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(57) ABSTRACT

A modular diagnostic ultrasound apparatus is provided com-
prising a core unit, system electronics and an I/O port. The
core unit comprises a housing and a system electronics pack-
age within the housing. The system electronics has one or
more concatenated filters, including a front end transmit/
receive circuit, a processor, a back end circuit for scan con-
version, a system clock and a programmable system memory
device. Thereis at least one /O port connected to the front end
and the back end of the system electronics package and
extending through the core unit housing wherein all system
data processing information is transmitted or received
through the I/O port.
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MODULAR APPARATUS FOR DIAGNOSTIC
ULTRASOUND

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a divisional of co-pend-
ing, commonly assigned, patent application Ser. No. 10/356,
335 entitled “MODULAR APPARATUS FOR DIAGNOS-
TIC ULTRASOUND,” filed Jan. 31, 2003, which itself
claims priority to U.S. Provisional Patent Application 60/369,
023, entitled “LAPTOP ULTRASOUND DEVICE,” filed
Mar. 29, 2002, the disclosures of which are hereby incorpo-
rated herein by reference.

[0002] This case also includes common subject matter with
U.S. patent application Ser. No. 10/356,401, filed Jan. 31,
2003, the contents of which arc herein incorporated by refer-
ence.

TECHNICAL FIELD

[0003] The present invention relates to diagnostic ultra-
sound equipment. More particularly the present invention
describes a modular system having a mobile core module for
data processing, beam forming and system operations, and
additional modules capable of connecting to the core module
to provide additional features and connectivity to peripheral
devices needed in diagnostic ultrasound procedures.

BACKGROUND OF THE INVENTION

[0004] Modem ultrasound diagnostic systems are large,
complex instruments. Today’s premium ultrasound systems,
while mounted in carts for portability, continue to weigh
several hundred pounds. In the past, ultrasound systems such
as the ADR 4000 ultrasound system, produced by Advanced
Technology Laboratories, Inc., were smaller desktop units
about the size of a personal computer. However such instru-
ments lacked many of the advanced features of today’s pre-
mium ultrasound systems such as color Doppler imaging and
three dimensional display capabilities.

[0005] Thejudicious use of power and signal processing on
ASIC devices has enabled smaller system to push past the
feature limitations in smaller older systems that employed
mechanical transducers or analog chip sets. Digital beam-
forming and advanced processing are now available on
smaller systems such as the SonoHeart Elite, by SonoSite,
Inc., and common assignee of the present invention. The
success of the handheld device has spawned competitive
products that are beginning to offer more advanced features.
However, the use of a small handheld requires a trade off in
the form of display size and battery life. Cart based units
provide users with the luxury of full sized CRT monitors, as
well as a host of peripheral devices at the ready. Hand held
devices offer portability, but are restricted to the features built
in to their chassis. Some hand held devices are offered in
combination with an interface to added peripherals through a
cart add on, however this increases the cost of the device and
requires a user to buy specialized equipment from the manu-
facturer of the handheld.

[0006] Thus, there remains a need for a diagnostic ultra-
sound instrument which provides the advantages of light
weight mobility, combined with advanced functionality tra-
ditionally restricted to larger cart based system.

[0007] There is also a need for a more economical diagnos-
tic ultrasound system that will allow small users and institu-
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tions to purchase ultrasound units that have the capacity the
user or institution requires without having to pay the expense
of additional features the user or institution will not use.

[0008] There further remains a need for a device that is
portable, and remains highly resistant to shock damage from
being dropped or jostled during transport from place to place.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention relates to a modular diagnos-
tic ultrasound apparatus for use in multiple environments. In
afirst embodiment a modular diagnostic ultrasound apparatus
is disclosed comprising a core unit, a system electronics
package and at least one 1/O port. The core unit is a housing
containing the system electronics package. The system elec-
tronics package has one or more concatenated functions and
includes a front end transmit/receive circuit, a processor, a
back end circuit for scan conversion, a system clock and a
programmable system memory device. There is also at least
one I/0 port connected to the front end and the back end ofthe
system electronics package and extending through the core
unit housing wherein all system data processing information
is transmitted or received through the at least one I/O port.
[0010] In a second embodiment, a modular diagnostic
ultrasound apparatus contained within a clamshell style
enclosure weighing less than 10 pounds (4.5 kg), said enclo-
sure further comprising: a bottom unit having a system elec-
tronics package, a battery, a plurality of user interface ele-
ments positioned substantially on a top surface of said bottom
unit, at least one I/O port connector in electronic communi-
cation with said system electronics package and extending
through the enclosure; a top unit hingedly connected to said
bottom unit, consisting of a video display screen; and an
aperture for receiving a transducer connector, said aperture
being positioned substantially on the underside of the bottom
unit.

