sense),
and the common terminal COM. The element chip 200 is
electrically connected to the processing device of the probe
main body through the connecting section 210.

[0067] Theconnecting section 210 electrically connects the
probe main body and the head unit 220. The connecting
section 210 has the connector CN that has the plurality of
connecting terminals, and the flexible printed circuit board FP
on which the wiring connecting the connector CN and the
element chip 200 is formed. Specifically, the connecting sec-
tion 210 has a first connector CN1 and a second connector
CN2 as the connector, and also has a first flexible printed
circuit board FP1 and a second flexible printed circuit board
FP2 as the flexible printed circuit board.

[0068] Inthe first flexible printed circuit board FP1, there is
provided a first group of wirings that connects the first group
of chip terminals X1-X12 on the side of the first side (side on
the third direction D3 side in FIG. 3) of the element chip 200
to the first connector CN1. Also, in the second flexible printed
circuit board FP2, there is provided a second group of wirings
that connects the second group of chip terminals X1'-X12'
arranged on the side of the second side (side on the fourth
direction D4 side in FIG. 3) of the element chip 200 opposite
to the first side to the second connector CN2.

[0069] The connector CN1 has the plurality of connecting
terminals where a signal of the first group of chip terminals
X1-X12 is input or output through the first group of wirings
formed on the flexible printed circuit board FP1, and the
memory connecting terminal where a signal of the memory
terminal (not shown in the drawing) of the storing section 100
is input or output. The connector CN2 has the plurality of
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connecting terminals where a signal of the second group of
chip terminals X1'-X12' is input or output through the second
group of wirings formed on the flexible printed circuit board
FP2.

[0070] The connecting section 210 is not limited to the
configuration of FIG. 5. The connecting section 210 may have
afirst group of connecting terminals where a signal of the first
group of chip terminals arranged on the side of the first side of
the element chip 200 is input or output, and a second group of
connecting terminals where a signal of the second group of
chip terminals arranged on the side of the second side of the
element chip 200 opposite to the first side is input or output.
[0071] With the connecting section 210, the probe main
body and the head unit 220 can be electrically connected, and
the head unit 220 can be removable with respect to the probe
main body.

[0072] The storing section 100 is disposed on the flexible
printed circuit board FP1, and stores the operation setting
information of the processing device of the probe main body
to be output to the processing device through the connecting
section 210. The storing section 100 has the memory terminal
(not shown in the drawing), and the memory terminal is
connected to the memory connecting terminal of the connec-
tor CN1 through the first group of wirings formed on the
flexible printed circuit board FP1. The processing device
configures settings on processing of transmitting and receiv-
ing ultrasonic waves based on the operation setting informa-
tion read out from the storing section 100. The details of the
processing device and the operation setting information will
be described later.

[0073] The storing section 100 may be disposed on the
second flexible printed circuit board FP2, and the memory
terminal may be connected to the memory connecting termi-
nal of the connector CN2 through the second group of wirings
formed on the flexible printed circuit board FP2.

[0074] The supporting member SUP is a member for sup-
porting the element chip 200 and the storing section 100. As
described below, the storing section 100 and the plurality of
connecting terminals are arranged on the first surface side of
the supporting member SUP. The element chip 200 is sup-
ported on the second surface side of the supporting member
SUP. The second surface is a reverse surface of the first
surface. The detailed configurations of the element chip 200,
the connecting section 210, and the supporting member SUP
will be described later.

[0075] FIG. 6A, FIG. 6B, and FIG. 6C show the details of
the second example of the configuration of the head unit 220
according to the present embodiment. FIG. 6A shows the
second surface SF2 side of the supporting member SUP, FIG.
6B shows the first surface SF1 side of the supporting member
SUP, and FIG. 6C shows a side surface side of the supporting
member SUP. The head unit 220 according to the present
embodiment is not limited to the configuration of FIG. 6A,
FIG. 6B, and F1G. 6C, and various changes and modifications
are possible. For example, a part of its components can be
omitted or replaced with other components, or other compo-
nents can be added.

[0076] The connectors CN1, CN2 (connecting terminals in
abroad sense) and the storing section 100 are arranged on the
first surface SF1 side of the supporting member SUP. One
ends of the flexible printed circuit boards FP1, FP2 are con-
nected to the connectors CN1, CN2, respectively. The storing
section 100 is provided on the flexible printed circuit board
FP1. Circuits such as preamplifiers PA1, PA2 may be pro-
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vided on the flexible printed circuit boards FP1, FP2. The
connectors CN1, CN2 are configured to be removable with
respect to the corresponding connectors of the probe main
body.

