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Description
TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
diagnostic apparatus and particularly to an ultrasound
diagnostic apparatus permitting interchange of transduc-
er arrays of an ultrasound probe.

BACKGROUND ART

[0002] Conventionally, ultrasound diagnostic appara-
tus using ultrasound images are employed in medicine.
In general, this type of ultrasound diagnostic apparatus
comprises an ultrasound probe having a built-in trans-
ducer array and an apparatus body connected to the ul-
trasound probe. The ultrasound probe transmits an ul-
trasonic wave toward a subject, receives an ultrasonic
echo from the subject, and the apparatus body electri-
cally processes reception signals to generate an ultra-
sound image.

[0003] In recent years, there have been developed
portable ultrasound diagnostic apparatus that can be
transported and placed near a bed or brought to a site
where emergency medical care is needed. There have
also been conceived ultrasound diagnostic apparatus
having a configuration whereby the ultrasound probe and
the apparatus body are connected to each other by wire-
less communication to improve operability. Such ultra-
sound diagnostic apparatus are required to be available
in reduced dimensions for convenience.

[0004] Ultrasound diagnostic apparatus are used to di-
agnose subjects for various diagnosis purposes depend-
ing on which an appropriate frequency band may often
vary. Thus, one may consider using an ultrasound probe
selected according to the diagnosis purpose from a plu-
rality of ultrasound probes having different frequency
bands kept ready for use and connecting the selected
probe to the apparatus body. However, because the ul-
trasound probes are generally expensive, keeping a plu-
rality of ultrasound probes available for use increases
the costs. Thus, there is a demand for a transducer array
that is detachably provided in the ultrasound probe so
that a transducer array having a suitable frequency band
for the diagnosis purpose may be selected and used.
[0005] For example, Patent Literature 1 describes an
ultrasound diagnostic system wherein an ultrasound
probe is comprised of a transducer head containing a
transducer array and a beamforming module for process-
ing the signals from the transducer head for beamform-
ing, and wherein the transducer head is detachably
mounted to the beamforming module.

[0006] Patent Literature 2 describes an ultrasound di-
agnostic apparatus wherein an ultrasound probe is com-
prised of a transducer array and a housing for holding
the transducer array, and wherein the transducer array
is detachably mounted to the housing.
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CITATION LIST
PATENT LITERATURE
[0007]

PATENT LITERATURE 1: JP 2003-190159 A
PATENT LITERATURE 2: JP 2009-60992 A

[0008] WO 2010/064156 A1teaches an ultrasound as-
sembly with the features comprised in the preamble of
independent claim 1.

SUMMARY OF INVENTION
TECHNICAL PROBLEMS

[0009] In the ultrasound probe of the apparatus de-
scribed in Patent Literature 1, because the transducer
head containing the transducer array is detachable from
the beamforming module, a transducer array having an
appropriate frequency band according to the diagnosis
purpose can be used. However, such configuration has
a problem in which the beamforming module is required
to have therein mounted a broadband preamplifier with a
bandwidth of, for example, about 2 to 20 MHz in order to
enable operation with a plurality of transducer arrays hav-
ing different frequency bands, and a pulser capable of a
high drive voltage for a transducer array having a maxi-
mum drive voltage among the plurality of transducer ar-
rays, resulting in increased dimensions of the apparatus.
[0010] Likewise, although the ultrasound probe of the
apparatus described in Patent Literature 2 permits use
of a transducer array having an appropriate frequency
band according to the diagnosis purpose, the housing is
required to have mounted therein a broadband amplifier
and a high drive-voltage pulser, resulting in increased
dimensions of the apparatus.

[0011] The present invention has been made to solve
the above problems in the art and has an object of pro-
viding an ultrasound diagnostic apparatus permitting in-
terchange of transducer arrays to select one having a
suitable frequency band for an intended diagnosis pur-
pose, while achieving reduction in dimensions and im-
provement of operability.

SOLUTION TO PROBLEMS

[0012] The invention is defined by independent claim
1. Further embodiments of the invention are defined by
the dependent claims. The ultrasound diagnostic appa-
ratus according to the present disclosure is an ultrasound
diagnostic apparatus in which an ultrasound probe and
a back unit are connected to each other by wireless com-
munication, an ultrasonic beam being transmitted from
a transducer array of the ultrasound probe to a subject,
the back unit generating an ultrasound image based on
reception signals outputted from the transducer array of



3 EP 2 614 775 B1 4

the ultrasound probe having received an ultrasonic echo
from the subject, wherein the ultrasound probe includes
a middle unit connected to the back unit by wireless com-
munication and a front unit detachably connected to the
middle unit and including the transducer array, and
wherein the front unit has a transmission driver that sup-
plies a drive signal to the transducer array and causes
the transducer array to transmit an ultrasonic beam and
a preamplifier that amplifies reception signals outputted
from the transducer array.

[0013] Preferably, the front unit and the middle unit
comprise dedicated CPUs and are detachably connected
to each other through a connector that includes a recep-
tion signal line for transmitting reception signals amplified
by the preamplifier of the front unit and a communication
line for transmitting signals between both CPUs.

