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PROBE BASED DIGITIZING OR COMPRESSION
SYSTEM AND METHOD FOR MEDICAL
ULTRASOUND

BACKGROUND

[0001] The present invention relates to transducer archi-
tectures and ultrasound systems. In particular, electronics
are positioned in an ultrasound transducer probe assembly.

[0002] Medical diagnostic ultrasound systems typically
have detachable ulirasound probe assemblies. A transducer
array is housed in a hand-held probe. The hand-held probe
is connected through a cable to a connector housing. The
connector housing electrically and mechanically releasably
connects to an ultrasound system. The user can select
different ultrasound probes for different examinations and
connect the selected probe to the ultrasound imaging system.
Using beamformers and other circuitry in the ultrasound
imaging system, an image is generated through the trans-
mission and reception of acoustic energy by the connected
transducer probe.

[0003] Electronics associated with the imaging system
have been placed in the ultrasound probe housing. For
example, U.S. Pat. No. 5,590,658 discloses a hand-held
probe housing in which the ultrasonic transducers and beam
forming circuitry are housed. As another example, U.S. Pat.
No. (U.S. application Ser. No. 10/184,461), the
disclosure of which is incorporated herein by reference,
discloses integrating a multiplexer and other electronics in
the hand-held ultrasound transducer probe housing. Signals
from a plurality of transducer elements are time division
multiplexed onto a few number of cables for transmission to
the ultrasound imaging system. In another ultrasound trans-
ducer probe assembly, a controller for a wobbler transducer
is positioned in the connector housing for controlling the
motor of the wobbler array in the probe housing.

BRIEF SUMMARY

[0004] By way of introduction, the preferred embodiments
described below include methods, systems and probes for
communicating signals from a transducer for imaging or
connection with an imaging system. Beamformer-related
electronics are positioned in the connector housing of the
transducer probe assembly. For example, analog-to-digital
converters are positioned in the connector housing. Power is
provided through connection with the ultrasound imaging
system. Fans or other heat-dissipating structures are also
positioned within the connector housing. Other beamformer
electronics, such as delays and sums, are positioned in the
imaging system, partly in the connector housing or entirely
in the connector housing. Since the analog-to-digital con-
verters are provided in the connector housing, partial digital
beam forming may be provided in the transducer probe
assembly. The length of the transducer cables is held con-
stant to avoid interference and transmission line effects due
1o line-length variation. The number of cables and other
interconnections from the transducer array to the analog-to-
digital converters is unconstrained by the number of con-
nectors or channels provided by the imaging system. Data
compression provided by the electronics of the transducer
probe assembly provides independence of the number of
system channels from transducer channels. In alternative
embodiments, the analog-to-digital converters are posi-
tioned in the transducer probe housing.
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[0005] In a first aspect, an ultrasound probe for connection
with an imaging system is provided. A releasable connector
electrically connects with an ultrasound transducer. The
releasable connector releasably connects with an ultrasound
imaging system. The releasable connector has a plurality of
electrical outputs for respective signals representing differ-
ent elements individually or by groups. An analog-to-digital
converter connects between the ultrasound transducer and
the releasable connector.

[0006] In a second aspect, a system for communicating
signals from a transducer is provided for imaging. The
system includes a processing system and a detachable trans-
ducer assembly. The processing system has a receive beam-
former, a system housing and a connector on the system
housing. The connector electrically connects with the
receive beamformer. The detachable transducer assembly
includes a transducer probe at least partially housing an
array of elements, a connector housing at least partially
housing an analog-to-digital converter, and at least one cable
connecting the transducer probe with the connector housing.
The connector housing is physically connectable and detach-
able from the connector on the system housing.

[0007] In a third aspect, an ultrasound probe for connec-
tion with an imaging system is provided. A releasable
connector electrically connects with an ultrasound trans-
ducer and is releasably connectable with an ultrasound
imaging system. The releasable connector has a plurality of
electrical outputs for respective signals representing differ-
ent elements individually or by groups. A processor connects
between the ultrasound transducer and the releasable con-
nector. The processor is spaced away from the ultrasound
transducer and adjacent to the releasable connector. The
processor is operable to compress signals from the ultra-
sound transducer.

[0008] In a fourth aspect, a method for communicating
signals from a transducer array to an imaging system is
provided. A probe assembly is releasably connected to an
imaging system. Acoustic energy is transduced into electri-
cal signals. The electrical signals are transmitted to an
analog-to-digital converter. The electrical signals are con-
verted into digital data within the probe assembly. The
digital data is passed from the probe assembly to a beam-
former of the imaging system.

[0009] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. Further aspects and advantages
of the invention are discussed below in conjunction with the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like-
reference numerals designate corresponding parts through-
out the different views.

