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(57) ABSTRACT

A diagnostic ultrasound apparatus is disclosed comprising a
base board, an ultrasonic front-end analog circuit, a digital
processing circuit connected with the ultrasonic front-end
analog circuit, and a power module for providing electric
power to the ultrasonic front-end analog circuit and the digital
processing circuit. The ultrasonic front-end analog circuit is
implemented with a modular design, the digital processing
circuit and the power module being located at one half-region
of the base board, and the ultrasonic front-end analog circuit
being located at the other half-region of the base board. The
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(30) Foreign Application Priority Data the power module and the digital processing circuit such that
interference from the power supply and digital circuits is
Nov. 30,2007  (CN) oo 200710077460.4  prevented.
digital processing -
circuit
ultrasonic
front-end
analog
circuit
(ASIC)
power module -




Patent Application Publication Jun. 4,2009 Sheet 1 of 2 US 2009/0143683 A1

digital processing | o
circutt N -
ultrasonic
4 front-end
analog
circuit
(ASIC)
power module >
Fig.1
base board
heat
digital processing dlSSlp?.thH
module device
i ultrasonic
.| front-cnd front
"] analog
Y circuit .
left right
i front-end o
power module signal back
preprocessing

Fig.2



Patent Application Publication Jun. 4,2009 Sheet 2 of 2 US 2009/0143683 A1

IO external interface probe board
:; heat A
° dissipation Y
g device —
E | digital processing transmitt 1
= circuit ing |
o) P daughter
L] B board
'\
channel
l— »  selecting
Y cw front
daughter ‘
- front-end board ‘ (: oft ot
8 power module signal <+ ‘ &l° ng
preprocessing amplifier |
- f +ADC _| back
A
base board v ¢
battery A ‘ ‘ battery B

Fig.3



US 2009/0143683 A1l

DIAGNOSTIC ULTRASOUND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. 200710077460.4, filed Nov. 30, 2007, for
“Diagnostic Ultrasound Apparatus,” which is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] Thepresent disclosure relates to a portable diagnos-
tic ultrasound apparatus.

BRIEF SUMMARY

[0003] A diagnostic ultrasound apparatus includes a base
board, an ultrasonic front-end analog circuit, a digital pro-
cessing circuit connected with the ultrasonic front-end analog
circuit, and a power module for providing electric power to
the ultrasonic front-end analog circuit and the digital process-
ing circuit. The ultrasonic front-end analog circuit may be
implemented with a modular design, in which the digital
processing circuit and the power module are located at one
half-region of the base board, and the ultrasonic front-end
analog circuit is located at the other half-region of the base
board.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a circuit schematic diagram of a conven-
tional diagnostic ultrasound apparatus;

[0005] FIG. 2 shows a layout of a hardware circuit accord-
ing to an embodiment of the present disclosure; and

[0006] FIG. 3 shows a detailed layout of the hardware cir-
cuit according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0007] As shown in FIG. 1, a hardware circuit of a portable
diagnostic ultrasound apparatus generally comprises an ultra-
sonic front-end analog circuit, a digital processing circuit
(e.g., acomputer processing module) for processing and con-
trolling echo signals from the ultrasonic front-end analog
circuit, and a power module for providing electric power to
the ultrasonic front-end analog circuit and the digital process-
ing circuit. The ultrasonic front-end analog circuit comprises
a transmitting part and a receiving part, wherein ultrasonic
signals are transmitted generally at high voltage by the trans-
mitting part and low-noise echo signals are required at the
receiving part. As a result, a typical ultrasonic front-end ana-
log circuit requires very high performance characteristics.
[0008] In existing systems, the ultrasonic front-end analog
circuit is made in the form of a ASIC chip packaged using
BGA. However, once the ultrasonic front-end analog circuit
1s formed as an ASIC chip, it is troublesome to disassemble
and recover the ASIC chip due to its high integration level
when the image quality is determined to be degraded for the
performance of a certain channel after completing the assem-
bly as a whole. Furthermore, since the number of internal
channels has already been determined during the ASIC
design, it is generally not possible to change the number of
internal channels in the diagnostic ultrasound apparatus in
accordance with particular demands.

[0009] A aspect of the present disclosure is a diagnostic
ultrasound apparatus in which an ultrasonic front-end analog
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circuit is implemented with a standalone modular design,
such that the ultrasonic front-end analog circuit can have a
satisfactory anti-interference performance.

