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ULTRASONIC TRANSDUCER HAVING
DISTRIBUTED WEIGHT PROPERTIES

CROSS-REFERENCE TO RELATED
APPLICATIONS AND PATENTS

The present application is a continuation-in-part of co-
pending, commonly assigned, patent application Ser. No.
10/925,114 entitled “Ultrasonic Transducer Having A Thin
Wire Interface,” filed Aug. 24, 2004, now abandoned the
disclosure of which are hereby incorporated herein by refer-
ence. The present application is related to co-pending, and
commonly-assigned U.S. patent application Ser. No. 10/924,
390, entitled “Ultra System Power Management,” filed on
Aug. 24, 2004; U.S. patent application Ser. No. 10/847,643,
filed on May 17, 2004, entitled “Processing Of Medical Sig-
nals;” U.S. patent application Ser. No. 10/821,123, filed on
Apr. 8, 2004, entitled “Systems And Methods For Providing
ASICS For Use In Multiple Applications;” U.S. patent appli-
cation Ser. No. 10/821,198, filed on Apr. 8, 2004, entitled
“System And Method For Enhancing Gray Scale Output On A
Color Display;” the disclosures of which are all hereby incor-
porated.

TECHNICAL FIELD

This disclosure relates to ultrasound devices and more
particularly to such devices having a thin wire interface.

BACKGROUND OF THE INVENTION

Ultrasound medical devices are becoming more common.
A typical ultrasound device is shown in U.S. Pat. No. 5,772,
412 dated Mar. 3, 1998 and U.S. Pat. No. 6,471,651 dated Oct.
29, 2002 which patent is hereby incorporated by reference
herein.

A typical implementation of an ultrasound medical device
has the transducer portion separate from the main processing
unit of the device. Traditionally, the analog and digital signal
processing of the raw ultrasound signals to/from a patient are
performed in a main processing unit. The raw ultrasound
signals are passed to/from the scanhead transducer across a
cable to the main processing unit. The cable that connects the
ultrasound transducer with the main body of the ultrasound
processing unit must be fairly long because the processing
unit is not easily moveable and the scanhead must be placed
on the anatomy of interest in a variety of positions. The cable
is also typically large and heavy because it carries the transmit
and receive signals for a number of individual elements of the
transducers, located in the transducer head. The length, usu-
ally in excess of six feet, coupled with the weight of the cable
places significant stress and strain on a sonographer. The
cable also adds significant cost and complexity to the system.

Another problem with existing cables is that they typically
contain a large number of individual coaxial conductors that
are expensive and difficult to connect to a single connector. A
connector is often required on the cable since multiple
tranducers are used on the system for different applications.
The connector, due to the large number of interconnect lines
and the sensitive nature of the signals, is therefore large,
complicated and expensive. Thus, the overall cable is expen-
sive, troublesome to assemble and repair as well as difficult to
use,

The aforementioned large number of individual conduc-
tors results from the desire to individually excite the elements
of the transducer arrays with electronic wave forms so as to
generate mechanical movement of the transducer elements in
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a controlled fashion and thereby create ultrasound energy
which is then transmitted to the patient’s body in a desired
direction. That is, ultrasound transmit beams may be formed
to focus ultrasonic energy at a particular point or region in
space and ultrasound receive beams may be formed to collect
data along one or more lines or directions to derive informa-
tion regarding particular structures of interest, such as to form
images thereof. The ultrasonic energy is reflected from inter-
nal organs (and other items of interest), coming back to the
transducer elements where it is converted back to electrical
signals for subsequent processing by the processing unit. The
signal between the transducer and the processor unit should
pass these signals, without significant distortion, attenuation
or interference, up and down the connecting cable.

BRIEF SUMMARY OF THE INVENTION

The present invention is directed to systems and methods in
which signal processing functionality is partitioned such that
a portion of the ultrasound signal processing is contained
within the transducer assembly of an ultrasound system,
thereby reducing the need for a multiplicity of high perfor-
mance conductors, or other relatively high bandwidth, high
fidelity bandwidth running between the transducer and the
main body of the ultrasound system. Embodiments of the
present invention are facilitated through the use of a unique
architecture to allow for proper power management given the
small transducer size and an architecture that exploits the high
levels of integration possible on integrated circuit technolo-
gies allowing for its implementation in a few highly inte-
grated circuits with virtually no external components outside
of the ICs.