[0011] FIG. 1 is a block diagram of one embodiment of a
system for communicating signals from a transducer for
imaging;

[0012] FIG. 2 is another embodiment of a system for
communicating signals from a transducer to a system;
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[0013] FIG. 3 is a block diagram of one embodiment of
the circuitry in a transducer probe assembly connector
housing; and

[0014] FIG. 4 is a flow-chart diagram of one embodiment
of a method for communicating signals from a transducer.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0015] Various advantages and combinations of devices
are provided in different embodiments. The embodiments
may include none, one or multiple of the advantages and
structures discussed herein. For example, a transducer probe
assembly allows high bandwidth time-division multiplexed
data to be generated in the transducer handle or probe
housing and digitized in the transducer pod or connector
housing. The transmission paths between multiplexing and
digital conversion are matched in length and impedance,
avoiding mismatches and variation in intersymbol interfer-
ence from one path to the next. A noise-resistant digital path
from the transducer assembly connector to the beamformer
electronics of the imaging system beamformer is also pro-
vided. In alternative embodiments, analog-to-digital conver-
sion is provided within the transducer probe assembly
without time division multiplexing. Using compression elec-
tronics in the transducer probe assembly, more transducer
elements than beamformer channels may be provided. The
compression electronics compresses the data from the mul-
tiple elements onto signal lines or channels for the beam-
former. In yet another embodiment, analog pass-through
switching is provided for allowing both analog and digital
outputs by the transducer probe assembly. Since the trans-
ducer probe assembly outputs digital data, digital signals
representing acoustic information received at each element
is provided for research, experimentation or transmission to
remote work stations for imaging free of previous beam-
forming or with minimal previous beamforming. Digitizing
signals within the transducer probe assembly may eliminate
cross-talk and other interferences provided in non-coaxial
transmission paths, allowing transmission through compo-
nents other than space-consuming coaxial cables.

[0016] FIGS. 1 and 2 show one embodiment of a system
10 for communicating electrical signals from a transducer
probe assembly 12 to a processing system 14. FIG. 1 shows
the transducer probe assembly 12 disconnected from the
processing system 14, and FIG. 2 shows the transducer
probe assembly 12 connected to the processing system 14.
The detachable transducer probe assembly 12 allows selec-
tion of different transducers with different frequency
responses or other characteristics for imaging with the
processing system 14.

[0017] The processing system 14 is a medical diagnostic
ultrasound imaging system in one embodiment. In other
embodiments, the imaging system 14 is a computer, work-
station or other medical imaging system. For an ultrasound
system, the processing system 14 includes a transmit beam-
former 24 and a receive beamformer 26 connected with a
connector 22, The transmit beamformer 24 is operable to
generate a plurality of relatively delayed and apodized
waveforms for transmitting acoustic energy along one or
more beams at the same time. The electrical signals gener-
ated by the transmit beamformer 24 are routed to the
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connector 22. The connector 22 also electrically connects to
the receive beamformer 26. In one embodiment, the con-
nections within the processing system 14 from the connector
22 are permanent and made through one or more switches,
such as a transmit and receive switch.

[0018] The receive beamformer 26 is an analog or digital
receive beamformer. The receive beamformer 26 is config-
ured to receive digital signals, but may be configured to
receive either analog or digital signals. In one embodiment,
the receive beamformer 26 includes separate beamformers
for either analog or digital data or as a function of imaging
mode, such as a separate spectral Doppler beamformer and
a B-mode and color-flow mode beamformer. For example,
the receive beamformer 26 is a digital processor on a card,
ASIC or other device, and a separate analog processor for
continuous wave signals is provided on a separate card as
processor 30 shown in FIG. 2. The beamformer 26 includes
a plurality of delays, amplifiers and one or more summers.
The electrical signals representing different elements or
groups of elements are relatively delayed, apodized and then
summed to form samples or signals representing different
spatial locations along one or more receive beams. The
beamformers are configured to provide a wideband inter-
face, such as a switching matrix with 384-wire impedance
controlled paths from the connector 22 to the beamforming
cards or slots on the printed circuit board interconnects.
Other switching matrix and number of paths may be pro-
vided. The receive beamformer 26 may be distributed, such
as different parts of the beamformer in different locations
within the processing system 14 or external to the processing
system 14 (e.g., a portion of the receive beamformer 26
within the transducer probe assembly 12).

[0019] Further processes and associated circuitry are
implemented by the processing system 14 for generating an
image or for calculating measurements from the receive
beamformed information. Different, additional or fewer
transmit and receive circuit devices or components may be
provided.

[0020] The transmit beamformer 24, receive beamformer
26 and connector 22 are at least partially enclosed within a
system housing 25. The system housing 235 is plastic, metal,
wood, fiberglass, or any other now-known or later-devel-
oped material for housing electronics. In one embodiment,
the system housing 25 is a workstation or cart-based housing
supported on wheels or resting on the floor. In other embodi-
ments, the system housing 25 is a laptop or other portable-
sized device, such as a suitcase-sized portable ultrasound
system. In yet another embodiment, the system housing 25
is a hand-held ultrasound system, such as a PDA or scope-
shaped housing.