[0010] Inoneembodiment, the diagnostic ultrasound appa-
ratus comprising a base board, an ultrasonic front-end analog
circuit, a digital processing circuit connected with the ultra-
sonic front-end analog circuit, and a power module for pro-
viding electric power to the ultrasonic front-end analog cir-
cuit and the digital processing circuit. The ultrasonic front-
end analog circuit may be implemented with a modular
design, such that the digital processing circuit and the power
module are located at one half-region of the base board and
the ultrasonic front-end analog circuit is located at the other
half-region of the base board. In one embodiment, the power
module and a channel selecting module of the ultrasonic
front-end analog circuit are diagonally arranged on the base
board.

[0011] The disclosed portable diagnostic ultrasound appa-
ratus of the present disclosure utilizes a modular ultrasonic
front-end analog circuit, and various modules and channels
are designed independently so that it is convenient to
assemble, maintain, and subsequently upgrade the diagnostic
ultrasound apparatus. Furthermore, according to the present
disclosure, the ultrasonic front-end analog circuit is provided
sufficiently far away from the power module and the digital
processing circuit so as to prevent interference from the
power supply and digital circuits and enable the ultrasonic
front-end analog circuit to meet anti-interference require-
ments.

[0012] Referring to FIG. 2, the hardware circuit of a por-
table diagnostic ultrasound apparatus may comprise a base
board, an ultrasonic front-end analog circuit, a digital pro-
cessing circuit, and a power module. The ultrasonic front-end
analog circuit transmits ultrasonic waves, receives ultrasonic
echo signals, and performs a amplification and a analog-
digital conversion on the echo signals. The digital processing
circuit implements loading of an operating system, system
control, post-processing of images, user application inter-
faces, and external interfaces. The power module provides
electric power to the ultrasonic front-end analog circuit and
the digital processing circuit. The base board provides inter-
connections among a plurality of functional modules, as well
as other standard functions.

[0013] Inoneembodiment, the power module is located on
the left half-region of the base board with respect to the user
and close to the user i.e., a proximal left half-region of the
base board. The power module is separated from the other
modules and is well shielded. A board to board connection
may be made between the power module and the base board
in the form of a plug-socket mechanism.

[0014] The digital processing circuit may be located on the
left half-region of the base board with respect to the user, far
away from the user i.e., a distal left half-region of the base
board and mounted on the base board in the form of a daugh-
ter board. Since sufficient space between the base board (the
carrier board) and the daughter board is provided, a part of the
peripheral circuits of the digital processing circuit may still be
arranged on the base board area directly under the daughter
board to make full use of the compact space therebetween.
[0015] Inone embodiment, the ultrasonic front-end analog
circuit is located on the right half-region of the base board
with respect to the user. Considering the high power density
of the digital processing circuit, a heat dissipation device for
heat radiation of the digital processing circuit is provided
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between the digital processing circuit and the ultrasonic
front-end analog circuit. The dedicated heat dissipation
device may be omitted if power consumption of the digital
processing circuit is low. A front-end signal preprocessing
circuit is provided between the power module and the ultra-
sonic front-end analog circuit. The front-end signal prepro-
cessing circuit is electrically connected with the digital pro-
cessing circuit and the ultrasonic front-end analog circuit,
respectively.

[0016] Thus, the ultrasonic front-end analog circuit is
located far away from the power module and the digital pro-
cessing circuit so as to avoid interference therefrom.

[0017] In one embodiment, a shielding case for shielding
electromagnetic radiation is provided around the ultrasonic
front-end analog circuit to avoid interference from the power
module and the digital processing circuit.

[0018] The separation of the ultrasonic front-end analog
circuit from the power module and the digital processing
circuit effectively prevents strong EMC radiation transmitted
from the power module and the digital processing circuit,
thereby ensuring compliance with EMC regulation.

[0019] As shown in FIG. 3, the ultrasonic front-end analog
circuit comprises a channel selecting module, a transmitting
module, a CW (continuous wave Doppler) module, an ampli-
fier, and an analog-digital conversion module. The channel
selecting module is a circuit for selecting desired array ele-
ments in a probe for ultrasonic imaging. The transmitting
module is a circuit for transmitting ultrasonic waves. The CW
module is a circuit for implementing ultrasonic continuous
wave Doppler imaging. The amplifier and the analog-digital
conversion module are circuits for performing amplification
and analog-digital conversion on echoes from the probe.