In one embodiment, the signal processing functionality
disposed within a transducer assembly comprises transmis-
sion circuitry, receiver circuitry, and beam formers used to
control and generate the beam formed ultrasound signal.
Alternative embodiments dispose additional or alternative
signal processing functionality within a transducer assembly,
depending upon a level of processing desired prior to or after
transmission of signals between the transducer assembly and
main processing unit. By partitioning the system in this man-
ner the output of the transducer scanhead becomes a digital
data stream. All the sensitive analog signals are maintained in
close proximity to the transmission/receiver circuitry and
transducer elements, thereby eliminating any significant sig-
nal degradation allowing increased performance. The digital
data stream can also be converted to a serial high-speed bit
stream (e.g., using data compression, multiplexing, encoding,
etcetera) to further reduce the conductor count and/or band-
width of a cable or other link carrying signals across the
interface between the transducer assembly and main unit.
Accordingly, a cable and connector having an extremely low
conductor count may be utilized. Also, the signals on the
cable are digital and, therefore, the cable does not require as
high a fidelity, thereby further reducing the cost and size of the
cable and connector.

Embodiments of the invention utilize the foregoing redis-
tribution of signal processing functionality to distribute
weight between a transducer assembly and a corresponding
main processing unit. Accordingly, a transducer assembly
may be provided with a desired amount of mass, such as for an
improved user experience, improved interfacing with
scanned objects, a more traditional weight, etcetera. Like-
wise, a main processing unit may be provided with a reduced
mass, such as to provide a more portable unit, a better balance
of weight between the main processing unit and transducer
assembly, etcetera.
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A distributed power source configuration may be utilized
according to embodiments of the invention such that a portion
of the power source is disposed in an ultrasound system main
processing unit and another portion of the power source is
disposed in the ultrasound system transducer assembly. Such
embodiments may be utilized to provide ultra sound systems
which do not pass power through a cable or other link con-
necting the transducer assembly and main processing unit,
which provide better balance between the transducer assem-
bly and main processing unit, which provide a transducer
assembly having a desired weight, etcetera.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that the
detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the sub-
ject of the claims of the invention. It should be appreciated
that the conception and specific embodiment disclosed may
be readily utilized as a basis for modifying or designing other
structures for carrying out the same purposes of the present
invention. It should also be realized that such equivalent
constructions do not depart from the invention as set forth in
the appended claims. The novel features which are believed to
be characteristic of the invention, both as to its organization
and method of operation, together with further objects and
advantages will be better understood from the following
description when considered in connection with the accom-
panying figures. It is to be expressly understood, however,
that each of the figures is provided for the purpose of illus-
tration and description only and is not intended as a definition
of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWING

For a more complete understanding of the present inven-
tion, reference is now made to the following descriptions
taken in conjunction with the accompanying drawing, in
which:

FIG. 1 shows one embodiment of a prior art ultrasound
system;

FIG. 2 shows one embodiment of an ultrasound system
partitioned to allow for digital signaling between the trans-
ducer and the main processor; and

FIG. 3 shows one embodiment for further reducing the data
bandwidth between the transducer and the main processor.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows a typical prior art architecture of an ultra-
sound system as system 10 having transducer array 17, which
is coupled via analog cable 18 to individual receiving and
transmit channels 12-IT, 12-IR to 12-NT, 12-NR to digital
beam former 12. Typically, the Tx and Rx signals are time
multiplexed. DSP 13 is comprised of circuits utilized for echo
and flow signal processing and includes analytic signal detec-
tion and compression, multi-rate filtering, and moving target
detection capabilities. Digital signal processor (DSP) 13 pro-
vides signals to and receives signals from beam former 12.
Back end processing 14 then provides signals to drive display
15 all under control of controller 16. Display 15 provides for
display of data including image data. This display could be
disposed in main processing unit housing 11, or could be
separate from both the main processing unit and from the
transducer assembly. The operation of processing elements as
set forth above canbe as discussed in U.S. Pat. Nos. 5,772,412
and 6,471,651 identified above.
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In this arrangement, cable 18 contains a high number (usu-
ally on the order of 128 or 256) of individual conductors
(typically sets of coaxial conductors) for carrying the analog
signals between transducer array 17 and receiving and trans-
mit channels 12-1T, 12-IR to 12-NT, 12-NR. As discussed
above, cable 18 is big, bulky, heavy, expensive and not very
efficient. The analog signals are also sensitive, often requiring
tuning to try to compensate for the loading of the cable.