[0021] The connector 22 is one of any now-known or
later-developed mechanical and electrical connectors for
detachably connecting and removing the transducer probe
assembly 12. The connector 22 includes grooves, exten-
sions, latches, screws, threaded holes or any other now-
known or later-developed mechanical structure for releas-
ably connecting to another device. A plurality of male or
female electrical connections for connecting with individual
digital traces, such as in a circuit board configuration, or for
connecting with coaxial cables is provided. For example,
192 or other number of electrical connections of exposed
metallic traces on a circuit board for mating are recessed
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within the connector 22. In one embodiment, the connector
disclosed in U.S. Pat. No. 6,371,918, the disclosure of which
is incorporated herein by reference, is used.

[0022] The connector 22 mounts to the system housing 25.
While one connector 22 is shown, a plurality of different
connectors may be provided for connecting to a same type
or different types of transducer probe assemblies 12. The
connector 22 electrically connects with the receive beam-
former 26 for communicating analog or digital signals. In
alternative embodiments, the connector 22 is a standard or
custom connection on a PC, digital repeater or other elec-
trical device for locally processing data or for transmitting
data for remote processing.

[0023] In one embodiment shown in FIG. 2, the connector
22 includes one or more switches 42, such as a multiplexer,
group of transistors or other switching device for switching
one or more inputs from the connector 22 to different receive
beamformers 26, 30 or different channels of a given receive
beamformer 26 or 30. In other embodiments, the switch 42
for switching between receive beamformers or channels is
provided by components separate from the connector 22 or
is not provided.

[0024] The ultrasound transducer probe assembly includes
a transducer probe housing 16, a cable 18, and a connector
housing 20. Additional, different or fewer components may
be provided. For example, a hand-held system 10 is pro-
vided where the transducer probe housing 16 is included as
part of the connector housing 20 without the cable 18. The
transducer probe assembly 12 provides a detachable trans-
ducer.

[0025] The transducer probe housing 16 is plastic, metal,
rubber, combinations thereof or any other now-known or
later-developed material for housing a transducer array of
elements 32. In one embodiment, the transducer probe
housing 16 is shaped for hand-held use. In other embodi-
ments, the transducer probe housing 16 is shaped for use
internal to a patient, such as shaped as an endoscope or
catheter. The transducer probe housing 16 at least partially
houses an array of elements, such as covering a portion of
the array and allowing a face of the array acoustical access
for scanning a patient.

[0026] The array of elements 32 is an array of piezoelec-
tric, capacitive membrane ultrasound transducer or other
now-known or later-developed elements for converting
between electrical and acoustical energies. One or two-
dimensional arrays are provided with full or sparse sam-
pling. For example, a 2-dimensional array has 1,920 or other
number of fully-sampled elements in a square or rectangular
grid positioned on a planer or curved surface. The transducer
array 32 includes a flex circuit, signal traces or other
structures for electrical interconnection from the elements of
the array 32 to other electronics of the probe assembly 12.
For example, the flex circuits are connected to a plurality of
coaxial cables in the cable 18 or to electronics within the
connector housing 20.

[0027] In an alternative embodiment, the transducer array
32 electrically connects to electrical components 34 within
the probe housing 16. For example, the probe electronics 34
include a multiplexer electrically connected between the
plurality of cables of the cable 18 and the transducer
elements of the array 32. The multiplexer is positioned in the
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transducer probe housing 16 with the array 32. The multi-
plexer is operable to multiplex signals from a plurality of
elements onto a fewer number of outputs using time division
multiplexing. In alternative embodiments, other forms of
multiplexing are provided. Preamplifiers or other structures
are also included in other embodiments with the multiplexer.
For example, the structures disclosed in U.S. Pat. Nos.
and (U.S. Ser. Nos. 10/184,461 and 10/341,
871), the disclosures of which are incorporated herein by
reference, are used. For a multidimensional array, signals
from every 2, 4, 8 or other number of elements are multi-
plexed onto a common output. A plurality of outputs for
different groups of elements is provided. In alternative
embodiments, the probe electronics 34 are different compo-
nents for the same or different functions, or the transducer
probe housing 16 is provided without the further electronics
34. In another embodiment, the probe electronics 34 include
delays, amplifiers and summers for performing beamform-
ing functions for sub-arrays or across the entire array.