[0011] In another aspect of the present invention, a mini-
dock for connecting peripheral devices to a modular diagnos-
tic ultrasound apparatus is disclosed, the mini-dock compris-
ing: a receptacle housing; a plurality of peripheral device
ports, mounted in the receptacle housing, each peripheral
device port connected to one or more individual electrical
connector(s) for electrical communication with a receptacle;
and a receptacle for releasably mating with an I/O port of the
modular diagnostic ultrasound apparatus, the receptacle
capable of electronic communication with said plurality of
peripheral device ports.

[0012] Another aspect of the present invention is a docking
station for connecting a plurality of peripheral devices to a
modular diagnostic ultrasound apparatus, the docking station
comprising: a mini-dock having a housing, a plurality of
peripheral device ports in electronic communication with a
receptacle, the mini-dock being fixedly attached to a base; a
base having a means for guiding a modular diagnostic ultra-
sound apparatus into alignment with the mini-dock, and a
means for securing the modular diagnostic ultrasound appa-
ratus to the mini-dock; and a power supply incorporated
within the base and in electronic communication with the
mini-dock such that electrical power can be fed from the
power supply to the modular ultrasound apparatus through
the mini-dock.

[0013] Another aspect of the modular diagnostic ultra-
sound apparatus is a multi-transducer connector module
(multi-tap module) comprising a housing having a raised
relief connector for mating with an aperture for a transducer
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connector on a modular diagnostic ultrasound apparatus, the
multi-transducer connector having a plurality of recess con-
nectors for fittingly engaging a plurality of transducer con-
nectors (each using a raised relief connector adaptor), the
housing having a switch for each recess connector by which
an operator can select which transducer is connected to the
ultrasound device to be used at any particular moment. The
switch for selecting which transducer to be used may either be
an electromechanical switch, or asoftware implementation of
a switch controlled through the user interface of the modular
diagnostic ultrasound apparatus.

[0014] Still another aspect of the present invention is a
mobile clocking station for use with a modular diagnostic
ultrasound apparatus comprising: a base having a plurality of
castors wherein at least one said castor is capable of locking;
a tower mounted on said base; a clocking station located
substantially near the top of the tower, the docking station
capable of releasably receiving a modular diagnostic ultra-
sound apparatus; and a recesses for a plurality of peripheral
devices, ergonomically positioned within said tower to allow
a user convenient operation of the modular diagnostic ultra-
sound apparatus and a number of peripheral devices in the
course of a diagnostic ultrasound scan procedure.

[0015] The modular diagnostic ultrasound apparatus also
includes a system for diagnostic ultrasound examinations
comprising a modular diagnostic ultrasound apparatus hav-
ing an aperture for receiving a transducer connector, a sample
data beamformer and signal processing electronics combined
and at least one I/O port, the modular ultrasound apparatus
being releasably connected to a mini-dock; a mini-dock hav-
ing a plurality of peripheral device ports and a receptacle for
releasably engaging said 1/O port; and a mobile docking
station for the modular diagnostic ultrasound apparatus, a
tower, a plurality of recesses for peripheral devices and base;
wherein the modular diagnostic ultrasound apparatus may
operate as a portable diagnostic ultrasound device when
removed from said system, or as a cart style ultrasound sys-
tem when in electronic communication with said mini-dock.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1A illustrates in block diagram form the archi-
tecture of a hand held ultrasound system.

[0017] FIG. 1B shows a core unit module of the present
invention.

[0018] FIG. 1C shows a clamshell embodiment of the core
unit.

[0019] FIG. 2 shows a mini-dock style connector module.
[0020] FIG. 3 shows a docking station style system module.
[0021] FIG. 4 shows a mobile workstation style system
module.