[0020] In one embodiment, the channel selecting module
and the transmitting module are located on the right half-
region of the base board with respect to the user and far away
from the user, i.e., a distal right half-region of the base board.
The amplifier and the analog-digital conversion module are
located on the right half-region of the base board with respect
to the user and close to the user, i.e., a proximal right half-
region of the base board. The CW module may be located
above the amplifier and the analog-digital conversion module
in the form of a daughter board. A probe board electrically
connected to the channel selecting module may be provided at
the most forward part of the base board with respect to the
user, 1.e., at the forward part of the channel selecting module.
The probe board may have a board to board connection to the
base board in the form of a plug-socket mechanism. The
transmitting module may be connected with the base board in
the form of daughter board and located above the channel
selecting module.

[0021] Inoneembodiment, a second fan 2 for heat dissipa-
tion of the amplifier and the analog-digital conversion circuit
is provided at an edge portion of the base board (e.g., the right
edge portion of the base board with respect to the user) close
to the amplifier and the analog-digital conversion module of
the ultrasonic front-end analog circuit.

[0022] Batteries electrically connected with the power
module, such as batteries A and B shown in FIG. 3, are
provided at an edge portion of the base board close to the
power module (e.g., the edge portion of the base board nearby
the user). The batteries A and B are identical and exchange-
able with each other. Alternatively, only one battery may be
used as needed.
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[0023] A first fan 1 for heat dissipation of the power module
is provided at another edge portion of the base board nearby
the power module (e.g., the left edge portion of the base board
with respect to the user).

[0024] Interfaces electrically connected with the digital
processing circuit are provided at an edge portion of the base
board close to the digital processing circuit. 1O interfaces
available to the user that are arranged on the left of the digital
processing circuit may include a USB interface, a network
interface, a video signal interface (e.g., S-VIDEQ), and a
power adapter interface, etc. 10 extension interfaces are
arranged in front of the digital processing circuit (i.e., far
away from the user). By using special external 1O extenders,
these 10 extension interfaces may be extended as user 10
interfaces, such as USB interfaces, network interfaces,
S-VIDEQ interfaces, parallel interfaces, and VGA interfaces.

[0025] The layout method will be described in four aspects
as follows:

[0026] 1. Performance

[0027] Such the layout as the power module being located

at the left-rear part of the diagnostic ultrasound apparatus, the
digital processing circuit being located at the left-front part of
the diagnostic ultrasound apparatus, the ultrasonic transmit-
ting and receiving channel selecting circuit being located at
the right-front part of the diagnostic ultrasound apparatus and
the amplifier and analog-digital conversion module being
located at the right-rear part of the diagnostic ultrasound
apparatus ensures that the front-end analog circuit with weak
signals is separated and far away from the power module and
the digital processing circuit, which effectively prevents
interference from the power supply and digital circuits. The
shielding case of the analog circuit further improves anti-
interference capability.

[0028] 2. Function

[0029] Such the layout as the digital processing circuit
being located at the left-front part of the diagnostic ultrasound
apparatus, user 10 interfaces and IO extension interfaces
being respectively arranged on the left and front of the digital
processing circuit effectively meets the shaping and user
requirements, minimizes the lengths of PCB traces between
the user 10 interfaces and the digital processing circuit, and
ensures performance of user interfaces.

[0030] 3. Heat Dissipation

[0031] Because the power density of the digital processing
circuit is high, a heat dissipation device composed of fins and
fan is provided at the right side of the digital processing
circuit. A special heat dissipation block is provided above the
digital processing circuit and a number of heat pipes are
provided therein to transfer heat generated from the digital
processing circuit to the fins on the right side and the heat is
transferred into the atmosphere by the fan.

[0032] The power module also generates a large amount of
heat, and thus a fan 1 is provided at the left of the power
module to improve ventilation and heat dissipation.

[0033] Becausea large amountofheatis generated from the
amplifier and the analog-digital conversion module (ADC) of
the analog circuit, a fan 2 is provided at the right of the
amplifier and ADC to improve ventilation and heat dissipa-
tion.

[0034] 4.EMC

[0035] Separating the ultrasonic front-end analog circuit,
the power module, and the digital processing circuit effec-
tively prevents strong EMC radiation transmitted from the
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power module and the digital processing circuit, thereby
ensuring compliance with EMC regulation.