[0077] The element chip 200 is supported on the second
surface SF2 side of the supporting member SUP. The second
surface SF2 is a reverse surface of the first surface SF1. The
other ends of the flexible printed circuit boards FP1, FP2 are
connected to the terminals of the element chip 200. A fixing
member HL is provided in each corner portion of the support-
ing member SUP, and is used for fixing the head unit 220 to a
probe case.

[0078] Thefirst surface side of the supporting member SUP
refers to a normal direction side of the first surface SF1 of the
supporting member SUP, and the second surface side of the
supporting member SUP refers to a normal direction side of
the second surface SF2 that is a reverse surface of the first
surface SF1 of the supporting member SUP. The expression
that “provided on the first (second) surface side” includes
“provided in contact with the first surface SF1 (the second
surface SF2)” and “provided through another member”.
[0079] As shown in FIG. 6C, a protective member (protec-
tive film) PF for protecting the element chip 200 is provided
in a reverse surface of the element chip 200 (surface in which
the opening OP is provided in FIG. 1B).

4. Ultrasonic Probe

[0080] FIG.7A and FIG. 7B show an example of a configu-
ration of an ultrasonic probe 300 according to the present
embodiment. FIG. 7A shows a case where a probe head 310
is mounted to a probe main body 320, and FIG. 7B shows a
case where the probe head 310 is separated from the probe
main body 320.

[0081] The probe head 310 includes the head unit 220, a
contact member 230 that contacts a material to be tested, and
a probe case 240 for storing the head unit 220. The element
chip 200 is provided between the contact member 230 and the
supporting member SUP.

[0082] The probe main body 320 has a processing device
330 and a probe main body side connector CNb. The process-
ing device 330 has a transmitting section TX, an analog
front-end section AFE, and a controlling section CTL. Based
on control of the controlling section CTL, the transmitting
section TX conducts processing of transmitting a driving
signal for driving the ultrasonic transducer element, and the
analog front-end section AFE conducts processing of receiv-
ing an ultrasonic echo signal (received signal) from the ultra-
sonic transducer element.

[0083] The controlling section CTL controls the transmit-
ting section TX and the analog front-end section AFE. Spe-
cifically, the controlling section CTL sets operations of the
transmitting section TX and the analog front-end section AFE
based on the operation setting information read out from the
storing section 100. The probe main body side connector CNb
is connected to a head unit (or probe head) side connector
CNa. The probe main body 320 is connected to a main elec-
tronic instrument (for example, ultrasonic diagnostic device)
through a cable CB.

[0084] Although the head unit 220 is stored in the probe
case 240, the head unit 220 can be removed from the probe
case 240. With this, only the head unit 220 can be replaced. It
is also possible to replace in a state of being stored in the probe
case 240, that is, as the probe head 310.
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[0085] FIG. 8 shows an example of a basic configuration of
the processing device 330 according to the present embodi-
ment. The processing device 330 has the transmitting section
TX, the analog front-end section AFE, a multiplexer MUX, a
transmission/reception switching section T/R_SW, and the
controlling section CTL. The processing device 330 accord-
ing to the present embodiment is not limited to the configu-
ration of FIG. 8, and various changes and modifications are
possible. For example, a part of its components can be omit-
ted or replaced with other components, or other components
can be added.

[0086] During a transmission period, the transmitting sec-
tion TX generates a driving signal (pulse) for driving the
ultrasonic transducer element UE and outputs the driving
signal to the ultrasonic element array UAR based on control
of'the controlling section CTL. The frequency and the voltage
of'the driving signal can be set by the controlling section CTL.
[0087] The multiplexer MUX conducts channel switching
for distributing the driving signal output from the transmitting
section TX to each of the signal lines LX1-1.X 12.

