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(7) ABSTRACT

A low-voltage transmit/receive switch that acts to protect
sensitive low-voltage electronics from high-voltage pulse
signals used to drive an ultrasonic transducer. The low-
voltage transmit/receive switch comprises a series resistor
and a parallel MOSFET pair. The parallel MOSFETs are
low-voltage devices. The low-voltage transmit/receive
switch is placed between the output of a high-voltage pulser
and the input of a receive pre-amplifier. If dual high- and
low-voltage pulsers are used, then the low-voltage pulser is
connected so that it is also protected from the high-voltage
pulse signals by the low-voltage transmit/receive switch. In
an alternative embodiment, the low-voltage pulser and the
receive pre-amplifier are protected from the high-voltage
pulse signals by a high-voltage transmit/receive switch.
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1
INTEGRATED LOW-VOLTAGE
TRANSMIT/RECEIVE SWITCH FOR
ULTRASOUND IMAGING SYSTEM

BACKGROUND OF THE INVENTION

This invention generally relates to integrated circuitry for
use in conjunction with ultrasonic transducer elements. In
particular, the invention relates to transmit/receive switches
for protecting sensitive low-voltage receive electronics from
pulses generated by high-voltage transmit electronics in
ultrasound imaging systems.

A medical ultrasound imaging system forms an image by
acquiring individual ultrasound lines (or beams). The lines
are adjacent to each other and cover the target area to be
imaged. Each line is formed by transmitting an ultrasonic
pulse in a particular spatial direction and receiving the
reflected echoes from that direction. The spatial character-
istics of the transmitted wave and the characteristics of the
receive sensitivity determine the quality of the ultrasound
image. It is desirable that the ultrasound line gathers target
information only from the intended direction and ignores
targets at other directions.

Conventional ultrasound imaging systems comprise an
array of ultrasonic transducer elements that are used to
transmit an ultrasound beam and then receive the reflected
beam from the object being studied. Such scanning com-
prises a series of measurements in which the focused ultra-
sonic wave is transmitted, the system switches to receive
mode after a short time interval, and the reflected ultrasonic
wave is received, beamformed and processed for display.
Typically, transmission and reception are focused in the
same direction during each measurement to acquire data
from a series of points along an acoustic beam or scan line.
The receiver is dynamically focused at a succession of
ranges along the scan line as the reflected ultrasonic waves
are received.

For ultrasound imaging, the array typically has a multi-
plicity of transducer elements arranged in one or more rows
and driven with separate voltages. By selecting the time
delay (or phase) and amplitude of the applied voltages, the
individual transducer elements in a given row can be con-
trolled to produce ultrasonic waves that combine to form a
net ultrasonic wave that travels along a preferred vector
direction and is focused in a selected zone along the beam.

The same principles apply when the transducer probe is
employed to receive the reflected sound in a receive mode.
The voltages produced at the receiving transducer elements
are summed so that the net signal is indicative of the
ultrasound reflected from a single focal zone in the object.
As with the transmission mode, this focused reception of the
ultrasonic energy is achieved by imparting separate time
delay (and/or phase shifts) and gains to the signal from each
receiving transducer element. The time delays are adjusted
with increasing depth of the returned signal to provide
dynamic focusing on receive.

The quality or resolution of the image formed is partly a
function of the number of transducer elements that respec-
tively constitute the transmit and receive apertures of the
transducer array. Accordingly, to achieve high image quality,
a large number of transducer elements is desirable for both
two- and three-dimensional imaging applications. The ultra-
sonic transducer elements are typically located in a hand-
held transducer probe that is connected by a flexible cable to
an electronics unit that processes the transducer signals and
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generates ultrasound images. The transducer probe may
carry both ultrasound transmit circuitry and ultrasound
receive circuitry.