[0014] The front unit may comprise a multiplexer con-
nected to the transducer array.

[0015] The transducer array may be so configured as
to comprise a transmission transducer array dedicated
to transmission and a reception transducer array dedi-
cated to reception. Alternatively, the transducer array
may be so configured as to comprise a dual-purpose
transducer array for transmission and reception and a
harmonic transducer array for harmonic component re-
ception.

[0016] Preferably, the middle unit comprises an A/D
converter converting reception signals amplified by the
preamplifier of the front unit into a digital signal, a recep-
tion signal processor frequency-modulating the digital
signal obtained through conversion by the A/D converter
to a baseband frequency, and a parallel/serial converter
serializing the signal that is frequency-modulated by the
reception signal processor.

[0017] The middle unit may have at least one of an
operating unit performing input operation into the ultra-
sound diagnostic apparatus and a display unit displaying
information.

ADVANTAGEOUS EFFECTS OF INVENTION

[0018] According to the present disclosure, the ultra-
sound probe comprises the middle unit connected to the
back unit by wireless communication and the front unit
detachably connected to the middle unit, and the front
unit includes the transducer array, the transmission driv-
er, and the preamplifier, so that selection of the front unit
enables selection of a transducer array having an appro-
priate frequency band for an intended diagnosis, while
interchange of transmission drivers and preamplifiers is
also made possible, thus achieving reduction in dimen-
sions and improvement in operability.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a block diagram illustrating a configuration

10

15

20

25

30

35

40

45

50

55

of an ultrasound diagnostic apparatus according to
Embodiment 1 of the disclosure.

FIG. 2is a flow chart illustrating the operation of Em-
bodiment 1.

FIG. 3isaflowchartillustrating an examination mode
in Embodiment 1.

FIG. 4 is a block diagram illustrating a configuration
of a front unit used in Embodiment 2.

FIG. 5 is a block diagram illustrating a configuration
of a front unit used in Embodiment 3.

FIG. 6 is a block diagram illustrating a configuration
of a front unit used in a variation of Embodiment 3.
FIG. 7 is a block diagram illustrating a configuration
of a front unit used in Embodiment 4.

FIG. 8 is a block diagram illustrating a configuration
of a front unit used in a variation of Embodiment 4.
FIG. 9 is a block diagram illustrating a configuration
of a middle unit used in Embodiment 5.

DESCRIPTION OF EMBODIMENTS

[0020] Embodiments of the present disclosure will be
described below based on the attached drawings.

Embodiment 1

[0021] FIG. 1 illustrates a configuration of an ultra-
sound diagnostic apparatus according to Embodiment 1
of the disclosure. The ultrasound diagnostic apparatus
comprises an ultrasound probe 1 and a back unit 2 that
is connected to the ultrasound probe 1 via wireless com-
munication.

[0022] The ultrasound probe 1 comprises a front unit
3 and a middle unit 4. The front unit 3 is detachably con-
nected via a connector 5 to the middle unit 4.

[0023] The front unit 3 comprises a one-dimensional
or two-dimensional transducer array 6 including a plural-
ity of ultrasound transducers. A preamplifier 8 and a
transmission driver 9 are connected in parallel to the
transducer array 6 via a transmission/reception selector
switch 7. A CPU (central processing unit) 10 is connected
to the transmission driver 9.

[0024] The middle unit 4 comprises an A/D converter
(analog-digital converter circuit) 11 that is connected to
the preamplifier 8 of the front unit 3 via the connector 5.
A reception signal processor 12 is connected to the A/D
converter 11, and a wireless communication unit 14 is
connected to the reception signal processor 12 via a par-
allel/serial converter 13. A CPU 15 is connected to the
reception signal processor 12 and the parallel/serial con-
verter 13, and the CPU 15 is connected to the CPU 10
of the front unit 3 via the connector 5.

[0025] The transducers of the transducer array 6 each
transmit ultrasonic waves according to drive signals sup-
plied from the transmission driver 9 and receive ultrason-
icechoes from a subject to output reception signals. Each
of the transducers is constituted, for example, by a vibra-
tor including a piezoelectric body made of a piezoelectric
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ceramic typified by PZT (lead zirconate titanate) or a pol-
ymeric piezoelectric element typified by PVDF (polyvi-
nylidene fluoride) and electrodes provided on both ends
of the piezoelectric body.

[0026] When the electrodes of the vibrators are sup-
plied with a pulsed voltage or a continuous-wave voltage,
the piezoelectric bodies expand and contract to cause
the vibrators to produce pulsed or continuous ultrasonic
waves. The ultrasonic waves are combined to form an
ultrasonic beam. Upon reception of a propagating ultra-
sonic wave, each vibrator expands and contracts to pro-
duce an electric signal, which is then outputted as recep-
tion signal of the ultrasonic wave.

[0027] Under the control of the CPU 10, the transmis-
sion/reception selector switch 7 selectively connects the
transducer array 6 to one of the preamplifier 8 and the
transmission driver 9.

[0028] The preamplifier 8 amplifies the reception sig-
nals outputted from the respective channels of the ultra-
sonic transducers of the transducer array 6.