[0036] In the above-mentioned embodiment, the position
of the ultrasonic front-end analog circuit with respect to the
power module and the digital processing circuit may also be
changed by rotation or reversion. For example, the power
module and the digital processing circuit may be located at
the right side of the base board and the ultrasonic front-end
analog circuit may be located at the left side of the base board.
[0037] Methods of connections among various modules are
not limited to such means as a daughter board or board to
board connection with a plug-socket mechanism. Other
means (such as cable connection) may also be used to realize
connections between these modules.

[0038] Thedaughterboard is not limited to a board with one
layer, but could include two or more layers. As for the trans-
mitting module and the CW module, it may not necessary to
use the daughter board, and they may also be implemented
directly on the base board.

[0039] The channel selecting circuit, the amplifier, and the
analog-digital conversion module are not limited to being
arranged on the base board. The entire analog circuit (includ-
ing the transmitting module and CW module) may be sepa-
rately made into a module formed by one PCB or a module
comprised of several PCBs connected by daughter-carrier
boards. This analog circuit module may be connected to the
base board by means of'a cable connection or a board to board
connection with a plug-socket mechanism.

[0040] The functions of the digital processing circuit may
be realized by an IPC (industry personal computer) module,
an embedded system, a FPGA, a DSP and an ASIC, and may
be directly implemented on the base board rather than by
daughter board.

[0041] The above detailed description should be under-
stood as anillustration of specific embodiments of the present
invention, and not as a limitation of the invention. It will be
apparent to those skilled in the art that variations, alternatives,
and alterations may be made to the embodiments herein dis-
closed without departing from the spirit or scope of the
present invention.

What is claimed is:

1. A diagnostic ultrasound apparatus, comprising;

abase board,

an ultrasonic front-end analog circuit,

a digital processing circuit connected with the ultrasonic
front-end analog circuit, and

a power module for providing electric power to the ultra-
sonic front-end analog circuit and the digital processing
circuit,

wherein the ultrasonic front-end analog circuit is imple-
mented with a modular design, and

wherein the digital processing circuit and the power mod-
ule are located at one half-region of the base board, and
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the ultrasonic front-end analog circuit is located at the
other half-region of the base board.

2. The diagnostic ultrasound apparatus of claim 1, wherein
the power module and a channel selecting module of the
ultrasonic front-end analog circuit are diagonally arranged on
the base board.

3. The diagnostic ultrasound apparatus of claim 2, wherein
a heat dissipation device for providing heat dissipation pro-
cessing for the digital processing circuit is provided between
the digital processing circuit and the ultrasonic front-end
analog circuit.

4. The diagnostic ultrasound apparatus of claim 3, wherein
a front-end signal preprocessing circuit is provided between
the power module and the ultrasonic front-end analog circuit,
and the front-end signal preprocessing circuit is electrically
connected with the digital processing circuit and the ultra-
sonic front-end analog circuit, respectively.

5. The diagnostic ultrasound apparatus of claim 2, wherein
the base board comprises a proximal left half-region, a distal
left half-region, a proximal right half-region, and a distal
right-half region, wherein the power module is located at the
proximal left half-region of the base board, wherein the digi-
tal processing circuit is located at the distal left half-region of
the base board, wherein the channel selecting module and a
transmitting module of the ultrasonic front-end analog circuit
are located at the distal right half-region of the base board, and
wherein an amplifier and an analog-digital conversion mod-
ule of the ultrasonic front-end analog circuit are located at the
proximal right half-region of the base board.

6. The diagnostic ultrasound apparatus of claim 5, wherein
the power module is connected with the base board in the
form of a plug-socket mechanism, the digital processing cit-
cuitis connected with the base board in the form of a daughter
board and the transmitting module is connected with the base
board in the form of a daughter board and located above the
channel selecting module.

7. The diagnostic ultrasound apparatus of claim 1, wherein
a shielding case for shielding radiated interference from the
power module and the digital processing circuit is provided at
the periphery of the ultrasonic front-end analog circuit.

8. The diagnostic ultrasound apparatus of claim 7, wherein
a battery electrically connected with the power module and a
first fan for heat dissipation of the power module are provided
at an edge of the base board close to the power module.

9. The diagnostic ultrasound apparatus of claim 7, wherein
an external user interface electrically connected with the digi-
tal processing circuit is provided at an edge of the base board
close to the digital processing circuit.

10. The diagnostic ultrasound apparatus of claim 7,
wherein a second fan for heat dissipation of the ultrasonic
front-end analog circuit is provided at an edge of the base
board close to the amplifier and the analog-digital conversion
module of the ultrasonic front-end analog circuit.

* sk * sk *
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