It is known to include high-voltage components in the
transmit circuitry to drive the individual ultrasonic trans-
ducer elements, while low-voltage, high-density digital
logic circuitry is used to provide transmit signals to the
high-voltage drivers. The high-voltage drivers typically
operate at voltages of up to approximately 100 volts, while
the low-voltage logic circuitry has an operating voltage on
the order of 5 volts in the case of TTL logic. The high-
voltage drivers may be fabricated as discrete components or
as integrated circuits, while the low-voltage logic circuitry
may be fabricated as a separate integrated circuit or com-
bined with the high-voltage circuitry on a single chip. In
addition to transmit circuitry including the high-voltage
drivers and low-voltage logic circuitry, the transducer head
may include low-noise, low-voltage analog receive circuitry.
The low-voltage receive circuitry, like the transmit logic
circuitry, typically has an operating voltage on the order of
5 volts, and may be a separate integrated circuit or may be
fabricated with the low-voltage transmit logic circuitry as a
monolithic integrated circuit.

Typically, a transmit/receive switch is placed between the
output-stage transistors and the transducer element. The
transmit/receive switch is also connected to the low-voltage
receive circuit. The transmit/receive switch has two states.
In the transmit state, the transmit/receive switch connects
the output-stage transistors to the ultrasonic transducer ele-
ment, while isolating the receive circuit from the high-
voltage transmit pulse. In the receive state, the transmit/
receive switch isolates the output-stage transistors from the
ultrasonic transducer element and instead connects the
receive circuit to the transducer element.

In order to maximize the number of transducer elements
to achieve high-quality ultrasound images, it is desirable to
integrate as much circuitry as possible in as small a volume
as possible to reduce the size and complexity of the circuitry,
whether the circuitry be located within a transducer probe or
in an electronics unit separate therefrom. In addition, some
applications, for example, very high-frequency ultrasound
imaging, require that transmit circuitry be located as close as
possible to the transducer elements to avoid signal loading
by a long cable. Therefore it has been proposed to integrate
the aforementioned high-voltage drivers with either or both
of the low-voltage transmit logic circuitry and the low-
voltage receive circuitry as a monolithic integrated circuit.

There is a need for a low-voltage transmit/receive switch
that acts to protect sensitive low-voltage electronics from
high-voltage pulse signals used to drive an ultrasonic trans-
ducer. Further, in a portable ultrasound system, this circuit
should be power efficient and easy to incorporate into an
integrated circuit.

BRIEF DESCRIPTION OF THE INVENTION

The invention is directed in part to a low-voltage transmit/
receive switch that acts to protect sensitive low-voltage
electronics from high-voltage pulse signals used to drive an
ultrasonic transducer. In one embodiment, the low-voltage
transmit/receive switch comprises a series resistor and a
parallel MOSFET pair. The parallel MOSFETs are low-
voltage devices. The low-voltage transmit/receive switch is
placed between the output of a high-voltage pulser and the
input of a receive pre-amplifier. If dual high- and low-
voltage pulsers are used, then the low-voltage pulser is
connected so that it is also protected from the high-voltage
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pulse signals by the low-voltage transmit/receive switch. In
an alternative embodiment, the low-voltage pulser and the
receive pre-amplifier are protected from the high-voltage
pulse signals by a high-voltage transmit/receive switch.

One aspect of the invention is a device comprising an
ultrasonic transducer element and an integrated circuit
which, in turn, comprises a high-voltage pulser for driving
the ultrasonic transducer element with high-voltage transmit
pulse signals, an amplifier for receiving a receive signal
from the ultrasonic transducer element, and a low-voltage
transmit/receive switch having first and second switch
states. The amplifier is protected from the high-voltage
transmit pulse signals by the low-voltage transmit/receive
switch in the first switch state and is not protected when the
low-voltage transmit/receive switch is in the second switch
state.

Another aspect of the invention is a device comprising a
multiplicity of ultrasonic transducer elements and a multi-
plicity of integrated circuits respectively electrically coupled
to the ultrasonic transducer elements, wherein each of the
integrated circuits comprises a high-voltage pulser for driv-
ing a respective ultrasonic transducer element with high-
voltage transmit pulse signals, an amplifier for receiving a
receive signal from a respective ultrasonic transducer ele-
ment, and a low-voltage transmit/receive switch having first
and second switch states. The amplifier is protected from the
high-voltage transmit pulse signals by the low-voltage trans-
mit/receive switch in the first switch state and is not pro-
tected when the low-voltage transmit/receive switch is in the
second switch state.