[0029] The transmission driver 9 comprises, for exam-
ple, a plurality of pulse generators and adjusts the delay
amounts of drive signals for the respective transducers
based on a transmission delay pattern selected by the
CPU 10 so that the ultrasonic waves transmitted from
the transducer array 6 form a broad ultrasonic beam cov-
ering an area of a tissue in the subject and supplies the
transducers of the transducer array 6 with the adjusted
drive signals.

[0030] The CPU 10 controls the transmission driver 9
according to various control signals transmitted from the
CPU 15 of the middle unit 4 connected via the connector
5.

[0031] Thetransducerarray 6 has a specific frequency
band and a specific drive voltage. The preamplifier 8 used
has a frequency band corresponding to the frequency
band of the transducer array 6. The transmission driver
9 used outputs a drive voltage corresponding to the drive
voltage for the transducer array 6.

[0032] TheA/D converter 11 digitizes the reception sig-
nals amplified by the preamplifier 8.

[0033] Under the control of the CPU 15, the reception
signal processor 12 subjects the reception signals digi-
tized by the A/D converter 11 to quadrature detection or
quadrature sampling to produce complex baseband sig-
nals, samples the complex baseband signals to generate
sample data containing information on the area of the
tissue, and supplies the sample data to the parallel/serial
converter 13. Otherwise, the reception signal processor
12 may generate sample data by performing data com-
pression on the data obtained by sampling the complex
baseband signals for high-efficiency coding.

[0034] The parallel/serial converter 13 converts the
parallel sample data generated by the reception signal
processor 12 having a plurality of channels into serial
sample data.

[0035] The wireless communication unit 14 performs
carrier modulation based on the serial sample data to
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generate transmission signals and supplies an antenna
with the transmission signals so that the antenna trans-
mits radio waves thereby to transmit the serial sample
data. The modulation methods that may be employed
herein include ASK (Amplitude Shift Keying), PSK
(Phase Shift Keying), QPSK (Quadrature Phase Shift
Keying), and 16QAM (16 Quadrature Amplitude Modu-
lation).

[0036] The wireless communication unit 14 transmits
the sample data to the back unit 2 and receives various
control signals from the back unit 2 through wireless com-
munication with the back unit 2, outputting the received
control signals to the CPU 15.

[0037] Based on the control signal received from the
back unit 2, the CPU 15 transmits a signal to the CPU
10 of the front unit 3 for the control of the transmission
driver 9 and controls the wireless communication unit 14
so that sample data may be transmitted at a set trans-
mission radio field intensity.

[0038] The connector 5 detachably connects the front
unit 3 and the middle unit 4 and comprises a reception
signal line for transmitting reception signals amplified by
the preamplifier 8 of the front unit 3 to the A/D converter
11 of the middle unit4 and acommunication line for trans-
mitting signals between the CPU 10 of the front unit 3
and the CPU 15 of the middle unit 4.

[0039] The ultrasound probe 1 includes a built-in bat-
tery, not shown, which supplies power to the circuits in
the front unit 3 and the middle unit 4 in the ultrasound
probe 1.

[0040] The front unit 3 of the ultrasound probe 1 illus-
trated in FIG. 1 is compatible with a sector scan mode.
[0041] The back unit 2 includes a wireless communi-
cation unit 16. An image forming unit 18 is connected to
the wireless communication unit 16 via a serial/parallel
converter 17, and a display unit 19 is connected to the
image forming unit 18. A CPU 20 is connected to the
wireless communication unit 16, the serial/parallel con-
verter 17, and the image forming unit 18. Further, an op-
erating unit 21 for an operator to perform input operations
is connected to the CPU 20.

[0042] The wireless communication unit 16 transmits
various control signals to the ultrasound probe 1 through
wireless communication with the ultrasound probe 1. The
wireless communication unit 16 demodulates the signal
received by an antenna to output serial sample data.
[0043] The serial/parallel converter 17 converts the se-
rial sample data outputted from the wireless communi-
cation unit 16 into parallel sample data.

[0044] The image forming unit 18 performs reception
focusing on the sample data to generate image signals
representing an ultrasound diagnosticimage. The image
forming unit 18 includes a phasing adder and an image
processor.

[0045] The phasing adder selects one reception delay
pattern from a plurality of previously stored reception de-
lay patterns according to the reception direction that is
set by the CPU 20 and, based on the selected reception
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delay pattern, provides a plurality of complex baseband
signals represented by the sample data with their respec-
tive delays and adds them up to perform the reception
focusing. This reception focusing yields a baseband sig-
nal (sound ray signal) where the ultrasonic echo is well
focused.

[0046] The image processor generates a B-mode im-
age signal, which is tomographic image information on,
for example, a tissue inside the subject, according to the
sound ray signal generated by the phasing adder. The
image processor includes an STC (sensitivity time con-
trol) unit and a DSC (digital scan converter). The STC
unit corrects the sound ray signal for the attenuation due
to distance according to the depth of the reflection posi-
tion of the ultrasonic wave. The DSC converts the sound
ray signal corrected by the STC unitinto an image signal
compatible with an ordinary scanning method of televi-
sion signals (raster conversion), and generates an image
signal through required image processing such as gra-
dation processing.