[0028] The cable 18 includes a plurality of coaxial cables.
For example, 64, 128, 192 or other number of coaxial cables
are provided for transmitting electrical signals representing
acoustic energy received at elements of the array 32. Each
coaxial cable receives information for one element or mul-
tiplexed information representing a plurality of different
elements. In alternative embodiments, the cable 18 is a
flexible circuit, optical data path, fiber optic, insulated wires
or other now-known or later-developed structure. For
example, analog-to-digital converters are provided in the
transducer probe housing 16, and digital signals are trans-
mitted along now-known or later-developed digital paths
through the cable 18. The cable 18 electrically connects the
ultrasound transducer array 32 to the electronics of the
connector housing 20, such as an analog-to-digital converter
36. The plurality of coaxial cables or other signal lines
within the cable 18 electrically connect the transducer
elements of the array 12 to a respective or different number
of analog-to-digital converters 36. Where multiplexing is
provided, fewer cables than elements may be used.

[0029] The connector housing 20 is metal, plastic, rubber,
combinations thereof or other now-known or later-devel-
oped materials for housing or at least partially housing the
analog-to-digital converter 36, digital processor 38, switch
40, and a releasable connector 28. Additional, different or
fewer components may be included within the connector
housing 20. For example, demultiplexers 44 and serializers
48 shown in FIG. 3 are additionally housed within the
connector housing 20. As another example, the analog-to-
digital converter 36 or digital processor 38 are positioned
within the probe housing 16 rather than the connector
housing 20. The connector housing 20 is connected at the
end of the cable 18, so that the connector housing 20 is
spaced from the ultrasound transducer array 32 and associ-
ated probe housing 16.

[0030] The connector housing 20 is shaped to allow
detachment and attachment to the housing 25 of the pro-
cessing system 14. In one embodiment, now-known con-
nector housings are extended in length away from the
connector 28 to accommodate the additional electronics,
such as extending by twice the distance used for connectors
without electronics. Different changes in dimension may be
provided, such as making the connector housing 20 longer,
higher, wider or combinations thereof. The connector hous-
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ing 20 is shaped and sized to include heat sinking, fans
and/or active cooling for cooling the enclosed electronics. In
alternative embodiments, no additional cooling devices or
different now-known or later-developed cooling is provided.
In one embodiment, at least one fan is positioned adjacent to
a vent in the connector housing 20. Additionally or alterna-
tively, a rigid thermal connection is provided between the
connector housing 20 and the processing system 14 for
conducting heat away from the electronics. A forced air
connection between the connector housing 20 and the pro-
cessing system 14 may alternatively be provided for ducting
hot air from the connector housing 20 through a fan in the
processing system 14 or forcing air from the processing
system 14 into the connector housing 20.

[0031] FIG. 3 shows one embodiment of the electronics
within the connector housing 20. A plurality of analog-to-
digital converters 36 are connected to a respective plurality
of demultiplexers 44. The demultiplexers 44 connect to a
digital processor 38, and a plurality of high-speed serializers
48. Additional, different or fewer components may be pro-
vided. In one embodiment, one or more of the components
are combined into a single processor, such as providing
demultiplexers 44 and the digital processor 38 on a single
application-specific integrated circuit.

[0032] Additional components may be provided in the
connector housing 20. For example, termination resistors
connect with each of the cables for providing an impedance
match. Alternatively, amplifiers of the analog-to-digital con-
verters 36 provide impedance matches to the cables. The
transmit path is provided by switches (e.g., multiplexer or
transistor) to bypass the digital processing of the receive
circuitry and connect to the cable 18. Alternatively, a portion
or all of the transmit beamformer is provided within the
transducer probe assembly 12.

[0033] The switch 40 is a transistor, multiplexer or other
now-known or later-developed switch for routing analog or
digital signals on the cable 18 around all or some of the
electronics in the connector housing 20. The switch 40 is
positioned between the transducer array 32 and the analog-
to-digital converter 36 for bypassing analog signals from the
signal lines of the cable 18 to a respective plurality of
electrical outputs of the connector 28. In alternative embodi-
ments, the switch 40 is not provided or additional switches
for more selectable routing are provided.

[0034] The analog-to-digital converters 36 are processors,
application-specific integrated circuits, digital components,
analog components, amplifiers, transistors, combinations
thereof or other now-known or later-developed devices for
converting analog information to digital samples. One ana-
log-to-digital converter 36 is provided for each of the signal
lines of the cable 18, or one analog-to-digital converter 36
may be used for multiple of the signal lines. Any number of
bits of resolution may be provided by the analog-to-digital
converter, such as 4, 8 or 10-bits. Any sampling rate may be
used, such as sampling at four times the center frequency of
the transducer array 32 on a time-division multiplexed
output line (e.g., 96 megasamples per second). In one
embodiment, each analog-to-digital converter 36 is a single
device or is a package or chip including analog-to-digital
converters 36 for 16 to 32 time-division multiplexed chan-
nels. At 32 channels per chip, 256 channels of analog-to-
digital conversion are provided by 8 devices. Each chip may
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have 672 pins and be 45 mm on a side with a die size of 12.8
by 12.8 mm. Other size chips and associated analog-to-
digital conversion structures may be used. The analog-to-
digital converters 36 connect between the ultrasound trans-
ducer array 32 and the releasable connector 28. Each of the
analog-to-digital converters 36 whether in a same or differ-
ent chip connects with different ones of the plurality of
transducer elements. For example, one analog-to-digital
converter 36 connects with one element. As another
example, one analog-to-digital converter 36 connects with a
group of elements with time-division multiplexed signals
output on a same line. Different analog-to-digital converters
36 connect with different elements or groups of elements. To
reduce power consumption of a plurality of analog-to-digital
converters 36, a slightly lower than rated sampling rate may
be used, but a full sampling rate may be provided, such as
providing for 10-bit sampling at 120 megasamples per
second with a power dissipation of about 50 milliwatts.