A further aspect of the invention is a device comprising an
ultrasonic transducer element and an integrated circuit that
comprises a high-voltage pulser for driving the ultrasonic
transducer element with high-voltage transmit pulse signals
during a first phase of operation, a low-voltage pulser for
driving the ultrasonic transducer element with low-voltage
transmit pulse signals during a second phase of operation, an
amplifier for receiving a receive signal from the ultrasonic
transducer element, and a low-voltage transmit/receive
switch having first and second switch states. Both the
amplifier and the low-voltage pulser are protected from the
high-voltage transmit pulse signals during the first phase of
operation by the low-voltage transmit/receive switch in the
first switch state and are not protected when the low-voltage
transmit/receive switch is in the second switch state.

Yet another aspect of the invention is a device comprising
an ultrasonic transducer element and an integrated circuit
that comprises a high-voltage pulser for driving the ultra-
sonic transducer element with high-voltage transmit pulse
signals during a first phase of operation, a low-voltage pulser
for driving the ultrasonic transducer element with low-
voltage transmit pulse signals during a second phase of
operation, an amplifier for receiving a receive signal from
the ultrasonic transducer element, and a transmit/receive
switch having first and second switch states. Both the
amplifier and the low-voltage pulser are protected from the
high-voltage transmit pulse signals during the first phase of
operation by the transmit/receive switch in the first switch
state and are not protected when the transmit/receive switch
is in the second switch state.

Another aspect of the invention is a device comprising an
ultrasonic transducer element, a first junction, a high-voltage
pulser having an output coupled to the ultrasonic transducer
element through the first junction, a second junction, a
resistor located to provide a voltage drop between the first
and second junctions, an amplifier having an input coupled
to the ultrasonic transducer element through the first and
second junctions and the resistor, and first and second
transistors connected in parallel between the second junction
and a bias voltage that will not damage the amplifier.
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Other aspects of the invention are disclosed and claimed
below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing conventional
ultrasonic transducer array interface electronics.

FIG. 2 is a schematic diagram showing a conventional
ultrasound transmitter configuration with a transmit/receive
switch for protecting a receive pre-amplifier.

FIG. 3 is a schematic diagram showing a circuit that
includes a transmit/receive switch formed by a pair of
low-voltage FETs and a resistor in accordance with one
embodiment of the invention.

FIG. 4 1s a graph showing the operating waveforms for the
low-voltage transmit/receive switch depicted in FIG. 3.

FIG. 5 is a schematic diagram showing a circuit that
includes a dual pulser with a transmit/receive switch of the
type depicted in FIG. 3 for protecting the receive amplifier
and the low-voltage pulser in accordance with another
embodiment of the invention.

FIG. 6 is a schematic diagram showing a circuit that
includes a dual pulser with an FET-based transmit/receive
switch for protecting the receive amplifier and the low-
voltage pulser in accordance with a further embodiment of
the invention.

FIG. 7 is a schematic diagram showing a circuit that
includes a dual pulser with reduced receive loading in
accordance with yet another embodiment of the invention.

Reference will now be made to the drawings in which
similar elements in different drawings bear the same refer-
ence numerals.

DETAILED DESCRIPTION OF THE
INVENTION

The signal chain for conventional transmit and receive
electronics for one ultrasonic transducer element is shown in
FIG. 1. The transmit logic 10 is a digital circuit that creates
a waveform to drive the transducer array element. In the
transmit mode, the output of the transmit logic 10 is used to
control a driver (i.e., pulser) 12 that buffers the signal and
provides the necessary bias to the transducer element 22. In
order to protect the receive electronics from the transmit
voltage, a transmit/receive (T/R) switch 14 is used. In the
receive mode, the transducer array is configured to detect the
reflected ultrasound echoes. A sensitive low-noise pre-am-
plifier 16 is used to boost the signal by 20 dB or more.
Following the pre-amplifier, a time gain control (TGC)
amplifier 18 compresses the overall 120-dB dynamic range
to an instantaneous range of 70 dB and accounts for loga-
rithmic attenuation of ultrasound in the body. The output of
the TGC amplifier 18 is filtered to prevent aliasing and then
digitized by an analog-to-digital converter (ADC) 20. The
output of each channel is sent to the beamformer (not shown
in FIG. 1), where the data from the entire array is processed
to form an image.