[0088] The transmission/reception switching section T/R_
SW makes the multiplexer MUX and the analog front-end
section AFE disconnected during a transmission period, and
makes the multiplexer MUX and the analog front-end section
AFE connected during a reception period. Consequently, a
driving signal can be prevented from being input to the analog
front-end section AFE during a transmission period, and a
received signal (ultrasonic echo signal) can be input to the
analog front-end section AFE during a reception period.
[0089] The analog front-end section AFE conducts pro-
cessing of receiving a signal from the ultrasonic element array
UAR. The analog front-end section AFE includes a low noise
amplifier LNA, a voltage control attenuator VCAT, a pro-
grammable gain amplifier PGA, a low-pass filter LPF, and an
analog-digital converter ADC. A received signal from the
ultrasonic element array UAR is amplified by the low noise
amplifier LNA, and is adjusted to be an appropriate signal
level by the voltage control attenuator VCAT and the pro-
grammable gain amplifier PGA. After an unnecessary fre-
quency component is removed by the low-pass filter LPF, the
signal is converted into digital data by the analog-digital
converter ADC and output as received data.

[0090] The gain of the low noise amplifier LNA and the
programmable gain amplifier PGA can be set by the control-
ling section CTL. Further, the attenuation amount of the volt-
age control attenuator VCAT, the frequency characteristics
(forexample, cutoft frequency) of the low-pass filter LPF, and
the sampling clock frequency of the analog-digital converter
ADC can be set by the controlling section CTL.

[0091] The controlling section CTL sets the operations of
the analog front-end section AFE and the transmitting section
TX based on the operation setting information read out from
the storing section 100 of the head unit 220. The storing
section 100 stores gain setting information that sets the gain
of at least one of the low noise amplifier LNA and the pro-
grammable gain amplifier PGA of the analog front-end sec-
tion AFE as the operation setting information. The controlling
section CTL sets the gain of at least one of the low noise
amplifier LNA and the programmable gain amplifier PGA
based on the gain setting information read out from the stor-
ing section 100. The storing section 100 stores frequency
characteristic setting information that sets the frequency char-
acteristics of the low-pass filter LPF of the analog front-end
section AFE as the operation setting information. The con-
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trolling section CTL sets the frequency characteristics (for
example, cutoft frequency) of the low-pass filter LPF based
on the frequency characteristic setting information read out
from the storing section 100. The controlling section CTL can
be implemented by an FPGA (Field-Programmable Gate
Array) or a CPLD (Complex Programmable Logic Device),
for example.

[0092] The storing section 100 can store the operation set-
ting information corresponding to a probe target of the ultra-
sonic probe 300. Specifically, the operation setting informa-
tion corresponding to a probe target is operation setting
information corresponding to ultrasonic diagnosis image pro-
cessing or operation setting information corresponding to
blood pressure measurement processing. More specifically,
operation setting information corresponding to ultrasonic
diagnosis image processing can be stored in the storing sec-
tion 100 of the first head unit 220, and operation setting
information corresponding to blood pressure measurement
processing can be stored in the storing section 100 of the
second head unit 220. Consequently, in a case where the first
head unit is attached, the controlling section CTL can set the
operations of the analog front-end section AFE and the trans-
mitting section TX corresponding to ultrasonic diagnosis
image processing. In a case where the second head unit is
attached, the controlling section CTL can set the operations of
the analog front-end section AFE and the transmitting section
TX corresponding to blood pressure measurement process-
ing.

[0093] As described above, according to the head unit and
the ultrasonic probe of the present embodiment, the operation
setting information corresponding to a probe target can be
stored in the storing section 100, and the operation settings of
transmission processing and reception processing can be con-
figured based on the operation setting information. Therefore,
operation settings suitable for the use (target to be diagnosed)
of the attached head unit can be automatically configured
when the head unit is replaced.

[0094] The storing section 100 may store, for example, ID
information (manufacturing information) of the element chip
200 or usage history of the head unit as well as the operation
setting information. This can achieve appropriate mainte-
nance or quality assurance.

[0095] FIG. 9 shows an example of operation settings cor-
responding to ultrasonic diagnosis image processing (ultra-
sonic echo image processing) and blood pressure measure-
ment processing.

[0096] As shown in FIG. 9, since the measurement depth is
as large as 3-30 cm in ultrasonic diagnosis image processing,
ultrasonic waves are transmitted at a driving frequency of 3.5
MHz, for example. In order to obtain an echo image, the
scanning mode is set to be sector scanning. When an echo is
received, the receiving sensitivity corresponding to the mea-
surement depth can be obtained by changing the attenuation
amount with respect to the measurement time. Also, both of
high display quality of an echo image and low power con-
sumption can be achieved by adjusting the sampling clock
frequency in the analog-digital converter ADC to be around
40 MHz.