[0035] The demultiplexers 44 are application-specific
integrated circuits, multiplexers or other now-known or
later-developed devices for demultiplexing time division or
other multiplexed information. The demultiplexers 44 con-
nect with the output of the analog-to-digital converters 36
for providing signals representing specific single or small
groups of elements separately. In alternative embodiments,
the demultiplexers are positioned prior the analog-to-digital
converters 36 or not provided.

[0036] The digital processor 38 is an application-specific
integrated circuit, transistors, multiplexer, switches, delays,
amplifiers, summers, digital circuit, analog circuit, combi-
nations thereof or other now-known or later-developed
digital signal processing device. In one embodiment, the
digital processor 38 provides data compression, such as
where the number of elements of the transducer array 32 is
greater than the number of separate electrical connections
between the connector 28 and the connector 32 of the
processing system 14. The processor 38 is connected
between the analog-to-digital converters 36 and the electri-
cal outputs of the connector 28. Digital data is provided as
an input for processing, such as partial beamforming oper-
able to combine data from elements of the transducer array
and output the combined data on respective ones of the
plurality of electrical outputs of connector 28. For example,
data from subarrays of elements are combined and output as
a single data stream. Separate data streams are output for
different elements or subarrays. The partial beamformer
implemented by the processor 38 connects with the analog-
to-digital converters 36 to combine signals from at least two
elements of the transducer array 32. By compressing the
data, the number of transducer elements used may be
independent of the number of system connections or chan-
nels of the processing system 14. The processor 38 may
additionally perform synthetic aperture operations, such as
acquiring the ultrasound aperture in several time-spaced
acquisition cycles and synthetically creating the image as
though it came from a single acquisition cycle.

[0037] Alternatively, demultiplexing 44 is provided in the
processing system 14 without further data compression
performed by the electronics within the connector housing
20. For example, the connector 22 provides 192 differential
pairs each capable of supporting 0.8 gigabits per second of
data transmission. An aggregate bandwidth for the connector
22 is provided as 154 gigabits per second. At 10
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megasamples per second with an 8-bit data width, 1,920
elements may be supported. Operating at a 2.5 megahertz
center frequency, fully-sampled multi-dimensional array
may be used. More or fewer cables with a lesser or greater
time-division multiplex ratio may be used.

[0038] As an alternative to continuing the time-division
multiplexing in the digital data, the embodiment of FIG. 3
provides for demultiplexing with demultiplexers 44 and
further compression by partial beamforming. Using delays
and sums, signals from a two by two or other size subarray
are combined. By combining two by two subarrays, a factor
of four data compression results. The steering direction is
assumed or is controlled as a function of time for imple-
menting the delays. Where the subarrays are adjacent ele-
ments, the total amount of delay may be small, but larger
subarrays may be provided with corresponding larger com-
pression rates and associated delays. In the embodiment of
FIG. 3, the tradeoff between amount of compression, the
number of probe channels and the number of system chan-
nels provides freedom of operation. For example, the time-
division multiplexing rate and number of probe channels is
chosen optimally for a given available technology. The
time-division multiplexing rate is traded for analog-to-digi-
tal conversion sampling frequency. As the state-of-the-art of
analog-to-digital converters provides increased perfor-
mance, greater time-division multiplexing and associated
compression may be provided.

[0039] In an alternative embodiment, the processor 38 is
provided with or without the analog-to-digital converters 36.
For example, the processor 38 is connected between the
ultrasound transducer array 32 and the releasable connector
28. The processor 38 is operable to compress analog signals
from the ultrasound transducer. The processor 38 is posi-
tioned within the connector housing 20.