Typically, the driver circuit comprises a high-voltage
high-current output stage that is controlled by a low-current
intermediate stage. For example, as shown in FIG. 2, the
output stage may comprise a PMOS transistor M; and an
NMOS transistor M,,. having their drains connected. The
intermediate stage (not shown in FIG. 2) typically drives the
gates of the output transistors 5 to 10 V greater (NMOS) or
less than (PMOS) the high-voltage supply VH1+. The rise
time is directly related to the transistor-ON resistance when
driving the ultrasonic transducer, which is principally a
capacitive load. This is because the transistor-ON resistance
sets the maximum drive current that is used to drive the
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transducer capacitance directly. The transistor-ON resis-
tance in turn is a function of the gate-source voltage (as well
as other parameters).

Each element 22 in an ultrasonic transducer array can be
driven by a respective driver or pulser circuit having the
configuration shown in FIG. 2. The ultrasonic transducer
element 22 is driven by the voltage V,,, output from a
Junction connecting the drain of the PMOS transistor M, to
the drain of the NMOS transistor M,,. The source of PMOS
transistor M is connected to a terminal at potential VH1+,
while the source of NMOS transistor 14 is connected to a
terminal at potential VH1-. The gate of PMOS transistor M,
has a control signal voltage V applied thereto, while the
gate of NMOS transistor M, has a control signal voltage V,,
applied thereto. For example, the gates of the output tran-
sistors M; and M, may be respectively driven 5 V less than
the high-voltage supply VH1+ and 5 V greater than the
low-voltage supply VHI1-. When the control voltage V,
input to the gate of transistor M, falls by 5 V, then the
transistor M, is turned on and V_,, to the ultrasonic trans-
ducer element rises from 0 to VH1+. Later when the control
voltage V,, input to the gate of transistor M,, rises to 5V, the
transistor M, is turned on and the voltage level V_,, to the
ultrasonic transducer element falls from VHI1+ to VHI-.

The sensitive low-voltage receive electronics, including
pre-amplifier 16 in FIG. 2 are protected from the high-
voltage pulse signals used to drive the ultrasonic transducer
22 by a transmit/receive switch 14. It is known in the prior
art to use two-terminal discrete diodes to protect the low-
voltage receive electronics. It is also known to place an FET
in series with the transducer and the transmitter. See, e.g.,
U.S. Pat. No. 5,603,324.

In accordance with one embodiment of the present inven-
tion shown in FIG. 3, the transmit/receive switch comprises
a series resistor 24 and a parallel FET pair. The parallel FETs
are low-voltage devices. With reference to FIG. 3, M; and
M, are the high-voltage pulser output pair; Mg and My are
low-voltage MOSFETs with 500-ohm ON resistance. As
seen in FIG. 3, the drains of the low-voltage MOSFETs
M/M; are connected to a first junction, which in turn is
connected by a conductor to a second junction located on the
conductor connecting the resistor 24 to the input to the
pre-amplifier 16. The other terminal of the resistor 24 is
connected to a junction located on the conductor connecting
the output of the high-voltage pulser output pair My/M, to
the transducer 22. The sources of the low-voltage MOSFETs
M,/M; are connected to a junction that is at voltage level
VBI1, which is a bias voltage.