[0022] FIG. 5 shows a multi-tap transducer module.
[0023] FIG. 6 shows a multi station system incorporating

all the modules.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The focus of the present invention lies in a modular
ultrasound system having a core module having the essential
ultrasound processor functions, and a series of additional
modules which, when combined with the core module; pro-
vide expanded capability and utility to the core module. The
following description gives both the principle embodiment
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and alternative embodiments of the invention. Use of certain
terms in the disclosure warrant clarification before anin depth
discussion can occur.

[0025] The invention presented here is for an ultrasound
device to be principally used for diagnostic purposes. How-
ever the term diagnostic should not be misconstrued to be
read as being for non-therapeutic purposes. We use the term
diagnostic to mean providing high quality imaging, as is
characteristic of diagnostic imaging devices in the medical
ultrasound industry. Because the present invention can pro-
vide images for use in biopsy procedures, Peripherally
Inserted Central Catheter (PICC) lines and other procedures,
the use of the ultrasound device herein is not purely for
diagnosis of diseases. However, we specifically disclaim any
use of the present invention for a purely therapeutic purpose,
such as ablative ultrasound, thermal heating (as in the treat-
ment of hypothermia) or mechanical tissue disruption, such
as the generation of cavitation effects. The diagnostic ultra-
sound device of the present invention runs with the same
power and frequency of devices used for diagnostic imaging,
or therapies using diagnostic imaging—the device itself is not
used as the source of therapy.

[0026] A focal point of the invention is the communication
ability of the core module to the various other modules that
comprise the system of the invention. Thus the core module
has single I/O port in its preferred embodiment sometimes
referred to as the plug. The plug is a multi-pin electronic
communication adaptor for matingly engaging a receptacle.
The receptacle is a device with a corresponding pin set to
match up the plug, and read data from the core module and
sort it out to a variety of other devices that are in electronic
communication with the receptacle. In alternative embodi-
ments, there may be multiple /O ports and a plug. The plug
retains its function in all embodiments of the present inven-
tion, though electronic communication with additional mod-
ule and components may be achieved through dedicated
ports. Any port in addition to the plug is a dedicate I/O port
designed to receive input, or transmit output to a particular
device. Likewise, in alternative embodiments of modules
with a receptacle, there are no other I/0 ports involved except
the receptacle designed to mate with and communicate with
the plug.

[0027] Thecoreunit has a system electronics that should be
understood to be the central processing core of the ultrasound
device and the ultrasound engine. It can be thought of as an
ultrasound motherboard. The system electronics of the core
module, both in the preferred embodiment, and alternative
embodiments, has the capacity to recognize and drive a group
of transducer arrays such that a single core module can be
connected with a plurality of transducers and perform all
types of ultrasound procedures the transducers are designed
for.

[0028] Turning now to FIG. 1A, a core module 10 for an
ultrasound system is illustrated having system electronics 14
allowing the core module 10 to operate as a data processing
and signal processing unit for a modular ultrasound system
60. The core module 10 comprises a housing 11 having the
system electronics 14 mated to an I/O connector (plug) 12. A
gap space 13 exists between the system electronics 14 and
housing 11 and can be filled with an impact resistant padding
material, or the housing can be made to abut the system
electronics to eliminate or minimize the gap space. Its sim-
plest form the core module 10 comprises just the system
electronics 14 without a power supply, transducer, video
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interface or user interface. The core module 10 is highly
mobile and very lightweight. The core module can be easily
moved from place to place and mated to a modular ultrasound
system 60 having the additional components desired for per-
forming any variety of ultrasound scans.

[0029] The system electronics 14 (FIG. 1B) has one or
more concatenated functions (filters) and includes a transmit/
receive ASIC (beamformer) which are capable of driving one
or more transducer arrays (not shown). The concatenated
functions are ultrasound functions for processing signals in
various ways. Two examples are a QBP filter and a digital
Doppler processing function. The concatenated functions are
not necessarily serially linked in that they require each other
to operate. Though this is true in some cases where the pro-
cessing of one type of signal is needed for the handling of
another QBP can be used by both a B mode and a PW Doppler
mode), it is not necessary that a circuit for color power angio
is linked together with continuous wave Doppler, in this
instance, the filters can operate independently. The transmit/
receive ASIC also controls the active transmit and receive
apertures of a transducer array and the gain of the received
echo signals. Echo data received by the transmit/receive
ASIC are provided to the adjacent front end ASIC, which
digitizes and beamforms the echoes from the individual trans-
ducer elements into coherent scan line signals. The front end
ASIC also controls the transmit waveform timing, aperture
and focusing of the ultrasound beam through control signals
provided for by the transmit/receive ASIC. A memory device
is connected to the front end ASIC which stores data used by
the beamformer.