[0040] The serializers 48 are application-specific inte-
grated circuits, digital signal processors, bus controllers,
field-programmable gate arrays (FPGA), digital circuits,
analog circuits or other now-known or later-developed
device for providing serial output of data for each of a
plurality of channels. A wideband interface with a high
sampling rate is provided, such as providing a serializer 48
for each of 128, 192, 256 or other number of beamformer
channels of the processing system 14. Using an FPGA, a
single device may provide 20 or more serializers or deseri-
alizers. If an FPGA is configured for only serializers and
operated at a lesser speed, power is conserved and a fewer
number of chips or space is used by the serializers 48. Each
of the serializers 48 connects directly or through one or more
circuits with the demultiplexers and provides an output to
one or more of the plurality of electrical outputs on the
connector 28. Digital data provided by the analog-to-digital
converters 36 is provided through the serializers 48 to the
connector 28. In other embodiments, parallel or other data
output schemes are provided.

[0041] The releasable connector 28 electrically connects
with the ultrasound transducer array 32 without any detach-
able connections. Alternatively, one or more detachable
connections is provided, such as at the interface between the
cable 18 and the probe housing 16. The connector 28 is
releasably connectable with the processing system 14. The
connector 28 includes mechanical and electrical structures
corresponding to the mechanical and electrical structures of
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the connector 22 of the processing system 14. For example,
a plurality of electrical signal lines for connection with
exposed traces on a circuit board protrudes from the con-
nector housing 20 for insertion into the connector 22. The
connectors 22, 28 include power, clock, synchronization or
other control lines for implementing the digital processing
within the connector housing 20 or the transducer probe
assembly 12 in synchronization with a format usable by the
processing system 14. Latches, extensions, screws, threaded
holes or other now-known or later-developed releasable
connection structures are provided for mechanically attach-
ing the connectors 28 and 22. Electrical outputs or connec-
tions are provided for each of the serializer outputs or signals
representing different elements. In one embodiment, the
connector 28 is a connector as disclosed in U.S. Pat. No.
6,371,918. Different connectors may be provided. The con-
nector 28 and 22 are operable to easily detach and attach.
Through rotation, latching or other processes, the connectors
22, 28 are attached or detached in seconds or tens of
seconds. Longer time periods may be used for more solid
connections or for different connectors.

[0042] The electrical outputs of the connector 28 are also
connected to the cables 18 through the switches 40 for
routing analog signals to the outputs. For continuous wave
operation, the dynamic range may best be communicated
through analog signals. By passing the analog signals from
the transducer array 32 to the analog beamformer 30,
sufficient dynamic range may be provided. No further pro-
cessing is provided in the connector housing 20, but some
beamformation or delay and sum operations may be pro-
vided. Continuous wave summation provides for relative
delays rather than absolute delays. Analog or digital cir-
cuitry is provided for summing so that the number of signals
output from the connector 28 matches the number of system
channels of the connector 22 even with a different number
of signal lines within the cable 18 or elements of the array
32. Signals with the same phase are summed together to
reduce the signal count. To protect the digital circuitry, the
serializer outputs are tri-stated so that the gates are turned off
or an open circuit is provided to avoid damage to digital
circuitry. Opening of the switches 40 prevents feedback of
the digital signals output by the serializers 48 to the cables
18 or other circuitry.

[0043] In one embodiment, a standard digital interface is
provided on a plurality of different processing systems 14 by
the same or different manufacturers. Digital processing
provided in the transducer probe assembly 12 provides
signals output pursuant to the digital standard interface. Data
compression or rapid scanning techniques, such as plane
wave transmissions followed by received beamformation
over a large area, may be provided. One embodiment is
shown above for FIG. 3, but different embodiments using a
same or different components, number of components, type
of components, relative positioning of components or other
alterations may be provided.

[0044] FIG. 4 shows a method for communicating signals
from a transducer array to an imaging system. The method
of FIG. 4 is implemented using the systems of FIG. 1,2 or
3. In alternative embodiments, different systems are used.
Additional, different or fewer acts than described below for
FIG. 4 may be used.

[0045] In act 60, a probe is connected to an ultrasound
imaging system. For example, a user selects a transducer
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probe assembly and inserts a connector of the probe assem-
bly into or onto an imaging system. The connector is then
latched through rotation of a latch mechanism. After con-
figuring the imaging system, transmit signals are provided
through the releasable connection to the ultrasound trans-
ducer of the connected probe assembly. The transducer
converts the electrical signals into acoustic energy for scan-
ning the patient in act 62. In response to the transmitted
acoustic energy, echo signals reflect back to the transducer.
A plurality of elements receives echo signals and converts
the echo signals into analog electrical signals.

[0046] In optional act 64, the received electrical signals of
each or some of the plurality of elements in the receive
aperture are multiplexed. Any of various multiplexing ratios
may be used, such as multiplexing 2, 4, 8, 16, 32 or other
number of transducer element channels onto a same output.
Using time division, frequency coding, spread spectrum or
other multiplexing scheme, each combined signal path rep-
resents a plurality of different elements. Whether multi-
plexed or not, the output signals are transmitted in act 66.
The transmission is along a plurality of cables or other signal
lines. The transmission is of analog signals in one embodi-
ment, but digital signals may be transmitted in other embodi-
ments.