[0047] The display unit 19 displays an ultrasound di-
agnostic image based on image signals generated by
the image forming unit 18 and includes a display device
such as LCD.

[0048] Basedontheinstructioninputted by an operator
from the operating unit 21, the CPU 20 controls the wire-
less communication unit 16 so that various control signals
are transmitted at a set transmission radio field intensity,
causes the image forming unit 18 to generate image sig-
nals, and causes the display unit 19 to display an ultra-
sound diagnostic image.

[0049] In Embodiment 1, the front unit 3 of the ultra-
sound probe 1 is detachably connected to the middle unit
4 via the connector 5. Thus, with a plurality of front units
3 including transducer arrays 6 having different frequen-
cy bands as well as preamplifiers 8 and transmission
drivers 9 corresponding to the transducer arrays 6 avail-
able for use, a front unit 3 comprising a transducer array
6 having a suitable frequency band for an intended diag-
nosis purpose can be selected and connected to the mid-
dle unit 4.

[0050] Next, the operation of Embodiment 1 will be de-
scribed with reference to the flowchart of FIG. 2.

[0051] First, examination information including patient
information and examination instructions is entered from
the operating unit 21 of the back unit 2 in the examination
information input mode in step S1, whereupon the CPU
20 of the back unit 2 selects one front unit 3 containing
the transducer array 6 having a suitable or usable fre-
quency band according to the entered patient informa-
tion.

[0052] In step S2 to follow, the CPU 20 of the back unit
2 inquires of the CPU 15 of the middle unit 4 by wireless
communication, whereupon the CPU 15 of the middle
unit 4 checks with the CPU 10 of the front unit 3, so that
the CPU 20 of the back unit 2 may recognize whether or
not the front unit 3 selected in step S1 has been connect-
ed to the middle unit 4.
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[0053] Upon recognizing that the selected front unit 3
has been connected to the middle unit 4, the CPU 20 of
the back unit 2 awaits the operator’s instruction to start
examination in step S3 and, upon receiving the instruc-
tion to start examination, proceeds to step S4 to execute
an examination mode and, in step S5, awaits the oper-
ator’s instruction to terminate the examination. When in-
struction to terminate the examination is entered, a series
of examination processes is terminated, whereas when
instruction to continue the examination is entered, the
CPU 20 returns to step S1 to receive examination infor-
mation again.

[0054] In step S4, one or more of previously set exam-
ination modes such as B mode, CF mode, PW mode,
and M mode, as shown by way of example in FIG. 3, may
be selected and executed. The CPU 20 of the back unit
2 checks examination information entered in step S1 to
determine which mode has been designated and, upon
verifying designation of B mode in step S11, proceeds
to step S12 to execute examination in B mode. Upon
verifying designation of CF mode in step S13, the CPU
20 proceeds to step S14 to execute examination in CF
mode. Upon verifying designation of PW mode in step
S15, the CPU 20 proceeds to step S16 to execute ex-
amination in PW mode. Upon verifying designation of M
mode in step S17, the CPU 20 proceeds to step S18 to
execute examination in M mode. When the termination
of examination carried out based on the current exami-
nation information is verified in step S19, the CPU 20
proceeds to step S5 shown in FIG. 2.

[0055] The examinations in the respective modes are
executed as follows.

[0056] First, operation control command is transmitted
from the CPU 20 of the back unit 2 to the ultrasound
probe 1 via the wireless communication unit 16. The op-
eration control command is received by the wireless com-
munication unit 14 of the middle unit 4 and transmitted
to the CPU 15. Then, the CPU 15 outputs a command
for driving the transducer array 6 to the CPU 10 of the
front unit 3 via the connector 5.

[0057] The CPU 10 of the front unit 3 that received the
above command operates the transmission/reception
selector switch 7 to connect the transmission driver 9 to
the transducer array 6, and the ultrasound transducers
constituting the transducer array 6 transmit ultrasonic
waves according to drive signals supplied from the trans-
mission driver 9. Thereafter, the CPU 10 causes the
transmission/reception selector switch 7 to operate so
that the preamplifier 8 is now connected to the transducer
array 6, and reception signals outputted respectively from
the transducers of the transducer array 6 that received
ultrasound echoes from a subject are amplified by the
preamplifier 8 and then transmitted to the middle unit 4
via the connector 5.

[0058] The reception signals transmitted to the middle
unit 4 are digitized by the A/D converter 11 and supplied
to the reception signal processor 12, where sample data
is generated. The sample data is serialized through the
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parallel/serial converter 13 and wirelessly transmitted
from the wireless communication unit 14 to the back unit
2.

[0059] The sample data received by the wireless com-
munication unit 16 of the back unit 2 is converted into
parallel data through the serial/parallel converter 17,
whereupon the image forming unit 18 produces animage
signal appropriate for the executed examination mode,
so that the display unit 19 displays an ultrasound diag-
nostic image based on the image signal.

