06/00360:5 A 1|1 0 000N 0 T 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f ‘1”1‘

) IO O T D OO

International Bureau

(43) International Publication Date
12 January 2006 (12.01.2006)

(10) International Publication Number

WO 2006/003605 Al

(51) International Patent Classification : A61B 8/00,
BO6B 1/02, G10K 11/34, GO1N 29/22, GO1S 7/524

(21) International Application Number:

PCT/IB2005/052126

(22) International Filing Date: 27 June 2005 (27.06.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/583,490 28 June 2004 (28.06.2004)  US

(71) Applicant (for all designated States except US): KONIN-
KLIJKE PHILIPS ELECTRONICS, N.V. [NL/NL];
Groenewoudseweg 1, NL-5621 BA Eindhoven (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): SAVORD, Bernard
[US/US]; P.O. Box 3001, Briarcliff Manor, NY 10510-
8001 (US).

(74) Common Representative: KONINKLLJKE PHILIPS
ELECTRONICS N.V.; c/o John F. Vodopia, P.O. Box
3001, Briarcliff Manor, NY 10510-8001 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, S1, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

(34)

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR AMPLIFYING TRANSMIT WAVEFORMS GENERATED BY AN ULTRASONIC

SYSTEM

100
104 — \l T/102 /
114
e 132»\1*] 145
134/”::} > >
_t 106 g 140 150
L~ 120 130 135
X 122,
124 L~147
110 ( N
3 160
127
129
— /
119 128

1)

18

& (57) Abstract: An ultrasonic imaging system (100) having an ultrasonic probe (110) which improves poor harmonic performance of
existing transmit circuits through the use of a linear high-voltage transmit amplifier (129) on each sub-channel to amplify low-voltage
arbitrary shape transmit waveforms generated by the ultrasonic system (100) is presented. The linear high-voltage amplifier (129)
of the ultrasonic probe (110) amplifies low-voltage arbitrary shape transmit waveforms beam-formed by a micro-beam-former (119)

=

of the ultrasonic system (100).



WO 2006/003605 A1 |}/ DA 000 0 000 0 00O

SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, — as to the applicant’s entitlement to claim the priority of the
ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, earlier application (Rule 4.17(iii)) for all designations
MZ, NA, SD, SL, S7, TZ, UG, ZM, ZW), Eurasian patent Published:
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent =~ with international search report

(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, GB,

GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI,  Fortwo-letter codes and other abbreviations, refer to the "Guid-
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, ance Notes on Codes and Abbreviations" appearing at the begin-
GQ, GW, ML, MR, NE, SN, TD, TG) ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2006/003605 PCT/IB2005/052126

SYSTEM AND METHOD FOR AMPLIFYING TRANSMIT WAVEFORMS
GENERATED BY AN ULTRASONIC SYSTEM

The present invention relates generally to ultrasonic imaging systems. More
particularly, it relates to a system and method for amplifying low-voltage arbitrary shape
transmit waveforms beam-formed by a micro-beam-former of a ultrasonic imaging system
to improve harmonic imaging.

Ultrasonic transducers are used in many medical applications and, in particular, for
the non-invasive acquisition of images of organs and conditions within a patient, typical
examples being the ultrasonic imaging of fetuses and the heart. The ultrasonic transducers
used in such applications are generally hand held, and must meet stringent dimensional
constraints in order to acquire the desired images. It is frequently necessary that the
transducer be able to obtain high resolution images of particular portions of a patient's
body when using endoscopic ultrasonic imaging equipment.

Typically, conventional ultrasonic imaging equipment use one-dimensional and
two-dimensional arrays for acquiring the ulirasonic images of particular tissues or organs
within the patient's body. Generally, these arrays include a plurality of acoustic elements
arranged in a planar configuration. Beam steering and beam tractor-treading are used in
such systems to control the propagation of the output ultrasonic beam such that the output
beam may be steered along a horizontal axis and/or along a vertical axis. Employing these
methods allows ultrasonic systems to receive transmit waveforms which are processed
using harmonic imaging to acquire images of the particular region of the patient's body.