[0030] The beamformed scan line signals are coupled from
the front end ASIC to the adjacent digital signal processing
ASIC. The digital signal processing ASIC filters the scan line
signals and can provide additional features such as synthetic
aperture formation, frequency compounding, Doppler pro-
cessing such as power Doppler (color power angio) process-
ing, speckle reduction, and pulse wave Doppler. Additional
features such as continuous wave Doppler, can be incorpo-
rated into the system electronics if desired.

[0031] The ultrasound information is then coupled to the
adjacent back end ASIC for scan conversion and the produc-
tion of video outputs signals through the I/O port to the
monitoring device attached to the core module. A memory
device is coupled to the back end ASIC to provide storage
used in three dimensional. 2D and power Dappler (3d CPA)
imagine. The back end ASIC also adds alphanumeric infor-
mation to the display such as the time, date, and patient
identification. A graphics processor overlays the ultrasound
image with information such as depth and focus markers and
cursors. The graphics processor need not be incorporated into
the core electronics system package, instead relying on a
dedicated graphics processor card integrated into a docking
module 40 of the modular system 60, and receiving the nec-
essary component information from the core module. The
video data can be transmitted through the /O port 12 in one of
several formats including NTSC, PAL, and RGB. Frames of
ultrasound images are exported to an external video memory
again through the I/O port 12 coupled to the back end ASIC.
The stored data can be retrieved through the system electron-
ics using a playback mode for either live Cineloop® real time
sequence or as individual stills.

[0032] Theback end ASIC also includes the central proces-
sor for the core module. The central processor is preferably a
RISC (reduced instruction set controller) processor. The
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RISC processor is coupled to the front-end and digital signal
processing ASICs to control and synchronize the processing
and control functions for both the core module, and the modu-
lar system the core module may be linked into at the time. A
program memory is coupled to the back end ASIC to store
program data which is used by the RISC processor to operate
and control the core module, and the various elements of the
modular system (transducer, multitap connector, video data
overlay features, etc.). The RISC processor is also coupled to
any user interface controls connected to the modular system,
the RISC processor accepts user inputs to direct and control
the operations of the core module, and the modular system as
illustrated, all the inputs and outputs of the system electronics
are designed to go through a single I/O port 12.

[0033] The main system, application and control software
are stored in a persistent memory device integrated directly
into the system electronics. The system software, control
software and application software are loaded into the system
electronics processors during power up. The core module
may use any number of persistent memory devices integrated
into the system electronics. Each ASIC includes a separate
memory core having the necessary loadable data on it that is
loaded into each ASIC during the power up cycle. The main
system and application software includes the essential driver
and communications information for the core module to com-
municate with, and control, a select number of peripherals. In
particular these peripherals include scan heads, preferred user
1/O devices (such as keyboards, pointer devices and touch
screen interface recognition), printers, VCRs, monitors and
data storage devices. The entire volume of system and appli-
cation software should be efficiently coded to preserve space
and avoid the need for a large capacity storage device like a
hard drive. Since the core module is principally designed for
diagnostic ultrasound, large capacity storage devices such as
hard drives should not be necessary. The omission of devices
like a hard drive, power supply and other elements commonly
incorporated into computers or typical hand held products
allows the core module to be manufactured with the smallest
foot print the technology will allow. The housing for the core
module only needs to securely enclose the system electronics
and the /O port. To improve impact resistance, the system
electronics can be encased in resin or epoxy.

[0034] Power for the core module is provided by the modu-
lar system through the I/O port, or in the alternative, through
a separate [/O used as a dedicated power terminal. Although
the core module preferably does not have a built in power
supply, it still requires a power monitoring/regulating circuit
to provide proper power to the individual components during
use. An external power supply can feed energy to the core
module either through the /O port, or through a dedicated
power adaptor; however the power supply “brick” must be
separate from the core module.