[0047] In act 68, the received analog signals are converted
into digital signals. The conversion occurs within the trans-
ducer probe assembly, prior to the signals passing through
the detachable or releasable connection. For example, the
analog signals are transmitted through a cable of the detach-
able probe assembly. The electrical signals are converted
into digital data within a connector housing of the probe
assembly.

[0048] In optional act 70, the digital data is demultiplexed
prior to passing the digital data from the probe assembly to
a beamformer of the imaging system. The demultiplexing is
performed on digital data after conversion, but alternatively
is performed on analog signals prior to conversion.

[0049] In optional act 72, the digital data is compressed.
For example, previous multiplexing is preserved without
demultiplexing or the demultiplexed digital data is then
re-multiplexed using a same or different multiplexing
scheme or format. As another example, partial beamforming
is performed by summing signals within subarrays. Other
digital data compression schemes may be used, including
now-known or later-developed digital compression process-
ing (e.g., MPEG, lossy and/or non-lossy). In alternative
embodiments, the compression is performed on analog
signals.

[0050] In act 74, the digital data with or without compres-
sion is passed from the probe assembly to a beamformer of
the imaging system. Digital data passes through the releas-
able connector for further imaging or calculations. Any of
various formats may be used, including serial or other
connections. Due to the compression, the number of ele-
ments and associated channels within the transducer probe
assembly may be different than the number of channels of
the connector or imaging system. Alternatively or addition-
ally, analog signals are passed from the probe assembly to
the imaging system.

[0051] While the invention has been described above by
reference to various embodiments, it should be understood
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that many changes and modifications can be made without
departing of the scope of the invention. For example, any of
the components, schemes, embodiments or other features
disclosed in U.S. Pat. No. (application Ser. No.

(Attorney Ref. No. 2003P14535U8S)), filed here-
with, the disclosure of which is incorporated by reference,
may be used for or with analog-to-digital conversion and/or
compression. It is therefore intended that the foregoing
detailed description be regarded as illustrative rather than
limiting and that it is the following claims, including all
equivalents, which are intended to define the spirit and the
scope of this invention.

I (We) claim:
1. An ultrasound probe for connection with an imaging
system, the probe comprising:

an ultrasound transducer;

a releasable connector electrically connected with the
ultrasound transducer and releasably connectable with
an ultrasound imaging system, the releasable connector
having a plurality of electrical outputs for respective
signals each representing one or more different ele-
ments; and

an analog-to-digital converter connected between the
ultrasound transducer and the releasable connector.
2. The probe of claim 1 wherein the ultrasound transducer
comprises a multi-dimensional array of elements.
3. The probe of claim 1 further comprising:

a cable electrically connecting the ultrasound transducer
to the analog-to-digital converter; and

a housing connected with an end of the cable and at least
partially around the releasable connector and the ana-
log-to-digital converter, the housing spaced from the
ultrasound transducer.

4. The probe of claim 1 wherein the transducer array
comprises a plurality of transducer elements, the analog-to-
digital converter electrically connected with at least a first
element of the plurality of transducer elements;

further comprising a plurality of analog-to-digital con-
verters, the plurality of analog-to-digital converters
including the analog-to-digital converter electrically
connected with the first element, the plurality of ana-
log-to-digital converters electrically connected with
different ones of the plurality of transducer elements.
5. The probe of claim 4 further comprising:

a plurality of cables electrically connecting the plurality
of transducer elements to the respectively plurality of
analog-to-digital converters, the plurality of cables
being fewer than the plurality of transducer elements;
and

a multiplexer electrically connected between the plurality
of cables and the plurality of transducer elements.
6. The probe of claim 1 further comprising:

a summer connected with the analog-to-digital converter,
the summer operable to combine signals from at least
two elements of the transducer array, the combined
signal output on one of the plurality of electrical
outputs as a signal representing one of the different
elements.
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7. The probe of claim 1 further comprising a partial
beamformer operable to combine data from elements of the
transducer array and output the combined data on respective
ones of the plurality of electrical outputs.

8. The probe of claim 1 further comprising:

a digital processor connected between the analog-to-
digital converter and one of the plurality of electrical
outputs.

9. The probe of claim I further comprising:

a switch connected between the transducer array and the
analog-to-digital converter, the switch operable to
bypass analog signals to one of the plurality of elec-
trical outputs.