[0097] On the other hand, in blood pressure measurement
processing, the blood flow is measured at a shallow location
of 1 cm or less from the surface layer in a part for blood
pressure measurement such as a wrist. In order to capture the
movement of a blood vessel whose diameter is around several
millimeters, the resolution is obtained by adjusting the driv-
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ing frequency as high as around 10 MHz. In this instance,
since the length of penetration into the inside of a body
becomes small due to the high frequency of ultrasonic waves,
the voltage magnitude is increased to be around 20 V. Unlike
in the case of displaying an echo image, the data update
interval may be long. Therefore, the transmission interval of
ultrasonic waves can be made long. In the reception, since the
position of the blood vessel does not change, there is no need
to make the attenuation amount variable. In order to measure
the time change of the blood vessel diameter in detail, the
sampling clock frequency in the analog-digital converter
ADC is adjusted to be around 50 MHz.

[0098] The driving frequency and the voltage magnitude
are set by the operation settings of the transmitting section TX
configured by the controlling section CTL based on the
operation setting information stored in the storing section
100. Similarly, the scanning mode is adjusted by the operation
settings of the multiplexer MUX, the attenuation amount is
adjusted by the operation settings of the voltage control
attenuator VCAT, the gain is adjusted by the operation set-
tings of the programmable gain amplifier PGA, the intercep-
tion frequency is adjusted by the operation settings of the
low-pass filter LPF, and the sampling clock frequency is
adjusted by the operation settings of the analog-digital con-
verter ADC.

5. Electronic Instrument

[0099] FIG. 10 shows an example of a basic configuration
of an electronic instrument (diagnostic device) that includes
the head unit 220 of the present embodiment. The electronic
instrument includes the ultrasonic probe 300 and a main
electronic instrument 400. The main electronic instrument
400 includes a controlling section 410, a processing section
420, a UI (user interface) section 430, and a display section
440.

[0100] The controlling section 410 controls processing of
receiving and transmitting ultrasonic waves together with the
controlling section CTL of the processing device 330. Fur-
ther, the controlling section 410 conducts control such as
image processing of detected data to the processing section
420. The processing section 420 receives data from the analog
front-end section AFE, and conducts necessary processing
such as image processing or generation of image data for
display. The UI (user interface) section 430 outputs a neces-
sary order (command) to the controlling section 410 based on
an operation conducted by a user (for example, an operation
to a touch panel). The display section 440 is a liquid crystal
display or the like that displays image data for display from
the processing section 420.

[0101] Part of processing conducted by the controlling sec-
tion CTL of the processing device 330 may be conducted by
the controlling section 410 of the main electronic instrument
400. Part of processing conducted by the controlling section
410 of the main electronic instrument 400 may be conducted
by the controlling section CTL of the processing device 330.
[0102] As described above, with the head unit, the ultra-
sonic probe, the electronic instrument, and the diagnostic
device according to the present embodiment, operation set-
tings suitable for the use of an attached head unit can be
automatically configured. Therefore, in a case where a head
unit for ultrasonic diagnosis is attached, for example, opera-
tion settings suitable for ultrasonic diagnosis image process-
ing are configured, and the electronic instrument operates as
an ultrasonic diagnostic device. Also, in a case where a head
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unit for blood pressure measurement is attached, for example,
operation settings suitable for blood pressure measurement
processing are configured, and the electronic instrument
operates as a blood pressure measurement device.

[0103] While the present embodiment has been explained
in detail as above, it will be apparent to those skilled in the art
that various changes and modifications can be made herein
without substantially departing from the subject matter and
the effect of the clock frequency. Therefore, such changes and
modifications are included in the scope of the invention. For
example, the terms used in the specification or the drawings at
least once together with a different term having a broader or
similar meaning can be replaced with the different term in any
portion of the specification or the drawings. Also, the con-
figurations and the operations of the head unit, the ultrasonic
probe, the electronic instrument, and the diagnostic device are
not limited to the present embodiment, and various changes
and modifications are possible.

[0104] According to one aspect of the embodiment, a head
unit for an ultrasonic probe includes a connecting section, an
element chip and a storing section. The connecting section is
configured to electrically connect the head unit to a probe
main body of the ultrasonic probe. The element chip includes
an ultrasonic element array having a substrate defining a
plurality of openings arranged in an array pattern and a plu-
rality of ultrasonic transducer elements with each of the ultra-
sonic transducer elements being provided in each of the open-
ings. The element chip is configured to be electrically
connected to a processing device of the probe main body
through the connecting section. The storing section is config-
ured to store operation setting information of the processing
device to be output to the processing device through the
connecting section.