[0035] In an alternative embodiment, the core module can
incorporate additional hardware elements allowing the core
module to operate as a stand alone device. In a first alternative
embodiment, the core module 10 includes the features of
previously described hand-held ultrasound systems in the
form of system electronics, video out with the addition of an
on board video display device 26, and a plurality of user
inputs 28 in the form ofa pointer, alphanumeric keypad, touch
screen, programmable hot keys, and/or display control dials.
This embodiment may also include speakers for audio output
(not shown) and/or a direct transducer connection 24. The
core module 10 now requires an internal power supply 25 in
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the form of a battery in order to operate as a stand alone
device. This embodiment also requires either a built in or
removable data storage device.

[0036] For ergonomic considerations, the stand alone ver-
sion of the core module may be in the form of a tablet style PC
or a laptop computer, as both of these designs are commonly
used today and provide users with a familiar design and
interface mode. In these embodiments the core module must
have sufficient video capabilities to drive the video device
coupled to the core module, such as an LCD device. The
display output can be as low as six bit to provide sufficient
color capacity to drive the core module video display, or an
external display that the core module may be attached to. The
display output is preferably 8 or 16 bit, but can be include 24
bit ROB output. Color supporting bandwidth is necessary for
some ultrasound scans that involve color display (PW, color
angio) or higher definition gray scale. Where the core module
10 may be connected to a clocking station 40 having an
independent video processor, the data necessary for the video
display need only be transmitted to the independent video
processor. Itis both possibleand desirable in certain instances
to be able to utilize both displays simultaneously, such as in
the instances where more than one display is desired, or
where it is necessary to check one display against the other as
in a system diagnostic test.

[0037] In another variation on this embodiment, a form
factor having the tablet or laptop configuration may include a
built in handle 23. The handle 23 may he used strictly for
carrying the core module 20, or it may serve as a sound
chamber for speakers built into the handle. The handle may
also serve as an [/O port for a dedicated connection, such as an
external mouse, power adaptor or other user interface tool. In
operation a user may use the handle as a wrist rest to reduce
the incidence of repetitive motion syndrome while inputting
information into the core module 10 through the user inter-
face 28.

[0038] No matter what user interface elements are incorpo-
rated into the core module, the principle design is still focused
toward, and optimized for, using the core module with a
modular system. Thus while the core module may have the
features of a portable or hand-held ultrasound system, it
remains primarily the core module of a larger modular system
that has greater capacity for complete diagnostic ultrasound
scans with a full range of peripheral devices at the ready.
[0039] The connection between the core module 10 and the
modular system is through a receptacle module 30 or mini-
dock. The receptacle module 30 connects peripheral devices
to the core module 10. The receptacle module 30 comprises a
receptacle housing, peripheral ports 34 and a receptacle 32.
The receptacle module housing is a body designed to contain
the hardware needed to provide the electronic communica-
tion between the peripheral devices and the core module 10.
A plurality of peripheral device ports 34 are mounted in said
receptacle housing 30, each peripheral device port is con-
nected to one or more individual electrical connector(s) for
electrical communication with a receptacle 32. The recep-
tacle 32 is designed for releasably mating with the [/O port 12
of the core module 10. Thus the core module 10 may com-
municate with the desired peripheral devices through the
receptacle module, and vice versa.

[0040] The electronic communication between said recep-
tacle 32 and the plurality of peripheral device ports 34 can be
either a pass through connection or an active connection. If
the connection is active, the receptacle module 30 contains
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one or more active circuits. The interface functions essen-
tially as an interface converter for signals. Typically theactive
circuits required are analog to digital (A/D) and digital to
analog (D/A) converts for video out and in. It may also pet-
form digital-to-digital conversion (D/D) for different digital
video outputs. By placing the A/D and D/A converters in the
receptacle housing 30, space and weight is conserved within
the core module 10. This provides a substantial weight and
real estate savings in the core module 10 whether it is used as
astand alone unit, or as a central processing core for a modu-
lar system. Video A/D and D/A converters should not be
needed in the core module having built in video, since the
built in display should be able to use the native signal without
conversion.