When the pulser M;/M, is operating (i.e., during the
transmit phase), the low-voltage transistor pair Ms/M; is
turned on. As seen in FIG. 4, in this example the low-voltage
transistor pair Ms/M, is turned on when the digital control
signals V., and V. are respectively high and low. This
forces Vi, (the voltage input to the pre-amplifier 16) to a
reduced voltage through the voltage divider formed by the
resistor 24 and the low-voltage MOSFETs Ms/M,. More
specifically, when the voltage V,,,,.cuueer (the voltage to the
ultrasonic transducer 22 in FIG. 3) is VH1-, the voltage V.
is VCI-, while when the voltage V is VH14+, the
voltage V. is VC1+.

The following conditions are assumed for the purpose of
illustration: (1) VH1+=50 V; (2) the impedance of the
resistor 24 is 3.5 kilo-ohms; (3) the impedance of the
transducer at the operating frequency of interest is 100
ohms; and (4) the ON resistance of the low-voltage MOS-
FETs Ms/Mg is 500 ohms. In that case, then V,, =50 Vx500/
(3500+500)=50 Vx500/4000=50 Vx'4=6.25 V. Similarly,
when VH1-==50V, V =-6.25 V. Therefore, the transmit/
receive switching circuit shown in FIG. 3 effectively reduces
the high voltage (50 V) to a low voltage (£6.25 V) to
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protect the pre-amplifier receive electronics. The pulser will
see the transducer impedance in parallel with the resis-
tors=100x4000/(100+4000)=97.6 ohms. The load will be
somewhat more resistive, but will only dissipate about
50%/4000=625 mWx1%=6.25 mW in the resistor/MOSFET
combination at the low pulser duty cycle. This is much less
than the loss incurred with a prior art diode-based transmit/
receive switch that is constantly turned on.

During the receive phase, the low-voltage MOSFETs
M/M, are both turned off. In that case there is a 3.5-kU
resistor in series with the input to the pre-amplifier 16. For
a high-impedance pre-amplifier, this does not reduce the
input signal appreciably. Voltage noise on the order of about
301V rms is added (for a bandwidth of 15 MHz). A smaller
resistor could be used to reduce the added noise at the
expense of increased power dissipation.

The bias voltage VBI1 is nominally 0 V or ground or
analog ground. In some systems it may be advantageous to
choose an analog ground level that is not the same as the
system ground level. For example, system ground may be 0
V while analog ground is 2.5 V. In this case, VBI1 could be
2.5 V instead. In general, VBI1 is a voltage that does not
damage the pre-amplifier 16 and still allows the high input
voltage to be divided properly to prevent the transmit pulse
from damaging the pre-amplifier 16.

For the purposes of this disclosure, “low voltage” means
any voltage level that is readily implemented in widely
available “standard” semiconductor processes. This could be
anywhere from 2.5 to 5 V (for CMOS) up to 25 to 30 V (for
BiCMOS). In contrast, “high voltage” means voltage levels
that are only accessible if more specialized semiconductor
processes and device structures are used (e.g., DMOSFETSs,
silicon on insulator (SOI), trench isolation, etc.) Therefore
any voltage level from about 30 V up to as high as 500 V
should be considered to be “high voltage”. Naturally, the
present invention will only work to protect the low-voltage
devices if the divider is great enough to reduce the high
voltage to something that the low-voltage devices can tol-
erate.

The transmit/receive switch shown in FIG. 3 has the
following important features: (1) It does not use diodes,
which are difficult to integrate and consume a considerable
amount of power (in static bias operation). (2) It uses a
resistor to drop the high voltage and protect the low-voltage
receive circuitry. (3) It uses low-voltage MOSFETs that act
as selectively enabled resistors to help drop the high voltage.
(4) It can be easily integrated onto an integrated circuit due
to the use of readily available device structures (resistors and
low-voltage MOSFETs). (5) It consumes minimal power
since the switch does not need to be continuously biased. (6)
It uses both an NMOS and a PMOS transistor to ensure that
the circuit can operate properly for bipolar (e.g., 50 V)
transmit pulses.

In a portable cardiac-capable ultrasound imaging system,
circuitry is required to allow fast switching between low-
and high-voltage pulse modes. In the high-voltage mode, it
is necessary to protect the sensitive low-voltage receive
electronics from pulses generated by the high-voltage trans-
mit electronics. Further, in a portable ultrasound system, this
circuit should be power efficient and easy to incorporate into
an integrated circuit.