[0060] As described above, the front unit 3 detachably
connected to the middle unit 4 incorporates, besides the
transducer array 6 having a specific frequency band, the
preamplifier 8 having a frequency band corresponding
to the frequency band of the transducer array 6 and the
transmission driver 9 for outputting a drive voltage cor-
responding to the drive voltage for the transducer array
6. Thus, one need not employ an over-engineered sys-
tem configuration, as conventionally required, equipped
with a broadband preamplifier having a bandwidth of
about, for example, 2 to 20 MHz and enabling operation
with a plurality of transducer arrays having different fre-
quency bands and a transmission driver capable of a
high drive voltage adapted to a transducer array having
a maximum drive voltage among a plurality of transducer
arrays. Thus, acompact ultrasound diagnostic apparatus
with enhanced operability can be realized.

[0061] Further, in Embodiment 1 above, the front unit
3 and the middle unit 4 are exclusively provided with the
CPU 10 and the CPU 15 respectively, so that the CPU
10 controls the components in the front unit 3 while the
CPU 15 controls the components in the middle unit 4.
Thus, the number of control signal lines for connecting
the front unit 3 and the middle unit 4 can be reduced, and
both units can be detachably connected by a compact
connector 5.

Embodiment 2

[0062] Although the front unit 3 of the ultrasound probe
1usedin Embodiment 1 above is compatible with a sector
scan mode, the disclosure is not limited thereto. The front
unit 3 may be compatible with other scan modes includ-
ing, for example, a linear scan mode and a convex scan
mode.

[0063] FIG. 4 illustrates a configuration of a front unit
31 used in Embodiment 2. As compared with the front
unit 3 in Embodiment 1 illustrated in FIG. 1, the front unit
31 has a multiplexer 32 connected between the trans-
ducer array 6 and the transmission/reception selector
switch 7 to acquire compatibility with the linear scan mode
and the convex scan mode.

[0064] Under the control of the CPU 10, some trans-
ducers among those constituting the transducer array 6
are sequentially selected and perform transmission and
reception of ultrasonic waves. This enables acquisition
of an ultrasound diagnostic image by the linear scan
mode or the convex scan mode.
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[0065] When equipped with both the front unit 3 com-
patible with the sector scan mode as illustrated in FIG. 1
and the front unit 31 compatible with the linear scan mode
and the convex scan mode as used in Embodiment 2,
one may select one of these front units according to the
scan mode and connect it to the middle unit 4.

Embodiment 3

[0066] FIG. 5 illustrates a configuration of a front unit
41 used in an ultrasound diagnostic apparatus according
to Embodiment 3. As compared with the front unit 3 in
Embodiment 1 illustrated in FIG. 1, the front unit 41 does
not have the transmission/reception selector switch 7,
and in place of the transducer array 6, has a reception
transducer array 42 for only reception connected to the
preamplifier 8 and a transmission transducer array 43 for
only transmission connected to the transmission driver 9.
[0067] The front unit 41 is compatible with the sector
scan mode.

[0068] Because the receptiontransducerarray 42 ded-
icated to reception and the transmission transducer array
43 dedicated to transmission are provided, cross talk oc-
curring in transmission of ultrasonic waves can be pre-
vented and ultrasound diagnosis can be given with en-
hanced accuracy.

[0069] Although the front unit 41 illustrated in FIG. 5 is
compatible with the sector scan mode, the disclosure is
not so limited; as in a front unit 51 illustrated in FIG. 6, a
front unit compatible with the linear scan mode and the
convex scan mode may be configured by connecting a
multiplexer 52 between the reception transducer array
42 and the preamplifier 8 and connecting a multiplexer
53 between the transmission transducer array 43 and
the transmission driver 9.

Embodiment 4

[0070] FIG. 7 illustrates a configuration of a front unit
61 used in an ultrasound diagnostic apparatus according
to Embodiment 4. As compared with the front unit 3 in
Embodiment 1 illustrated in FIG. 1, the front unit 61 has
a harmonic component reception transducer array 62
connected to the preamplifier 8 in addition to the trans-
ducer array 6 used for both transmission and reception.

[0071] The front unit 61 is compatible with the sector
scan mode.
[0072] The harmonic component reception transducer

array 62 is a transducer array having a frequency band
especially adapted to harmonic components. With such
a harmonic component reception transducer array 62
provided, a harmonic component can be received by the
harmonic componentreceptiontransducer array 62 while
an ultrasonic echo in a basic frequency band is received
by the transducer array 6 that is used for both transmis-
sion and reception, enabling a still more accurate ultra-
sound diagnosis.

[0073] Although the front unit 61 illustrated in FIG. 7 is
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compatible with the sector scan mode, the disclosure is
not so limited; as in a front unit 71 illustrated in FIG. 8, a
front unit compatible with the linear scan mode and the
convex scan mode may be configured by connecting a
multiplexer 72 between the transducer array 6 used for
both transmission and reception and the transmission/re-
ception selector switch 7 and connecting a multiplexer
73 between the harmonic component reception trans-
ducer array 62 and the preamplifier 8.