[0041] The receptacle housing may also have a latching
mechanism 35 for securing itself to the core module 10. A
simple latch, such as tension locking arms or hooks may be
used, of an interlocking connector like rails and grooves. A
manual release of the interlocking mechanism allows for an
easy release of the core module and the receptacle module.
This feature may be found in another module when the recep-
tacle module 30 is connected to either a docking station 40 or
a mobile docking stand 50. The receptacle housing itself
contains all the connectors needed for the core unit to inter-
face with a wide body of peripheral devices. Examples of
such connections include specialized adaptors for power 344,
printer 345, network 34c¢, Ethernet 34d, RS232 adaptor 34e,
S-video out 34f, VGA out 34g, composite video out 342,
sound out 34, physio-adaptor 34/ (as for an ECG measuring
device), and transducer adaptor 34k The physio port is
designed for receiving input from a device that measures
some physiological parameter that a user can combine with a
diagnostic ultrasound scan to produce a more accurate diag-
nosis. Electro cardio gram (ECG) measurements are an
example of such a physio-monitoring device that can be used
in conjunction with the ultrasound scan. Additional controls
for a full sized user interface station (keyboard, pointer, input
devices) may use an additional port, or go through the Ether-
net adaptor 34d or RS232 3de port. The peripheral devices are
“off the shelf” materials commonly used in hospitals and
ultrasound scanning environments, and the receptacle hous-
ing uses peripheral ports to match these existing technologies.
However the receptacle module can be constructed and con-
figured to communicate with virtually any device so long as
the system electronics 14 has the appropriate communica-
tions protocol programmed into it. The receptacle housing
may further include a surge protector(not shown) to shield the
core module from electrical surges while plugged into a
power supply.

[0042] The receptacle housing uses a plurality of electrical
pins in the receptacle 32 for communication with the I/O port
12 of the core module 10. The layout of the pins varies with
the intended communication the core module would need to
interact with a modular system. or a series of stand alone
peripherals. Further pin economy may be achieved by using
the same pins for communicating to different devices through
a well timed cycle of instructions based on the system clock,
such as with an 12C protocol. An example of the pin layout is
as follows:

[0043] PINS 1-20 Power and around
[0044] PINS 21-106 Digital video out
[0045] PINS 107-143 Communication links, (e.g. RS232.

Ethernet, USB printer, 12C.
[0046] ECG and Audio in/out).
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[0047] PINS 144-200 Connection status lines, additional
ground lines, and spare lines.

[0048] In a fourth embodiment of the present invention, a
docking station 40 is designed to mate with the core module
10 through a receptacle module 30. The docking station 40 is
used for connecting a plurality of peripheral devices to the
core module. The docking station 40 comprising a receptacle
module 30 component as described above attached to a base
unit 42. The base unit 42 has a means for guiding the core
module 10 into alignment with the receptacle module 30. The
base 42 also preferably includes a means for securing the core
module and the receptacle module into place while con-
nected. The means for guiding the core module into place and
securing the core module into position can be the same fea-
ture. By way of example, the docking station may include a
mechanical tray or cradle having an open position that the
core module can be placed into, then the mechanical tray or
cradle is moved to a closed position with the core module in
place. The movement of the mechanical tray or cradle causes
the core module to be moved into the proper position and
locked into position at the same time. As long as the mechani-
cal tray or cradle is in place the core module cannot be
removed or become misaligned. The mechanism could be a
simple funnel type of guide rails that ensure the core module
is funneled into the correct orientation for proper docking.
The user in this case must apply the necessary force to ensure
the core module and receptacle module or docking station
properly line up. An electromechanical device may also be
used. A small motor Could be used to perform the mechanical
work of a person, and the motor could be activated as soon as
it detects the core module in place, or by the push of a button
from a user. The docking station incorporates a power supply
within the base and in electronic communication with the
receptacle module such that electrical power can be led from
the power supply to the core module through the receptacle
module/mini-dock.

[0049] Alternatively the docking station may utilize ahous-
ing having a slot or aperture for slidably receiving the core
module. Thus in a fashion similar to the way a VHS tape is
inserted into a VCR, the core module would be placed into the
docking station having a housing, and an electromechanical
component would draw the core module into the housing and
secure it in place. In this embodiment the housing can be
either attached to the base, or incorporate the base into a
single component. In this embodiment it is not possible to
utilize and video display which may be incorporated into the
core module, therefore it would be preferable to reinforce the
internal frame of the housing to support the weight of a video
display, such as a CRT, LCD or plasma display monitor.
[0050] In either format, the docking station would not be
mobile, so the use of additional accessories that ordinarily
would not be considered highly portable is logistically
acceptable here. Such additional components include a larger,
more ergonomically designed user interface, such as a full
size QWERTY style keyboard, a pointing device such as a
mouse, track ball or “joy stick.” A large touch screen can also
be used to allow the use of on screen hot keys and supple-
mental pointer device.