In accordance with another embodiment of the invention,
the resistor-based transmit/receive switch shown in FIG. 3
can be combined with a dual pulser, as shown in FIG. 5. This
combination can be easily implemented in an integrated
circuit. Small low-current, low-voltage transistors can be
used to form the low-voltage pulser since it does not have to
tolerate high voltage. This saves area on the chip and reduces
the cost.
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Referring to FIG. 5, transistors M; and M, form the
high-voltage pulser output pair, while transistors M, and M,
form the low-voltage pulser output pair. The two pulsers
operate in conjunction to drive the same channel. During one
phase of operation, only the low-voltage pulser is used,
whereas in a second phase of operation, only the high-
voltage pulser is used. The low-voltage pulser needs to be
protected during the phase when the high-voltage pulser is
being used. Such protection is provided by transistors M
and My in combination with resistor 24, which form a
low-voltage transmit/receive switch. Since the low-voltage
pulser transistors M, and M, are connected after the trans-
mit/receive switch, they are protected from the high-voltage
pulser just as the pre-amplifier 16 is. Additionally, depend-
ing on the implementation, it may be possible to use the
low-voltage pulser pair M, and M, in place of the transmit/
receive switch pair Mg and M. These transistors would then
have a dual function, and area and expense savings would be
realized.

In accordance with a further embodiment, other (includ-
ing prior art) types of transmit/receive switches could be
used to protect both the pre-amplifier of the receive elec-
tronics and the low-voltage output pair of the dual pulser.
FIG. 6 shows an integrated circuit comprising a dual pulser
with an FET-based transmit/receive switch. Again, transis-
tors M, and M,, form the high-voltage pulser output pair,
while transistors M; and M, form the low-voltage pulser
output pair. Transistors M, and M, form a high-voltage
transmit/receive switch. The sources of transistors M, and
M, are connected to each other; the drain of transistor M, is
connected to a junction located on the conductor that con-
nects the output of the low-voltage pulser pair M, and M, to
the input of the pre-amplifier 16, and the drain of transistor
Mg is connected to a junction located on the conductor that
connects the output of the high-voltage pulser pair M; and
M, to the ultrasonic transducer 22. The use of a high-voltage
transmit/receive switch, instead of the low-voltage transmit/
receive switch shown in FIG. 5, increases the size of the
transmit/receive switch.

The embodiment shown in FIG. 6 may be modified as
shown in FIG. 7 by adding a switch between the high-
voltage pulser and the transducer. [The embodiments shown
in FIGS. 3 and 5 may be similarly modified.] This switch is
used to isolate the high-voltage pulser from the transducer
during receive to reduce receive loading. The switch consists
of a pair of transistors Mg and M, ,. The sources of transis-
tors M, and M, , are connected to each other; the drain of
transistor My, is connected to the output of the high-voltage
pulser pair M; and M,, and the drain of the transistor M, is
connected to a junction located on the conductor that con-
nects the drain of transistor Mg to the ultrasonic transducer
22.

While the invention has been described with reference to
preferred embodiments, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation to
the teachings of the invention without departing from the
essential scope thereof. Therefore it is intended that the
invention not be limited to the particular embodiment dis-
closed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodi-
ments falling within the scope of the appended claims.

The invention claimed is:

1. A device comprising an ultrasonic transducer element
and an integrated circuit, said integrated circuit comprising
a high-voltage pulser including a high-voltage transmit/
receive switch, for driving said ultrasonic transducer ele-
ment with high-voltage transmit pulse signals, an amplifier
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for receiving a receive signal from said ultrasonic transducer
element, and a low-voltage transmit/receive switch having
first and second switch states, said low-voltage transmit/
receive switch being electrically coupled between said high-
voltage pulser and said amplifier, said amplifier being pro-
tected from said high-voltage transmit pulse signals by said
low-voltage transmit/receive switch in said first switch state
and being not protected when said low-voltage transmit/
receive switch is in said second switch state.