Embodiment 5

[0074] FIG. 9illustrates a configuration of a middle unit
81 used in an ultrasound diagnostic apparatus according
to Embodiment 5. As compared with the middle unit 4 in
Embodiment 1 illustrated in FIG. 1, the middle unit 81
has an operating unit 82 for performing input operation
into the ultrasound diagnostic apparatus and a display
unit 83 for displaying information, both of which are con-
nected to the CPU 15.

[0075] Withthe operating unit82 provided inthe middle
unit 81 of the ultrasound probe 1, various kinds of infor-
mation may be entered from the ultrasound probe 1 con-
nected to the back unit 2 by wireless communication to
operate the ultrasound diagnostic apparatus from the ul-
trasound probe 1.

[0076] Further with the display unit 83 provided in the
middle unit 81 of the ultrasound probe 1, such information
as a name and a kind of the front unit connected to the
middle unit 81 through the connector 5 can be displayed
on the ultrasound probe 1, enhancing operability and
convenience.

[0077] Although Embodiment 5 includes both the op-
erating unit 82 and the display unit 83 in the middle unit
81, only one of the operating unit 82 and the display unit
83 may be connected to the CPU 15 of the middle unit 81.

REFERENCE SIGNS LIST

[0078] 1 ultrasound probe; 2 back unit; 3, 31, 41, 51,
61, 71 front unit; 4, 81 middle unit; 5 connector; 6 trans-
ducer array; 7 transmission/reception selector switch; 8
preamplifier; 9 transmission driver; 10, 15, 20 CPU; 11
A/D converter; 12 reception signal processor; 13 paral-
lel/serial converter; 14, 16 wireless communication unit;
17 serial/parallel converter; 18 image forming unit; 19,
83 display unit; 21, 82 operating unit; 32, 52, 53, 72, 73
multiplexer; 42 reception transducer array; 43 transmis-
sion transducer array; 62 harmonic component reception
transducer array.

Claims

1. An ultrasound diagnostic apparatus comprising an
ultrasound probe (1) and a back unit (2) connected
to each other by wireless communication, the ultra-
sound probe (1) comprising a transducer array (6)
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configured to transmit an ultrasonic beam to a sub-
ject, wherein the back unit (2) is configured to gen-
erate an ultrasound image based on reception sig-
nals outputted from the transducer array (6) having
received an ultrasonic echo from the subject, where-
in the ultrasound probe (1) includes a middle unit (4,
81) connected to the back unit (2) by wireless com-
munication, a front unit (3, 31, 41, 51,61, 71) includ-
ing the transducer array, and a connector (5) detach-
ably connecting the middle unit (4, 81) and the front
unit (3, 31, 41, 51, 61, 71),

wherein the front unit (3, 31, 41, 51, 61, 71) has a
transmission driver (9) that supplies drive signals to
the transducer array (6) and causes the transducer
array (6) to transmit an ultrasonicbeam and a pream-
plifier (8) that amplifies reception signals outputted
from the transducer array (6),

characterized in that

the middle unit (4, 81) further comprises an operating
unit (21, 82) performing input operation into the ul-
trasound diagnostic apparatus and adisplay unit (19,
83) displaying information, and

a change to a transducer array (6) having a frequen-
cy band for an intended diagnosis and a change to
a transmission driver (9) and a preamplifier (8) cor-
responding to the transducer array (6) are made by
connecting a front unit (3, 31, 41, 51, 61, 71), select-
ed from a plurality of front units (3, 31, 41, 51, 61,
71) including transducer arrays (6) having different
frequency bands and different drive voltages as well
as transmission drivers (9) outputting drive voltages
corresponding to the transducer arrays (6) and
preamplifiers (8) having frequency bands corre-
sponding to the frequency bands of the transducer
arrays (6), to the middle unit (4, 81) through the con-
nector (5).

The ultrasound diagnostic apparatus according to
Claim 1, characterized in that the front unit (3, 31,
41, 51, 61, 71) and the middle unit (4, 81) comprise
dedicated CPUs and are detachably connected to
each other through the connector (5) that includes a
reception signal line for transmitting reception sig-
nals amplified by the preamplifier (8) of the front unit
(3, 31, 41, 51, 61, 71) and a communication line for
transmitting signals between both CPUs.

The ultrasound diagnostic apparatus according to
Claim 1 or 2, characterized in that the front unit (3,
31, 41, 51, 61, 71) comprises a multiplexer (32, 52,
53, 72, 73) connected to the transducer array.

The ultrasound diagnostic apparatus according to
any one of Claims 1 to 3, characterized in that the
transducer array (6) comprises a transmission trans-
ducer array (43) dedicated to transmission and a re-
ception transducer array (42) dedicated toreception.
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The ultrasound diagnostic apparatus according to
any one of Claims 1 to 3, characterized in that the
transducer array (6) comprises a dual-purpose
transducer array (6) for transmission and reception
and a harmonic transducer array (52) for harmonic
component reception.

The ultrasound diagnostic apparatus according to
any one of Claims 1 to 5, characterized in that the
middle unit (4, 81) comprises an A/D converter (11)
converting reception signals amplified by the pream-
plifier (8) of the front unit (3, 31, 41, 51, 61, 71) into
a digital signal, a reception signal processor (12) fre-
quency-modulating the digital signal obtained
through conversion by the A/D converter (11) to a
baseband frequency, and a parallel/serial converter
(13) serializing the signal that is frequency-modulat-
ed by the reception signal processor (12).