Existing matrix probe waveforms are generally limited to simple square “bang-
bang” transmit waveforms. Such waveforms, however, have poor performance when used
for harmonic imaging due to their strong transmitted harmonic energy. Therefore, a need
exists for an improved ultrasonic imaging system capable of improving poor harmonic
performance.

It is an object of the present invention to provide an ultrasonic system having an
ultrasonic probe which improves poor harmonic performance of existing transmit circuits
through the use of a linear high-voltage transmit amplifier on each sub-channel.

An ultrasonic imaging system having an ultrasonic probe which improves poor
harmonic performance of existing transmit circuits through the use of a linear high-voltage
transmit amplifier on each sub-channel to amplify low-voltage arbitrary shape transmit

waveforms generated by the ultrasonic system is hereinafter disclosed. In particular, the
-1-
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linear high-voltage amplifier of the ultrasonic probe amplifies low-voltage arbitrary shape
transmit waveforms beam-formed by a micro-beam-former of the ultrasonic system.

Specifically, system transmit waveforms are either transmitted at a low-voltage or
voltage divided down in order to be handled by a low-voltage analog delay ASIC. This
signal is delayed a programmable amount in order to provide transmit beam formation, and
then sent to the linear high-voltage transmit amplifier. The analog delay can be the same
one that is used to beam-form receive signals. To share between transmit and receive, one
can use analog T/R switches to control the direction of signals through the delay line.

The foregoing objects and advantages of the present invention may be more readily
understood by one skilled in the art with reference being had to the following detailed
description of preferred embodiments thereof, taken in conjunction with the accompanying
drawings in which:

FIG. 1 is a block diagram of an ultrasonic imaging system having a linear high-
voltage amplifier for amplifying low-voltage arbitrary shape transmit waveforms beam-
formed by a micro-beam-former of the ultrasonic imaging system in accordance with the
present invention; and

FIG. 2 is a perspective view of the ultrasonic probe and several linear high-voltage
amplifiers of the ultrasonic imaging system shown by FIG. 1.

An ultrasonic imaging system according to the present invention is shown by FIG.
1, and further described with specificity hereinafter. The ultrasonic imaging system 100
includes an ultrasonic probe 110 having a housing 112, an ultrasonic transducer assembly
114, a selector switch 116 (FIG. 2), and associated circuitry 118 which includes a micro-
beam-former 119. The ultrasonic probe 110 is preferably a Matrix TEE probe.

The ultrasonic transducer assembly 114 includes a plurality of acoustic elements
arranged in a number of columns and rows for generating at least one acoustic beam 102
and/or receiving at least one echo signal 104. The ultrasonic transducer assembly 114 is
configured and adapted to fit within the housing 112. The acoustic elements are preferably
configured and arranged in a generally planar configuration, although other configurations
and arrangements, such as convex or cylindrical two-dimensional arrays are contemplated.

Each acoustic element is formed from a suitable piezoelectric material and is
capable of generating an acoustic pulse at a particular frequency when a driver signal is
applied to the acoustic element. A number of acoustic pulses are combined into the

acoustic beam 102 for impinging an acoustic target, where at least some of the energy in
-2
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the acoustic beam 102 is reflected back towards the transducer assembly 114 as echo signal
104. In addition, each acoustic element is capable of receiving the echo signal 104 from
the acoustic target and generating a corresponding output signal 120. The ultrasonic
imaging system has a controller 130 for generating a drive signal 122 and for electronically
steering the acoustic beam 102.

Two-dimensional transducer arrays are generally employed with accompanying
circuitry to produce three-dimensional ultrasonic images of the acoustic target since the
acoustic beam 102 is generated by acoustic elements in both the rows and the columns of
the two-dimensional transducer array. By controlling the phase differential, or the time
delay, among the acoustic elements that are driven by the controller 130, a number of
acoustic pulses are combined into the acoustic beam 102 that can be electronically steered
by the controller 130 to acquire acoustic targets within the field of view of the ultrasonic
probe 110. It is contemplated that a number of the acoustic elements in the transducer
assembly 114 may be "passive" elements (i.e. not configured for generating acoustic pulses
or receiving echo signals) while the remaining acoustic elements are "active" elements (i.e.
configured for generating an acoustic pulse and receiving an echo signal 104). In addition,
the ultrasonic imaging system 100 further includes a signal processor 140, a display device
150, and a storage device 160.