FIG. 2 shows one embodiment of ultrasound system 20 in
which signal processing functionality is partitioned such that
a portion of the ultrasound signal processing is contained
within the transducer assembly of an ultrasound system.
Although providing similar functional blocks to those
described with respect to FIG. 1, the embodiment of FIG. 2
provides a configuration in which miniaturization and inte-
gration are leveraged to facilitate a redistribution of the vari-
ous functional blocks within transducer assembly 24 and
main processing unit 21. Accordingly, transmit/receive (Tx/
Rx) circuitry 26 of a preferred embodiment comprises pulser
circuits, multiplexer circuits, low noise time gain control
amplifiers and filters in an application specific integrated
circuit (ASIC). Multiple analog to digital (A/D) converters,
digital beam forming circuits and control logic are integrated
in an ASIC of DBF 23. Embodiments for accomplishing such
arrangements are shown in the above-identified application
entitled, “Systems And Methods For Providing ASICS For
Use In Multiple Applications.”

In the embodiment of FIG. 2, the interface between the
beam former, such as beam former 23, and subsequent signal
processing, such as DSP 13, is moved to transducer assembly
24. Accordingly, beam former 23, transducer array 17, and
transmit/receive circuitry 26, such as may comprise amplifi-
ers 23-1T, 23-IR to 23-NT, 23-RT as shown in the illustrated
embodiment, used in driving transducer array 17 are disposed
in transducer assembly 24 of the illustrated embodiment. This
arrangement eliminates analog cable 18 (FIG. 1) replacing it
with digital cable 25, running between transducer assembly
24 and processing unit 21, which can be a much smaller cable
since only a small number of conductors are needed to pro-
vide necessary control and/or signals.

In addition to cable size reduction, this rearrangement of
elements also results in a performance gain. By eliminating
cable 18, analog loading, distortion and attenuation charac-
teristics are also eliminated allowing for increased perfor-
mance and signal integrity. Better sensitivity, better response,
and better bandwidth are achieved. In addition, this arrange-
ment reduces power loss of the transmitters on the cable.

It should be appreciated that, in addition to providing addi-
tional signal processing functionality within transducer
assembly 24, embodiments of the invention also provide
additional mass within the transducer assembly. As a result of
miniaturization and integration advances implemented with
respect to medical ultrasound devices developed by SonoSite,
Inc., the assignee of the present application, the weight of
certain transducer assemblies have been markedly reduced.
The present inventors have discovered that, somewhat
counter intuitively, transducer assemblies with at least some
threshold weight may be preferred by users, such as to give a
better feel in operation, to provide a more positive interface
with a scanned object, to provide better balance in the hand,
etcetera. As the transducer becomes lighter, other design fac-
tors become more important, such as the shape, size and
cable. These other design factors may influence the minimum
acceptable weight. For example, a user may feel the effects of
torque, such as may result from a cable connecting the ultra-
sound and the transducer held by the user hanging down next
to the user’s hand, with a lighter transducer having a larger
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cable. According to one embodiment, signal processing cit-
cuitry and/or other circuitry is disposed in the transducer
assembly, rather than the processing unit assembly, in order to
provide a transducer assembly having a desired weight or a
weight more typical of historical transducer assemblies while
eliminating weight from the processing unit assembly
thereby resulting in a lighter, more portable processing unit.

Components which may be distributed or redistributed
between a transducer assembly and main processing unit
according to embodiments of the invention is not limited to
signal processing circuitry. For example, where ultrasound
system 20 comprises a portable configuration one or more
power sources may be included therein for powering the
circuitry thereof. Embodiments of the present invention dis-
tribute power sources among the transducer assembly and
main processing unit assembly as shown in FIG. 2 to provide
a desired weight balance. Energizing a transducer array of an
ultrasound system often requires as much as one third of the
total power consumed by the system. Accordingly, embodi-
ments of the invention may dispose approximately one third
of the power source capacity (e.g., battery 27-2) within trans-
ducer assembly 24 and two thirds of the power source capac-
ity (e.g., battery 27-1) within main processing unit assembly
21. Of course, other distribution ratios may be utilized
according to embodiments of the invention, if desired. Such
distribution of power sources may be further utilized to pro-
vide a transducer assembly having a weight more typical of
historical transducer assemblies while eliminating weight
from the processing unit assembly thereby resulting in a
lighter, more portable processing unit.