Patentanspriiche

1.

Ultraschall-Diagnosevorrichtung umfassend eine
Ultraschallsonde (1) und eine Riickeinheit (2), die
miteinander Uber kontaktlose Kommunikation ver-
bunden sind, wobei die Ultraschallsonde (1) eine
Wandleranordnung (6) umfasst, die eingerichtet ist,
einen Ultraschallstrahl zu einem Subjekt zu tbertra-
gen, wobei die Rickeinheit (2) eingerichtet ist ein
Ultraschallbild zu generieren, basierend auf von der
Wandleranordnung (6) ausgegebenen Empfangssi-
gnalen, die ein Ultraschallecho von dem Subjekt
empfangen hat,

wobei der Ultraschallsensor (1) eine Mitteleinheit (4,
81), die mitder Ruickeinheit (2) durch drahtlose Kom-
munikation verbunden ist, eine Fronteinheit (3, 31,
41, 51, 61, 71), die die Wandleranordnung beinhal-
tet, und einen Verbinder (5) beinhaltet, der die Mit-
teleinheit (4, 81) und die Fronteinheit (3, 31, 41, 51,
61, 71) I6sbar verbindet,

wobei die Fronteinheit (3, 31, 41, 51, 61, 71) einen
Ubertragungstreiber (9), der Antriebssignale an die
Wandleranordnung (6) liefert und bewirkt, dass die
Wandleranordnung (6) einen Ultraschallstrahl sen-
det, und einen Vorverstarker (8) aufweist, der die
von der Wandleranordnung (6) ausgegebenen Emp-
fangssignale verstarkt,

dadurch gekennzeichnet, dass

die Mitteleinheit (4, 81) ferner eine Betriebseinheit
(21, 82) umfasst, die eine Eingabeoperation in der
Ultraschalldiagnosevorrichtung durchfiihrt, und eine
Anzeigeeinheit (19, 83), die Informationen anzeigt,
und

ein Wechsel zu einer Wandleranordnung (6) mit ei-
nem Frequenzband fiir eine beabsichtigte Diagnose
und ein Wechsel zu einem Ubertragungstreiber (9)
und einem Vorverstarker (8), der der Wandleranord-
nung (6) entspricht, durch Verbinden einer Frontein-
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heit (3, 31, 41, 51, 61, 71) erfolgt, die ausgewahlt ist
aus einer Vielzahl von Fronteinheiten (3, 31, 41, 51,
61, 71) mit Wandleranordnungen (6) mit unter-
schiedlichen Frequenzbandern und unterschiedli-
chen Antriebsspannungen sowie Ubertragungstrei-
bern (9), die Treiberspannungen gemanl den Wand-
leranordnungen (6) und Vorverstarkern (8) mit den
Frequenzbandern der Wandleranordnungen (6) ent-
sprechenden Frequenzbandern, an die Mitteleinheit
(4, 81) durch den Verbinder (5) ausgeben.

Ultraschalldiagnosevorrichtung nach Anspruch 1,
dadurch gekennzeichnet, dass die Fronteinheit (3,
31, 41, 51, 61, 71) und die Mitteleinheit (4, 81) de-
dizierte CPUs aufweisen und iber den Stecker (5)
I6sbar miteinander verbunden sind, der eine Emp-
fangssignalleitung zum Ubertragen von durch den
Vorverstarker (8) der Fronteinheit (3, 31, 41, 51, 61,
71) verstarkten Empfangssignalen und eine Kom-
munikationsleitung zum Ubertragen von Signalen
zwischen beiden CPUs beinhaltet.

Ultraschalldiagnosevorrichtung nach Anspruch 1
oder 2, dadurch gekennzeichnet, dass die Fron-
teinheit (3, 31, 41, 51, 61, 71) einen mit der Wand-
leranordnung verbundenen Multiplexer (32, 52, 53,
72, 73) umfasst.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 3, dadurch gekennzeichnet, dass
die Wandleranordnung (6) eine Ubertragungswand-
leranordnung (43) fir das Senden und eine Emp-
fangswandleranordnung (42) fir das Empfangen
umfasst.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 3, dadurch gekennzeichnet, dass
die Wandleranordnung (6) eine Dual-Funktions-
Wandleranordnung (6) zum Ubertragen und Emp-
fangen und eine harmonische Wandleranordnung
(52) zum Empfangen harmonischer Komponenten
umfasst.