[0105] With this aspect, the head unit can be made remov-
able with respect to the probe main body through the con-
necting section. Further, since the operation settings of the
processing device can be configured based on the operation
setting information stored in the storing section, operation
settings corresponding to the use of the head unit can be
configured by attaching the head unit to the probe main body.
As a result, operation settings suitable for a different target to
be diagnosed, for example, can be automatically configured
by replacing the head unit.

[0106] According to one aspect of the embodiment, the
processing device preferably has an analog front-end section
configured to perform signal processing to a signal received
from the ultrasonic element array, and the storing section is
preferably configured to store gain setting information for
setting gain of at least one of a low noise amplifier and a
programmable gain amplifier of the analog front-end section
as the operation setting information.

[0107] With this configuration, since the gain of the analog
front-end section can be set based on the operation setting
information stored in the storing section, the gain can be set
corresponding to the use of the head unit.

[0108] According to one aspect of the embodiment, the
storing section is preferably configured to store frequency
characteristic setting information for setting frequency char-
acteristics of a low-pass filter of the analog front-end section
as the operation setting information.

[0109] With this configuration, since the frequency charac-
teristics of the analog front-end section can be set based on the
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operation setting information stored in the storing section, the
frequency characteristics can be set corresponding to the use
of the head unit.

[0110] According to one aspect of the embodiment, the
storing section is preferably configured to store the operation
setting information corresponding to a probe target of the
ultrasonic probe.

[0111] With this configuration, since the operation settings
corresponding to a probe target of the ultrasonic probe can be
configured based on the operation setting information stored
in the storing section, operation settings suitable for a difter-
ent target to be diagnosed, for example, can be automatically
configured.

[0112] According to one aspect of the embodiment, the
operation setting information corresponding to the probe tar-
get of the ultrasonic probe preferably corresponds to one of
ultrasonic diagnosis image processing and blood pressure
measurement processing.

[0113] With this configuration, the operation setting infor-
mation corresponding to ultrasonic diagnosis image process-
ing can be stored in a storing section of a first head unit, and
the operation setting information corresponding to blood
pressure measurement processing can be stored in a second
head unit. Consequently, operation settings corresponding to
ultrasonic diagnosis image processing can be configured in a
case where the first head unit is mounted. Operation settings
corresponding to blood pressure measurement processing can
be configured in a case where the second head unit is
mounted.

[0114] According to one aspect of the embodiment, the
head unit preferably further includes a supporting member
supporting the element chip and the storing section.

[0115] With this configuration, the element chip and the
storing section can be supported by the supporting member in
a probe case.

[0116] According to one aspect of the embodiment, the
connecting section preferably has a plurality of connecting
terminals connected to the probe main body, the storing sec-
tion and the connecting terminals are preferably disposed on
a first surface side of the supporting member, and the element
chip is preferably supported on a second surface side of the
supporting member, the second surface being a reverse sur-
face of the first surface of the supporting member.

[0117] With this configuration, ultrasonic waves can be
emitted from the second surface side on which the element
chip is supported. Also, since the first surface side on which
the connecting section is disposed can be directed toward the
probe main body, ultrasonic waves can be emitted without
being interrupted toward the probe main body.

[0118] According to one aspect of the embodiment, the
connecting section preferably has a connector including the
connecting terminals and a flexible printed circuit board
including wiring connecting the connector and the element
chip, and the storing section is preferably disposed in the
flexible printed circuit board.

[0119] With this configuration, the connector can be dis-
posed on the first surface side of the supporting member, and
the connector and the element chip supported on the second
surface side of the supporting member can be connected
through the flexible printed circuit board. Also, the storing
section and the connector can be connected through the flex-
ible printed circuit board. Consequently, the element chip and
the storing section can be electrically connected to the probe
main body.

[0120] According to one aspect of the embodiment, an
ultrasonic probe includes the probe main body, and the head
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unit according to the above described aspects with the head
unit being removably coupled to the probe main body.
[0121] According to one aspect of the embodiment, the
probe main body preferably includes a processing device
having an analog front-end section configured to perform
signal processing to a signal received from the ultrasonic
element array, a transmitting section configured to output a
driving signal to the ultrasonic element array, and a control-
ling section configured to control the analog front-end section
and the transmitting section, the controlling section being
configured to set operations of the analog front-end section
and the transmitting section based on the operation setting
information read out from the storing section of the head unit.
[0122] With this configuration, since the operation settings
of the analog front-end section and the transmitting section
can be configured based on the operation setting information
stored in the storing section, operation settings suitable for a
different target to be diagnosed, for example, can be auto-
matically configured by replacing the head unit.