[0051] A fifth module for use with the docking station is a
multi-transducer interface module 50. The multi-transducer
interface module 50 has a single transducer connector 51 for
mating with the docking station 40, or in the alternative with
the transducer connector aperture 24 of the core module, and
a plurality of transducer connector apertures 52 incorporated
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into the multi-tap module. In this manner the docking station
40 can have at the ready a variety of ultrasound probes, such
as a neonatal probe, trans-esophageal probe, or any other
probe desired to be used in a diagnostic scan. When the core
module 10 is mated to the docking station 40 and powered up,
the core module 10 can detect which transducers are con-
nected to the system and select the appropriate beamformer
program and data processing to match the probe. The multi-
tap module 50 may incorporate either a plurality of electro-
mechanical switches 53 to allow a user to switch between
probes, of the core module 10 may contain a soft switch
within its system electronics package to switch between
transducers at the direction of a user.

[0052] Additional utility is realized in a sixth embodiment
in the form of a mobile docking station 45. The mobile dock-
ing station 45 comprises a base 44 having a plurality of
castors 46 wherein at least one said castor is capable of
locking, a tower 48 is mounted on the base and a docking
station 40 is located substantially near the top of the tower 48,
the docking station 40 is capable of releasably receiving the
core module 10.

[0053] The mobile docking station 45 can incorporate a
plurality of storage bins into the tower design. The bins can be
used for the storage of both peripheral devices such as a
printer, data storage device and VCR, as well as peripheral
equipment such as coupling gels, transducers, connecting
cables and the like. The tower is preferably height adjustable
and may include gas cylinders actuated by a manual trigger to
raise or lower the docking station. The tower is preferably a
weight balanced design to avoid imbalance of the mobile
docking station either while in use, or while being moved
from placeto place. The tower may be any design correspond-
ing to the weight balanced design, such as an “A” frame, “Z”
frame, an inverted “T” frame, or an *“1” frame. Multiple other
frames are equally usable assuming the base has been
weighted to compensate for the positioning of peripheral
devices and accessory products that might be used in the
ordinary course of the mobile docking station.

[0054] Similarin the design and intended use of the station-
ary docking station, the mobile docking station can incorpo-
rate the interface to the core module for a multi-transducer
adaptor (multi-tap module) and an enhanced user interface
utilizing full sized components for ease of use.

[0055] In another embodiment of the present invention, a
system 60 is envisioned for providing enhanced diagnostic
ultrasound flexibility and capacity through the use of one or
more core modules 10 and a plurality of docking stations 40.
The docking stations may either be desktop (stationary 40) or
mobile 45 in design. In this manner, a user, such as a hospital
or clinic can reduce the costs of purchasing a variety of
ultrasound devices, and instead purchase a multitude of
cheaper docking stations 40 or mobile docking stations 45. It
can be appreciated by those who perform ultrasound scans
that there is an advantage for only paying for expensive equip-
ment such as the core module once or twice, and being able to
carry that around easily and using it with cheaper docking
stations or mobile docking stations. Substantial savings in
capital equipment may be made in using a system of this
design. The alternative embodiment of the core module 10
which incorporates hand held functionality can then operate
as amobile or field device and then return to a docking station
for operation with a plurality of peripheral devices, thus
enabling the mobile unit to perform as the processor for an
ultrasound suite. The core module 10 is designed to provide
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complex ultrasound capabilities such as those found in large,
premium devices, as well as scaled down feature sets in the
event it is plugged into a dock with less capable peripherals.
The core module is fairly simple in construction, yet provides
the processing for as many ultrasound features as a user may
desire. The core may be easily and quickly removed from one
dock and inserted into another, even if the docking station is
“hot” (powered).