Ultraschalldiagnosevorrichtung nach einem der An-
spriiche 1 bis 5, dadurch gekennzeichnet, dass
die Mitteleinheit (4, 81)

einen A/D-Wandler (11) umfasst, der durch den Vor-
verstarker (8) der Fronteinheit (3, 31, 41, 51,61, 71)
verstarkte Empfangssignale, in ein digitales Signal
wandelt,

einen Empfangssignalprozessor (12), der das durch
Wwandlung des durch den A/D-Wandler (11) erhal-
tenen digitalen Signals in eine Basisbandfrequenz
frequenzmoduliert, und

einen Parallel/Seriell-Wandler (13), der das durch
den Empfangssignalprozessor (12) frequenzmodu-
lierte Signal serialisiert.
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Revendications

Appareil de diagnostic par ultrasons, comprenant
une sonde a ultrasons (1) et une unité arriere (2)
connectées l'une a l'autre par une communication
sans fil, la sonde a ultrasons (1) comprenant un ré-
seau de transducteurs (6) configurés pour transmet-
tre un faisceau ultrasonique a un sujet, dans lequel
'unité arriere (2) est configurée pour générer une
image ultrasonore sur la base de signaux de récep-
tion émis a partir du réseau de transducteurs (6)
ayant recu un écho ultrasonique du sujet,

dans lequel la sonde a ultrasons (1) inclut une unité
intermédiaire (4, 81) connectée a l'unité arriere (2)
par une communication sans fil, une unité avant (3,
31, 41, 51, 61, 71) incluant le réseau de transduc-
teurs, etun connecteur (5) connectantd’'une maniére
pouvant étre détachée I'unité intermédiaire (4, 81)
et I'unité avant (3, 31, 41, 51, 61, 71),

dans lequel I'unité avant (3, 31, 41, 51, 61, 71) pré-
sente un circuit d’attaque de transmission (9), lequel
fournit des signaux d’attaque au réseau de transduc-
teurs (6) et fait en sorte que le réseau de transduc-
teurs (6) transmette un faisceau ultrasonique, et un
préamplificateur (8), lequel amplifie les signaux de
réception émis a partir du réseau de transducteurs
(6),

caractérisé en ce que

I'unité intermédiaire (4, 81) comprend en outre une
unité de manoeuvre (21, 82) réalisant une manoeu-
vre d’entrée dans I'appareil de diagnostic par ultra-
sons et une unité d’affichage (19, 83) affichant des
informations, et

un changement sur un réseau de transducteurs (6)
présentant une bande de fréquences pour un dia-
gnostic prévu et un changement sur un circuit d’at-
taque de transmission (9) et un préamplificateur (8)
correspondant au réseau de transducteurs (6) sont
effectués en connectant une unité avant (3, 31, 41,
51,61, 71), sélectionnée parmi une pluralité d’unités
avant (3, 31, 41, 51, 61, 71) incluant des réseaux de
transducteurs (6) présentant des bandes de fré-
quences différentes et des tensions d’excitation dif-
férentes ainsi que des circuits d’attaque de trans-
mission (9) produisant des tensions d’attaque cor-
respondant aux réseaux de transducteurs (6) et des
préamplificateurs (8) présentant des bandes de fré-
quences correspondant aux bandes de fréquences
des réseaux de transducteurs (6), a 'unité intermé-
diaire (4, 81) par le biais du connecteur (5).

Appareil de diagnostic par ultrasons selon la reven-
dication 1, caractérisé en ce que l'unité avant (3,
31, 41, 51, 61, 71) et l'unité intermédiaire (4, 81)
comprennent des UC dédiées et sont connectées
de maniére a pouvoir étre détachées l'une de l'autre
par le biais du connecteur (5), lequel inclut une ligne
de signal de réception pour transmettre des signaux
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de réception amplifiés par le préamplificateur (8) de
I'unité avant (3, 31, 41, 51, 61, 71) et une ligne de
communication pour transmettre des signaux entre
les deux UC.

Appareil de diagnostic par ultrasons selon la reven-
dication 1 ou 2, caractérisé en ce que l'unité avant
(3,31,41,51,61, 71) comprend un multiplexeur (32,
52,53,72,73) connecté au réseau de transducteurs.

Appareil de diagnostic par ultrasons selon'une quel-
conque des revendications 1 a 3, caractérisé en ce
que le réseau de transducteurs (6) comprend un ré-
seau de transducteurs de transmission (43) dédié a
la transmission et un réseau de transducteurs de
réception (42) dédié a la réception.

Appareil de diagnostic par ultrasons selon'une quel-
conque des revendications 1 a 3, caractérisé en ce
que le réseau de transducteurs (6) comprend un ré-
seau de transducteurs a double fonction (6) pour la
transmission et la réception, et un réseau de trans-
ducteurs pour harmoniques (52) pour la réception
de composantes harmoniques.

Appareil de diagnostic par ultrasons selon'une quel-
conque des revendications 1 a 5, caractérisé en ce
que l'unité intermédiaire (4, 81) comprend un con-
vertisseur A/N (11) convertissant des signaux de ré-
ception amplifiés par le préamplificateur (8) de I'unité
avant (3, 31,41, 51,61, 71) en un signal numérique,
un processeur de signaux de réception (12) effec-
tuant une modulation de fréquence du signal numé-
riqgue obtenu par la conversion par le convertisseur
A/N (11) en une fréquence de bande de base, et un
convertisseur paralléle/série (13) réalisant une con-
version de paralléle en série du signal, lequel subit
une modulation de fréquence par le processeur de
signaux de réception (12).
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