Still referring to FIG. 1, the controller 130 is coupled to the ultrasonic probe 110 -
via a waveform generation block 127 and a connecting means 128 for communicating the
drive signal 122 to one or more of the acoustic elements of the transducer assembly 114.
Additionally, the connecting means 128 communicates a control signal 124 and the output
signal 120 between the ultrasonic probe 110 and the waveform generation block 127.

More speciﬁcally, the controller 130 is operatively coupled to the ultrasonic transducer
assembly 114 via the waveform generation block 127 for varying characteristics and
properties of the generated acoustic beam 102 as discussed in further detail hereinafter.
The waveform generation block 127 sends waveforms to the ultrasonic probe 110.

The connecting means 128 includes a linear high-voltage transmit amplifier 129 on
each sub-channel (as shown by FIG. 2) to amplify low-voltage arbitrary shape transmit
waveforms generated by the ultrasonic probe 110, thereby improving poor harmonic
performance of existing transmit circuits. The amplifier operates in the range of 20 to 200
volts and preferably, in the range of 10 to 100 volts for amplifying waveforms generated in

the 0 to 5 volt range to 0-100 volts. In particular, the linear high-voltage amplifier 129
-3-
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amplifies low-voltage arbitrary shape transmit waveforms beam-formed by the micro-
beam-former 118 of the ultrasonic imaging system 100.

Specifically, system transmit waveforms (signal 120) are either transmitted at a
low-voltage or voltage divided down by a voltage divider (not shown) in order to be
handled by a low-voltage analog delay ASIC 131. The signal 120 is delayed a
programmable amount by the delay ASIC 131 in order to provide transmit beam formation,
and then sent to the linear high-voltage transmit amplifier 129. The analog delay can be
the same one that is used to beam-form receive signals (e.g., drive signals 122).

Preferably, the delay time is 0 to lusec. To share between transmit and receive, one can
use analog T/R switches to control the direction of the signals through the delay line of
connecting means 128. It is contemplated that one or more of the amplifiers 129 for each
sub-channel can be housed within the ultrasonic probe 110, the controller 130 and/or other
component of the ultrasonic imaging system 100.

The controller 130 generates a plurality of driver signals 122 that correspond to the
number of acoustic elements to be activated. The controller 130 further controls the timing
of the respective driver signals 122 applied to the acoustic elements (i.e. phase shifting). In
a preferred embodiment, the controller 130 includes a user interface 132 and associated
circuitry for controlling the timing of the drive signals 122. Tt is further contemplated that
more than one acoustic element in the ultrasonic transducer assembly 114 may be activated
by the controller 130 simultaneously thereby forming an active aperture producing the
acoustic beam 102. Advantageously, the user interface 132 is operable by an operator to
adjust and/or control the active aperture for acquiring the desired image. In addition, the
user interface 132 is configured and adapted for affecting other aspects of the ultrasonic
imaging system 100, such as starting and stopping the system, directing the image
information to the display device 150, directing the image information to the storage device
160, and retrieving the image information from the storage device 160.

The controller 130 is operatively coupled to the ultrasonic transducer assembly 114
for varying characteristics and properties of the generated acoustic pulses that are included
in the acoustic beam 102. The controller 130 generates a plurality of drive signals 122 that
correspond to the number of acoustic elements to be activated. The controller 130 further
controls the timing of the respective drive signals 122 applied to the acoustic elements (i.e.
phase shifting), and the resulting acoustic beam 102 is initially generated at a first end of

the ultrasonic transducer assembly 114 and advances towards a second end.
4.
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More specifically, when the acoustic beam 102 is initially formed, a number of the
active acoustic elements disposed in the ultrasonic transducer assembly 114 is actuated
simultaneously by corresponding drive signals 122 from the controller 130. In one
embodiment, the acoustic elements are arranged in a number of rows and columns to form
an array where the controller 130 activates a predetermined number of acoustic elements in
the rows and columns to form the acoustic beam 102.