It should be appreciated that power may continue to be
provided through cable 25 in embodiments with distributed
power source configurations as described above. For
example, a conductor carrying power within cable 25 may be
utilized to “trickle” charge battery 27-2 and/or provide power
to circuitry of the transducer assembly while the circuitry of
transducer assembly 24 is substantially idle, whereas battery
27-2 may be utilized to provide power to circuitry of the
transducer assembly when the circuitry of transducer assem-
bly 24 is in a fully operational state. Alternatively, carrying
power within cable 25 may be avoided in a distributed power
source configuration, such as where transducer assembly 24
is placed in communication with a recharging power source
periodically to replenish a power reserve of battery 27-2. For
example, a coil (not shown) responsive to radio frequency
energy may be disposed within transducer assembly 24 to
facilitate wireless recharging of battery 27-2 without the need
to dispose any protuberances (e.g., connectors, terminals,
etcetera) upon the surface of transducer assembly 24. Alter-
natively, a recharging interface, such as may comprise one or
more connector, terminal, etcetera, may be provided on or in
a surface of transducer assembly 24 to facilitate coupling of
battery 27-2 to a recharging power supply.

Cable 25 preferably comprises a pair of Low Voltage Dif-
ferential Signal (LVDS) lines to transmit the digital data back
and forth. A USB, USB2, or 1EE1394 type interface, or other
standard or proprietary digital interface, could be used
between a transducer assembly and processing unit according
to embodiments of the invention.

Embodiments of the present invention utilize a wireless
interface rather than cable 25. For example, a wireless local
area network (WLAN) interface, such as an IEEE 802.11
interface, may be utilized in place of cable 25. Of course,
rather than utilizing a standardized wireless interface,
embodiments of the present invention may utilize a propri-
etary wireless interface, if desired. Preferred embodiments of
the present invention utilize a standardized wireless interface
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in order to take advantage of widely available technology and
chip sets when implementing the wireless interface. For
example, IEEE 802.11 chip sets are readily available wherein
atransceiver chip (not shown) may be disposed in transducer
assembly 24, coupled to digital beam former 23 at the inter-
faces shown for cable 25, and a corresponding transceiver
chip (not shown) disposed in main processing unit 21,
coupled to DSP 13 at the interfaces shown for cable 25.
Antennas for such wireless communications may be disposed
within the housing assemblies, upon the surfaces thereof, or
external thereto.

It should be appreciated that various configurations of
ultrasound system 20 may have appreciable transmission
bandwidth limitations with respect to the interface between
transducer assembly 24 and main processing unit 21. For
example, the transmission bandwidths available in many
wireless implementations provide bandwidth limitations
which are not well suited for transmitting digital data repre-
senting beam formed ultrasound signals. However, further
signal processing of such signals may reduce the amount of
information passed to a next signal processing function.
Accordingly, it may be desirable to provide a different distri-
bution of signal processing functionality than that shown in
FIG. 2, particularly in certain wireless configurations. For
example, it may be desirable to move additional DSP func-
tions to the transducer assembly, thereby further reducing the
data bandwidth utilized between the transducer assembly and
the main processing unit.

FIG. 3 shows an alternative distribution of the representa-
tive ultrasound system processing blocks; transmit/receive
(Tx/Rx) 26, digital beam former (DBF) 23, digital signal
processor (DSP) 13, backend processing (BE) 14 and display
15. Specifically, in the illustrated embodiment of ultrasound
system 30 shown in FIG. 3, both DBF 23 and DSP 13 are
disposed within transducer assembly 32. Thus further signal
processing is provided within the transducer assembly as
compared to the configuration illustrated in FIG. 2. As such,
less bandwidth may be utilized in passing data between trans-
ducer assembly 32 and main processing unit 31. The illus-
trated embodiment take advantage of this feature to imple-
ment a wireless interface, shown as link 33, using transceivers
28-1 and 28-2. Transceivers 28-1 and 28-2 may comprise
corresponding radio frequency ASICs or similar chip sets,
according to embodiments of the invention.