10. The probe of claim 1 further comprising:

a demultiplexer connected with the analog-to-digital con-
verter; and

a serializer connected with the demultiplexer and at least
one of the plurality of electrical outputs.
11. A system for communicating signals from a transducer
for imaging, the system comprising:

a processing system comprising:
at least a part of a receive beamformer;
a system housing; and

a connector on the system housing, the connector
electrically connectable with the receive beam-
former; and

a detachable transducer assembly comprising:

a transducer probe at least partially housing an array of
clements;

a connector housing at least partially housing an ana-
log-to-digital converter, the connector housing
physically connectable and detachable from the con-
nector on the system housing; and

at least one cable connecting the transducer probe with
the connector housing.
12. The system of claim 11 wherein the transducer probe
is a handheld probe.
13. The system of claim 11 wherein:

the transducer probe further houses a multiplexer con-
nected with a plurality of the elements of the array, the
multiplexer operable to multiplex signals from the
plurality of elements to an output; and

the connector housing further housing a demultiplexer.

14. The system of claim 11 wherein the connector housing
further houses a serializer connected with the analog-to-
digital converter.
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15. The system of claim 11 wherein the connector housing
further houses a processor, the processor operable to com-
press digital data responsive to output by the analog-to-
digital converter.

16. An ultrasound probe for connection with an imaging
system, the probe comprising:

an ultrasound transducer;

a releasable connector electrically connected with the
ultrasound transducer and releasably connectable with
an ultrasound imaging system, the releasable connector
having a plurality of electrical outputs for respective
signals representing different elements; and

a processor connected between the ultrasound transducer
and the releasable connector, the processor in a housing
of the releasable connector and operable to compress
signals from the ultrasound transducer.

17. The probe of claim 16 further comprising an analog-
to-digital converter between the transducer and the proces-
sor, the processor comprising a digital processor.

18. The probe of claim 16 further comprising a cable
between the housing and the ultrasound transducer.

19. The probe of claim 16 wherein the processor is
operable to compress signals by partial beamforming.

20. A method for communicating signals from a trans-
ducer array to an imaging system, the method comprising:

() releasably connecting a probe assembly to an imaging
systerm;

(b) transducing acoustic energy into electrical signals;

(c) transmitting the electrical signals to an analog-to-
digital converter;

(d) converting the electrical signals into digital data
within the probe assembly; and

(¢) passing the digital data from the probe assembly to at
least a part of a beamformer of the imaging system.

21. The method of claim 20 wherein (c¢) comprises
transmitting the electrical signals through a cable of the
probe assembly, and wherein (d) comprises converting the
electrical signals into digital data within a connector housing
of the probe assembly.

22. The method of claim 20 further comprising:

(f) compressing the digital data prior to (e).
23. The method of claim 20 further comprising:

(f) time division multiplexing the electrical signals prior
to (c); and

(g) demultiplexing the digital data after (d) and before (¢).
24. The probe of claim 3 wherein transducer cables within
the cable each have a constant length and same impedance.

¥ ok %k k%



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH %5
CPCHRF
H A A FF 32K
EIN-E 22

E)

FE, REMRHELERBRERNES , ATHEREHLGERSE
&, BERRREARNEFREEMEREFRAAFNERRSE
o Hltn , EHEREM T ERSRSGET., BISEFRBRENERE
RtEH, NFREMBREN BV TEERTEN. HMRRFEKR
BFERM , GIMEEEMEN , EAERGRES , B0 TIEERS
TSN TERRSET, ATREAKRBRETEZESRTGD
Rt AT AR BERR IR A B P IRUB D TR R K. RAERRBLHIK
ERIFEE , LUBSEHTEBEERLSIEH TIRMEMEN. AR
RERRRFSIEIRLL - MFHMBOELANAMEENBEFZIRERSERE
HEEERNBENHRENRS . HREFRLAHNBFRARERN
BREERREH T SRERBENRSEBERENIR .

ETRENEZFEFRFLIERRENS E

US20050148878A1

US10/741827

EXEAENFERRAF

A1 FEST#IRTZRUSA | INC ..

A FE RS RUSA , INC.

PHELPS ROBERT N
LAZENBY JOHN C
PETERSEN DAVID A

PHELPS, ROBERT N.
LAZENBY, JOHN C.
PETERSEN, DAVID A.

G01S15/89 A61B8/14

AG61B8/546 G01S15/8927 G01S15/8925 G01S7/5208 A61B8/44

US7998072

Espacenet USPTO

| CORALCABLE
NS INTERCONNET

patsnap

2005-07-07

2003-12-19

RT30 DIGITAL
BEAM
PROCESSOR(FO)

M’

PRINTED CIRCUIT
BOARD INTERCONNECTS)

CONVENTIONAL
ANALOG
PROCESSOR(TRS)



https://share-analytics.zhihuiya.com/view/50a939da-5c89-4a2b-98de-7eeb96bcb613
https://worldwide.espacenet.com/patent/search/family/034700484/publication/US2005148878A1?q=US2005148878A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220050148878%22.PGNR.&OS=DN/20050148878&RS=DN/20050148878