2. The device as recited in claim 1, further comprising first
and second junctions, an output of said high-voltage pulser
being electrically coupled to said ultrasonic transducer ele-
ment through said first junction, and an input of said
amplifier being electrically coupled to said ultrasonic trans-
ducer element through said first and second junctions,
wherein said low-voltage transmit/receive switch comprises:

a resistor connected to provide a resistance between said

first and second junctions; and

first and second transistors connected in parallel between

said second junction and a bias voltage that will not
damage said amplifier.

3. The device as recited in claim 2, wherein the sources of
said first and second transistors are connected to a third
junction, said third junction being substantially at said bias
voltage, and the drains of said first and second transistors are
connected to a fourth junction, said fourth junction being
electrically coupled to said resistor through said second
Jjunction.

4. The device as recited in claim 3, wherein said first
transistor is an NMOS transistor and said second transistor
is a PMOS transistor.

5. The device as recited in claim 2, wherein the resistance
of said resistor is large enough to reduce the voltage output
by said high-voltage pulser to a level that will not damage
said amplifier.

6. The device as recited in claim 2, further comprising a
low-voltage pulser having an output electrically coupled to
said input of said amplifier through a third junction located
along the current pathway by which said input of said
amplifier is electrically coupled to said second junction.

7. The device as recited in claim 2, further comprising a
switch between said high-voltage pulser and said first junc-
tion for isolating said high-voltage pulser during receive.

8. The device as recited in claim 1, wherein said high-
voltage pulser comprises first and second transistors having
their respective drains connected to each other at said output
of said high-voltage pulser.

9. A device comprising a multiplicity of ultrasonic trans-
ducer elements and a multiplicity of integrated circuits, each
integrated circuit being electrically coupled to a respective
ultrasonic transducer element, wherein each of said inte-
grated circuits comprises a high-voltage pulser including a
high voltage switch, for driving a respective ultrasonic
transducer element with high-voltage transmit pulse signals,
an amplifier for receiving a receive signal from said ultra-
sonic transducer element, and a low-voltage transmit/receive
switch having first and second switch states, said low-
voltage transmit/receive switch being electrically coupled
between said high-voltage pulser and said amplifier, said
amplifier being protected from said high-voltage transmit
pulse signals by said low-voltage transmit/receive switch in
said first switch state and being not protected when said
low-voltage transmit/receive switch is in said second switch
state.

10. The device as recited in claim 9, wherein each
integrated circuit further comprises first and second junc-
tions, an output of said high-voltage pulser being electrically
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coupled to said ultrasonic transducer element through said
first junction, and an input of said amplifier being electri-
cally coupled to said ultrasonic transducer element through
said first and second junctions, wherein said low-voltage
transmit/receive switch comprises:

a resistor connected to provide a resistance between said

first and second junctions; and

first and second transistors connected in parallel between

said second junction and a bias voltage that will not
damage said amplifier.

11. The device as recited in claim 10, wherein the sources
of said first and second transistors are connected to a third
junction, said third junction being substantially at said bias
voltage, and the drains of said first and second transistors are
connected to a fourth junction, said fourth junction being
electrically coupled to said resistor through said second
Jjunction.

12. The device as recited in claim 10, further comprising
a low-voltage pulser having an output electrically coupled to
said input of said amplifier through a third junction located
along the current pathway by which said input of said
amplifier is electrically coupled to said second junction.

13. A device comprising an ultrasonic transducer element
and an integrated circuit, said integrated circuit comprising
a high-voltage pulser including a high-voltage switch, for
driving said ultrasonic transducer element with high-voltage
transmit pulse signals during a first phase of operation, a
low-voltage pulser for driving said ultrasonic transducer
element with low-voltage transmit pulse signals during a
second phase of operation, an amplifier for receiving a
receive signal from said ultrasonic transducer element, and
a low-voltage transmit/receive switch having first and sec-
ond switch states, said low-voltage transmit/receive switch
being electrically coupled between said high-voltage pulser
and said amplifier, said amplifier and said low-voltage pulser
being protected from said high-voltage transmit pulse sig-
nals during said first phase of operation by said low-voltage
transmit/receive switch in said first switch state and being
not protected when said low-voltage transmit/receive switch
is in said second switch state.