Alternatively, the controller 130 can actuate a number of active acoustic elements
in a number of columns where the number of acoustic elements activated is less than the
number of active acoustic elements in each of the columns thereby forming a smaller active
aperture and acoustic beam 102. Preferably, the controller 130 causes the generation of
acoustic beam 102 within the active aperture and the controller 130 is adapted to move the
active aperture and the acoustic beam 102 along the row of acoustic elements. After the
active aperture reaches the end of the row of acoustic elements, the controller 130 shifts the
acoustic beam 102 and the active aperture by the number of previously activated columns
and causes the active aperture to advance. By advantageously controlling the motion and
direction of the acoustic beam 102 and resultant active aperture, a three-dimensional
volume is obtainable.

In one embodiment, the associated circuitry in the controller 130 generates the
control signal 124 in response to selections made by the operator in the user interface 132.
The user interface 132 includes one or more user operable controls such as a rocker switch,
a button, a trackball, a touchpad, a pointing stick, etc. These user operable controls permit
the user to control various features and aspects of the ultrasonic imaging system 100, such
as field of view of the ultrasonic probe 110, local control of the ultrasonic probe 110 (i.e.
controlled by the user interface 132), or remote control of the ultrasonic probe 110 (i.e.
controlled by the selector switch 116). In turn, the control signal 124, in cooperation with
the associated circuitry, generates the number of drive signals 122 to generate the acoustic
beam 102. In addition, the control signal 124 cooperates with the associated circuitry to
control the timing of the drive signals 122, thereby controlling the active aperture and the
acquired image.

In a preferred embodiment, the control signal 124 is generated by the associated
circuitry 118 of the ultrasonic probe 110. More particularly, the selector switch 116

cooperates with the associated circuitry 118 to generate the control signal 124. In turn, the

‘control signal 124 is communicated to the associated circuitry of the controller 130 via the
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connecting means 128. The generation and control of the drive signals 122 by the control
signal 124 are identical to the previous embodiment, where the control signal 124 was
generated in the controller 130. As shown by FIG. 2, the selector switch 116 is user
operable for controlling characteristics of the acquired image by controlling the generation
and timing of the drive signals 122. The selector switch 116 may be a rocker switch, a
button, a trackball, a touchpad, a pointing stick, etc.

More particularly, when the user selects local control of the ultrasonic probe 110,
the associated circuitry in the controller 130 generates the control signal 124 according to
user selections on the user interface 132. Preferably, the user interface 132 includes a
control device 134 having at least two positions or states for controlling the associated
circuitry in response to the user's selections. The control device 134 may be a rocker
switch, a button, a trackball, a touchpad, a pointing stick, etc. The control signal 124 has
unique characteristics for each position or state of the control device 134. Therefore, by
selecting a position on the control device 134, the user controls the associated circuitry for
controlling the control signal 124 and the acquired image. For example, the operator can
steer the planes of the scan in preselected modes such as lateral tilt, elevational tilt, or
rotation.

By advantageously providing the selector switch 116 and the associated circuitry
118 on the ultrasonic probe 110, the operator can readily control some of the operations of
the ultrasonic imaging system 100 from the ultrasonic probe 110 and need not operate user
interface 132 located on the system unit. When controlling the ultrasonic probe 110
remotely, the selector switch 116 in cooperation with the associated circuitry in the
ultrasonic probe 110 generates the control signal 124. Similar to local control of the
ultrasonic probe 110, the associated circuitry generates the control signal 124 having
unique characteristics for each position or state of the selector switch 116. Therefore, by
selecting a position on the selector switch 116, the user controls the associated circuitry for
controlling the control signal 124 and the acquired image. For example, the operator can
steer the planes of the scan in preselected modes such as lateral tilt, elevational tilt, or
rotation. Additionally, by controlling the control signal 124, and therefore the drive signals
122, from the ultrasonic probe 110 reduces the need for binding the user interface 132 to
the modes of operation of the ultrasonic imaging system 100.