In a preferred embodiment, DBF 23, DSP 13 and BE 14
would be implemented using digital CMOS ASICS and digi-
tal/analog mixed-mode ASICS and Tx/Rx 26 would be imple-
mented based on high-voltage and/or Bi-Cmos technology.
The total weight of the scanhead module of one embodiment
is less than 20 ounces. Excluding the housing, transducer
array 17, in one embodiment, weighs less than 8 ounces. The
peak power consumption is approximately 6 watts. Average
power consumption with power management is less than 4
watts and the bandwidth of the signals over the interface from
the transducer to the processing unit, has beenreduced at least
on order of magnitude from approximately 400 Mbps to
under 40 Mbps. In one embodiment, for a video display
having 128512 pixels, a data rate of 16 Mbps is possible
using the concepts discussed herein.

Although the present invention and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the invention as defined by the
appended claims. Moreover, the scope of the present appli-
cation is not intended to be limited to the particular embodi-
ments of the process, machine, manufacture, composition of
matter, means, methods and steps described in the specifica-
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tion. As one will readily appreciate from the disclosure, pro-
cesses, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized. Accordingly,
the appended claims are intended to include within their
scope such processes, machines, manufacture, compositions
of matter, means, methods, or steps.

What is claimed is:

1. A system comprising:

an ultrasound transducer assembly including an ultrasound

transducer array and signal processing circuitry coupled
to said transducer array operable to process analog sig-
nals from said transducer array and provide digital infor-
mation there from;

amain processing unit separate from said ultrasound trans-

ducer assembly and in communication therewith opet-
able to receive said digital information from said ultra-
sound transducer assembly; and

a digital data cable coupled between said ultrasound trans-

ducer assembly and said main processing unit carrying
said digital information there between;

wherein said system is powered by a battery power source,

wherein portions of the battery power source are distrib-
uted between the ultrasound transducer assembly and
the main processing unit.

2. The system of claim 1, wherein said distribution of said
battery source is configured at least in part to result in a
desired total weight of said ultrasound transducer assembly,
wherein said desired total minimum weight is configured to
counterbalance torque forces felt by a user of said transducer
assembly.

3. The system of claim 1, wherein an amount of said pro-
cessing circuitry included in said ultrasound transducer
assembly is configured at least in part to result in a desired
total weight of said ultrasound transducer assembly.

4. The system of claim 1, wherein said processing circuitry
comprises a digital beam former coupled to said transducer
array.

5. The system of claim 4, wherein said processing circuitry
comprises a digital signal processor coupled to said digital
beam former.

6. The system of claim 1, wherein said digital cable is
configured to convey power from said main processing unit to
said ultrasound transducer assembly for charging a battery
therein.

7. The system of claim 1, wherein an amount of said pro-
cessing circuitry included in said ultrasound transducer
assembly is configured at least in part to facilitate a wireless
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communication link between said ultrasonic transducer
assembly and said main processing unit.

8. The system of claim 1, wherein said ultrasound trans-
ducer assembly further includes a first radio frequency trans-
ceiver and said main processing unit includes a wireless trans-
ceiver, and wherein said digital information is carried
between said ultrasound transducer assembly and said main
processing unit using said first and second wireless transceiv-
ers.

9. The system of claim 8, wherein said first and second
wireless transceivers comprise radio frequency transceivers.

10. The system of claim 8, wherein said first and second
wireless transceivers provide communication of said digital
information using a standardized wireless communication
protocol.

11. The system of claim 10, wherein said standardized
wireless communication protocol is selected from the group
consisting of a wireless local area network protocol and a
wireless personal area network protocol.

12. A method comprising:

providing an ultrasound transducer assembly having a

transducer array and signal processing circuitry coupled
to said transducer array;

providing a main processing unit having signal processing

circuitry in communication with said signal processing
circuitry of said ultrasound transducer assembly via
digital data communication wherein said ultrasound
transducer assembly is connected to said main process-
ing unit with a digital data cable configured to carry said
digital information there between; and

distributing battery capacity between said ultrasound

transducer assembly and said main processing unit to
provide a desired distribution of weight between said
ultrasound transducer assembly and said main process-
ing unit.

13. The method of claim 12, further comprising:

distributing signal processing circuitry between said signal

processing circuitry of said ultrasound transducer
assembly and said signal processing circuitry of said
main processing unit to provide a desired distribution of
weight between said ultrasound transducer assembly
and said main processing unit.

14. The method of claim 12, wherein said digital data
communication is provided by a wireless connection.

15. The method of claim 12 wherein said desired total
distribution of weight is configured to provide sufficient
weight to said transducer assembly to counterbalance torque
forces felt by a user of said transducer assenibly.
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