[0056] Where the core module is moved from one docking
station to another within system 60, the system electronics
package has the capability to either automatically detect, or
identify through user input, the type of ultrasound probe
attached to the docking station it is being used with, and draw
on the appropriate concatenated filters needed. This allows
maximum flexibility and minimum user effort in the system.
[0057] While the descriptions above provide a sense of the
invention, the full scope of the invention is more accurately
provided in the appended claims.

What is claimed is:

1. A modular diagnostic ultrasound system, said system
comprising:

a core module having at least one I/O port; and

areceptacle module releasably mated with said core mod-

ule for connecting a plurality of diagnostic probes to said
core module via said at least one I/O port,

wherein when said core module is mated to said receptacle

module, said core module detects which of'said plurality
of diagnostic probes are attached to said receptacle mod-
ule, switches between said plurality of diagnostic probes
at the direction of a user, and selects beamformer pro-
gramming and data processing to match said selected
diagnostic probe.

2. The modular diagnostic ultrasound system of claim 2,
said receptacle module further comprising:

a receptacle housing;

a plurality of peripheral ports mounted in said receptacle

housing; and

areceptacle for releasably mating with said at least one I/O

port and electrically communicating with said plurality
of peripheral ports.

3. The modular diagnostic ultrasound system of claim 3
wherein said electrically communicating occurs through a
pass-through connection.

4. The modular diagnostic ultrasound system of claim 3
wherein said electrically communicating occurs through an
active connection.

5. The modular diagnostic ultrasound system of claim 4,
said receptacle module further comprising:

at least one active circuit.

6. The modular diagnostic ultrasound system of claim 2,
said receptacle module further comprising:

alatching mechanism for securing said receptacle module

to said core module.

7. The modular diagnostic ultrasound system of claim 2
wherein said receptacle module is attached to a docking sta-
tion.

8. The modular diagnostic ultrasound system of claim 7
wherein said docking station is stationary.

9. The modular diagnostic ultrasound system of claim 7
wherein said docking station is mobile.
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10. The modular diagnostic ultrasound system of claim 1
wherein said core module switches between said plurality of
diagnostic probes using a plurality of electromechanical
switches.

11. The modular diagnostic ultrasound system of claim 1
wherein said core module switches between said plurality of
diagnostic probes using a soft switch within said core module.

12. A modular diagnostic ultrasound apparatus compris-
ing:

a core module including a system electronics package

mated to at least one plug; and

a receptacle module having a receptacle for matingly
engaging said at least one plug of said core module,

wherein said receptacle reads data from said core module
and sends data to at least one peripheral device in elec-
tronic communication with said receptacle.

13. The modular diagnostic ultrasound apparatus of claim

12, said system electronics package further comprising:

a transmit/receive ASIC which receives echo data;

a front end ASIC which transforms said echo data into
beamformed scan line signals; and

a back end ASIC which converts said beamformed scan
line signals to video output signals.

14. The modular diagnostic ultrasound apparatus of claim

13, said system electronics package further comprising:

a digital signal processing ASIC which filters said beam-
formed scan line signals.

15. The modular diagnostic ultrasound apparatus of claim

14, said back end ASIC Further comprising:

a central processor coupled to said front end ASIC and said
digital signal processing ASIC to control and synchro-
nize processing and control functions for said core mod-
ule.

16. The modular diagnostic ultrasound apparatus of claim

12, said system electronics package further comprising:

at least one programmable system memory device.

17. A modular ultrasound diagnostic system, said system
comprising:

a core module including at least one I/O port; and

amini-dock to connect at least one peripheral device to said
core module, said mini-dock comprising a receptacle
housing, a plurality of peripheral device ports and a
receptacle for matingly engaging with said at least one
1/O port of said core module, said receptacle in elec-
tronic communication with said plurality of peripheral
device ports,

wherein said core module communicates with said at least
one peripheral device through said mini-dock.

18. The modular ultrasound diagnostic system of claim 17
wherein each of said plurality of peripheral device ports is
mounted in said receptacle housing and is connected to one or
more electrical connectors for electrical communication with
said receptacle.

19. The modular ultrasound diagnostic system of claim 17
having one or more means for removably connecting said
mini-dock to said core module.

20. The modular ultrasound diagnostic system of claim 17
wherein at least one of said plurality of peripheral device
ports comprises an ultrasound transducer adaptor.
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