For example, the operator positions the ultrasonic probe 110 in contact between a

patient's ribs, then holds the ultrasonic probe 110 stationary while electronically steering
-6-



10

15

20

25

30

WO 2006/003605 PCT/IB2005/052126

the scan using the same hand to operate the selector switch 116. In one embodiment, the
selector switch 116 and the associated circuitry 118 adjust the binding based on the mode
of operation of the ultrasonic imaging system 100. For example, when using Flow mode or
Doppler mode, the generated control signal 124 moves the region of interest, whereas in
the Live 3D mode, it rotates the displayed volume. Alternatively, the binding of the
selector switch 116 may be user selectable.

The connecting means 128 is generally a cable including a plurality of conducting
elements, such as wires. Alternatively, the connecting means 128 can significantly be
improved if some of the electronics are located in the ultrasonic probe housing 112 and the
connecting means is a wireless connection, such as infrared or radio frequency.

This output signal 120 is communicated through the controller 130 to the signal
processor 140. In the signal processor 140, the output signal 120 of the transducer
assembly 114 is transformed by associated circuitry in the signal processor 140 to generate
an image signal 145. A display device 150 is operatively coupled to an output of the signal
processor 140 for receiving one or more image signals 145 and for transforming the image
signals 145 into a video image. Essentially, the display device 150 is capable of displaying
data corresponding to the at least one image signal 145. It is preferred that the display
device 150 be a video monitor that is readily viewable by attending personnel.

Alternatively, the associated circuitry in the signal processor 140 produces a data
signal 147 in addition to, or in lieu of the image signal 145. In an embodiment where
signal processor produces the data signal 147 in addition to the image signal 145, it is
preferred that the data signal 147 includes substantially identical information as contained
in the image signal 145. A storage device 160 is operatively coupled to an output of the
signal processor 140 for receiving one or more data signals 147 and for transforming the at
Jeast one data signal 147 into an organized sequence representing the information included
in the at least one data signal 147. Essentially, the storage device 160 is capable of storing
data corresponding to the at least one data signal 147. It is preferred that the storage device
is a magnetic storage device such as a magnetic disc or a magnetic tape. More preferably,
the storage device is a hard drive. It is contemplated that other storage devices such as
optical storage devices may be used in lieu of the hard drive without departing from the
scope or spirit of the present invention.

In another embodiment, the user interface 132 is further adapted and configured to

cooperate with the associated circuitry in the signal processor 140 for retrieving the data
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stored in the storage device 160. In this embodiment, the storage device 160 transforms
the stored data into at least one data signal 147 that is communicated to the associated
circuitry of the signal processor 140. The associated circuitry of the signal processor 140
transforms the at least one data signal 147 into at least one image signal 145. The at least
one image signal 145 is then communicated to the display device 150 for viewing as
previously discussed.

The described embodiments of the present invention are intended to be illustrative
rather than restrictive, and are not intended to represent every embodiment of the present
invention. Various modifications and variations can be made without departing from the
spirit or scope of the invention as set forth in the following claims both literally and in

equivalents recognized in law.
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CLAIMS:
1. An ultrasonic imaging apparatus comprising:

an ultrasonic probe (110) having a housing (112);

an ultrasonic transducer assembly (118) configured and adapted to fit within the
housing (112), the ultrasonic transducer assembly (118) being capable of generating at
least one acoustic beam and/or receiving at least one echo signal;

associated circuitry located within said housing (112) and operatively coupled to
said ultrasonic transducer assembly (118) for controlling the at least one acoustic beam
thereof; and

at least one transmit amplifier (129) for amplifying signals received from the
associated circuitry.
2. The ulirasonic imaging apparatus of claim 1, wherein said at least one transmit
amplifier (129) is a linear high-voltage transmit amplifier (129).
3. The ultrasonic imaging apparatus of claim 1, wherein said at least one transmit
amplifier (129) operates at a voltage range of 20 to 200 volts.
4. The ultrasonic imaging apparatus of claim 1, wherein said at least one transmit
amplifier (129) operates at a voltage range of 10 to 100 volts.
5. The ultrasonic imaging apparatus of claim 1, wherein the signals transmitted by the
associated circuitry are low-voltage arbitrary shape transmit waveforms beam-formed by a
micro-beam-former (118) of the associated circuitry.
6. The ultrasonic imaging apparatus of claim 1, further comprising a delay circuit
(131) for delaying the signals transmitted by the associated circuitry by a programmable
amount.
7. The ultrasonic imaging apparatus of claim 6, wherein the programmable amount is
in the range of 0 to lusec.
8. An ultrasonic imaging system (100) comprising:

an ultrasonic imaging probe (110) comprising a housing (112), an ultrasonic
transducer assembly (118) configured and adapted to fit within said housing (112), the
ultrasonic transducer assembly (118) capable of generating at least one acoustic beam
and/or receiving at least one echo signal, and associated circuitry located within said
housing (112) and operatively coupled to the ultrasonic transducer assembly (118) for

controlling the at least one acoustic beam thereof;
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at least one transmit amplifier (129) for amplifying signals received from the
associated circuitry; and

a controller (130) for producing a drive signal for operating the ultrasonic
transducer assembly (118) for generating the at least one acoustic beam and for receiving
said amplified signals.
9. The ultrasonic imaging system (100) of claim 8, wherein said at least one transmit
amplifier (129) is a linear high-voltage transmit amplifier (129).
10.  The ultrasonic imaging system (100) of claim 8, wherein said at least one transmit
amplifier (129) operates at a voltage range of 20 to 200 volts.
11.  The ultrasonic imaging system (100) of claim 8, wherein said at least one transmit
amplifier (129) operates at a voltage range of 10 to 100 volts.
12.  The ultrasonic imaging system (100) of claim 8, wherein the signals transmitted by
the associated circuitry are low-voltage arbitrary shape transmit waveforms beam-formed
by a micro-beam-former (119) of the associated circuitry.
13.  The ultrasonic imaging system (100) of claim 8, further comprising a delay circuit
(131) for delaying the signals transmitted by the associated circuitry by a programmable
amount.
14.  The ultrasonic imaging system (100) of claim 13, wherein the programmable
amount is in the range of 1 to lusec.
15.  The ultrasonic imaging system (100) of claim 8, further comprising:

a signal processor (140) coupled to said ultrasonic transducer assembly (118) for
processing the at least one echo signal, thereby forming at least one image signal;

means for connecting (128) said ulirasonic probe to an ultrasonic imaging
apparatus; and

a display (150) for displaying the at least one image signal.
16. At least one signal generated by at least one linear high-voltage transmit amplifier
(129) of an ultrasonic imaging system (100), said system (100) comprising:

an ultrasonic probe (110) having a housing (112);

an ultrasonic transducer assembly (118) configured and adapted to fit within the
housing (112), the ultrasonic transducer assembly (118) being capable of generating at

least one acoustic beam and/or receiving at least one echo signal;
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associated circuitry located within said housing (112) and operatively coupled to
said ultrasonic transducer assembly (118) for controlling the at least one acoustic beam
thereof;, and

said at least one linear high-voltage transmit amplifier (129) for amplifying signals
received from the associated circuitry.
17.  An ultrasonic probe (110) comprising:

a housing (112);

an ultrasonic transducer assembly (118) configured and adapted to fit within said
housing (112), the ultrasonic transducer assembly (118) capable of generating at least one
acoustic beam and/or receiving at least one echo signal;

associated circuitry located within said housing (112) and operatively coupled to
the ultrasonic transducer assembly (118) for controlling the at least one acoustic beam
thereof; and '

at least one transmit amplifier (129) for amplifying signals received from the
associated circuitry.
18.  The ultrasonic probe (110) of claim 17, wherein a controller (130) is operatively
coupled to said associated circuitry, said controller (130) producing a drive signal for
operating the ultrasonic transducer assembly (118) to generate the at least one acoustic
beam.
19.  The ultrasonic probe (110) of claim 17, wherein said at least one transmit amplifier
(129) is a linear high-voltage transmit amplifier (129).
20.  The ultrasonic probe (110) of claim 17, wherein the signals transmitted by the
associated circuitry are low-voltage arbitrary shape transmit waveforms beam-formed by a

micro-beam-former (119) of the associated circuitry.
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