14. The device as recited in claim 13, wherein said
integrated circuit further comprises first and second junc-
tions, an output of said high-voltage pulser being electrically
coupled to said ultrasonic transducer element through said
first junction, and an input of said amplifier being electri-
cally coupled to said ultrasonic transducer element through
said first and second junctions, wherein said low-voltage
transmit/receive switch comprises:

a resistor connected to provide a resistance between said

first and second junctions; and

first and second transistors connected in parallel between

said second junction and a bias voltage that will not
damage said amplifier.

15. The device as recited in claim 14, wherein the sources
of said first and second transistors are connected to a third
Junction, said third junction being substantially at said bias
voltage, and the drains of said first and second transistors are
connected to a fourth junction, said fourth junction being
electrically coupled to said resistor through said second
Junction.

16. The device as recited in claim 14, wherein said
low-voltage pulser has an output electrically coupled to said
input of said amplifier through a third junction located along
the current pathway by which said input of said amplifier is
electrically coupled to said second junction.
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17. The device as recited in claim 14, further comprising
a switch between said high-voltage pulser and said first
junction for isolating said high-voltage pulser during
receive.

18. A device comprising an ultrasonic transducer element
and an integrated circuit, said integrated circuit comprising
a high-voltage pulser including a high-voltage transmit/
receive switch, for driving said ultrasonic transducer ele-
ment with high-voltage transmit pulse signals during a first
phase of operation, a low-voltage pulser for driving said
ultrasonic transducer element with low-voltage transmit
pulse signals during a second phase of operation, an ampli-
fier for receiving a receive signal from said ultrasonic
transducer element, and a transmit/receive switch having
first and second switch states, said low-voltage transmit/
receive switch being electrically coupled between said high-
voltage pulser and said amplifier, said amplifier and said
low-voltage pulser being protected from said high-voltage
transmit pulse signals during said first phase of operation by
said transmit/receive switch in said first switch state and
being not protected when said transmit/receive switch is in
said second switch state.

19. The device as recited in claim 18, further comprising
a switch between said high-voltage pulser and said ultra-
sonic transducer element for isolating said high-voltage
pulser during receive.

20. The device as recited in claim 18, wherein said high-
and low-voltage pulsers each comprise a respective pair of
transistors having their drains connected, and said transmit/
receive switch comprises a pair of transistors having their
sources connected.

21. The device as recited in claim 20, wherein said
integrated circuit further comprises first and second junc-
tions, an output of said high-voltage pulser being electrically
coupled to said ultrasonic transducer element through said
first junction, and an input of said amplifier being electri-
cally coupled to said ultrasonic transducer element through
said first and second junctions, wherein the drain of one of
said transistors of said transmit/receive switch is connected
to said second junction and the drain of the other of said
transistors of said transmit/receive switch 1s connected to
said first junction.

22. A device comprising an ultrasonic transducer element,
a first junction, a high-voltage pulser having an output
coupled to said ultrasonic transducer element through said
first junction, a second junction, a resistor located to provide
a voltage drop between said first and second junctions, an
amplifier having an input coupled to said ultrasonic trans-
ducer element through said first and second junctions and
said resistor, and first and second transistors connected in
parallel between said second junction and a bias voltage that
will not damage said amplifier.

23. The device as recited in claim 22, further comprising
third and fourth junctions, wherein said first and second
transistors have their drains connected at said third junction
and have their sources connected at said fourth junction, said
fourth junction being at said bias voltage.

24. The device as recited in claim 22, wherein said
high-voltage pulser comprises third and fourth transistors
having their respective drains connected to each other at said
output of said high-voltage pulser.

25. The device as recited in claim 24, further comprising
a low-voltage pulser having an output coupled to said
amplifier through said second junction, wherein said low-
voltage pulser comprises fifth and sixth transistors having
their respective drains connected to each other at said output
of said low-voltage pulser.
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