[0123] According to one aspect of the embodiment, an
electronic instrument includes the head unit according to the
above described aspects.

[0124] According to one aspect of the embodiment, a diag-
nostic device includes the head unit according to the above
described aspects, and a display section configured to display
image data.

GENERAL INTERPRETATION OF TERMS

[0125] 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,”
“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.
[0126] While only 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. A head unit for an ultrasonic probe comprising:
a connecting section configured to electrically connect the
head unit to a probe main body of the ultrasonic probe;
an element chip including an ultrasonic element array and
configured to be electrically connected to a program-
mable gain amplifier of the probe main body through the
connecting section; and
a storing section configured to store a gain setting infor-
mation for setting gain of the programmable gain ampli-
fier,
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the storing section being configured to output the gain
setting information to a processing device of the probe
main body through the connecting section, the process-
ing device being configured to set a gain of the program-
mable gain amplifier based on the gain setting informa-
tion.

2. The head unit according to claim 1, wherein

the storing section stores the gain setting information fur-
ther for setting gain of a low noise amplifier of an analog
front-end section of the processing device as an opera-
tion setting information of the processing device to be
output to the processing device through the connecting
section.

3. The head unit according to claim 2, wherein

the storing section is configured to store frequency charac-
teristic setting information for setting frequency charac-
teristics of a low-pass filter of the analog front-end sec-
tion as the operation setting information.

4. The head unit according to claim 1, wherein

the storing section is configured to store an operation set-
ting information of the processing device to be output to
the processing device through the connecting section
corresponding to a probe target of the ultrasonic probe.

5. The head unit according to claim 4, wherein

the operation setting information corresponding to the
probe target of the ultrasonic probe corresponds to one
of ultrasonic diagnosis image processing and blood
pressure measurement processing.

6. The head unit according to claim 1, further comprising

a supporting member supporting the element chip and the
storing section.

7. The head unit according to claim 6, wherein

the connecting section has a plurality of connecting termi-
nals connected to the probe main body,

the storing section and the connecting terminals are dis-
posed on a first surface side of the supporting member,
and

the element chip is supported on a second surface side of
the supporting member, the second surface being a
reverse surface of the first surface of the supporting
member.

8. The head unit according to claim 7, wherein

the connecting section has a connector including the con-
necting terminals and a flexible printed circuit board
including wiring connecting the connector and the ele-
ment chip, and

the storing section is disposed in the flexible printed circuit
board.
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9. An ultrasonic probe comprising:
the probe main body; and
the head unit according to claim 1, the head unit being
removably coupled to the probe main body.
10. The ultrasonic probe according to claim 9, wherein
the probe main body includes
a processing device having an analog front-end section
configured to perform signal processing to a signal
received from the ultrasonic element array,
a transmitting section configured to output a driving
signal to the ultrasonic element array, and
a controlling section configured to control the analog
front-end section and the transmitting section, the
controlling section being configured to set operations
of the analog front-end section and the transmitting
section based on the operation setting information
read out from the storing section of the head unit.
11. The head unit according to claim 3, wherein
the frequency characteristic setting information has a value
of cutoff frequency.
12. An electronic instrument comprising:
the head unit according to claim 1.
13. A diagnostic device comprising:
the head unit according to claim 1; and
a display section configured to display image data.
14. An electronic instrument comprising:
the head unit according to claim 1; and
the probe main body, the head unit being removably
coupled to the probe main body.
15. A diagnostic device comprising:
the head unit according to claim 1;
the probe main body; and
a display section configured to display image data,
the head unit being removably coupled to the probe main
body.
16. A probe main body for an ultrasonic probe comprising:
a connecting section configured to electrically connect the
probe main body to a head unit of the ultrasonic probe;
a programmable gain amplifier configured to be electri-
cally connected to an element chip including an ultra-
sonic element array of the head unit through the connec-
tion section; and
a processing device configured to receive a gain setting
information from a storing section of the head unit
through the connection section, the processing device
being configured to setting a gain of the programmable
gain amplifier based on the gain set information.
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