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&) ABSTRACT

A system and method for providing a continuous wave
(“CW”) ultrasonic drive signal and a B-mode ultrasonic drive
signal from an ultrasonic transmitter are disclosed herein. An
ultrasonic transmitter includes a first shunt transistor and a
second shunt transistor. The first shunt transistor shunts posi-
tive transmitter output voltage to ground. The second shunt
transistor shunts negative transmitter output voltage to
ground. The shunt transistors include control inputs that,
when modulated, cause the shunt transistors to produce a CW
ultrasonic drive signal on a transmitter output. The ultrasonic
transmitter also includes a first CW control transistor coupled
to the first shunt transistor, and a second CW control transistor
coupled to the second shunt transistor. The first and second
CW control transistors respectively provide negative and
positive CW drive voltage to the first and second shunt tran-
sistors.
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LOW POWER CONTINUOUS WAVE
ULTRASOUND TRANSMITTER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application contains subject matter that may be
related to U.S. patent application Ser. No. , entitled
“Ultrasound Transmitter” [attorney docket TI-66537 (1962-
54500)], U.S. patent application Ser. No. , entitled
“Ultrasound Transmitter” [attorney docket TI-66538 (1962-
54600)],and U.S. patent application Ser. No. , entitled
“Ultrasound Transmitter” [attorney docket TI-66539 (1962-
54700)].

BACKGROUND

[0002] Ultrasonic imaging has become a widely used tool
in medical applications. Ultrasound techniques introduce
high-frequency acoustic waves into a subject’s body. The
received echoes of those waves provide information allowing
a trained observer to view the subject’s internal organs.
[0003] Ultrasound medical diagnostic equipment can oper-
ate in a variety of modes. Continuous wave (“CW”) is one
such operational mode. In the CW operating mode, ultra-
sound energy is continuously generated and applied to a
subject. An intra-body flow (e.g., flow within a blood vessel)
introduces a Doppler shift in the reflected ultrasound energy.
By detecting the Doppler shift in the received signal fre-
quency, the velocity of the flow can be determined and the
subject’s cardiac health ascertained.

[0004] Another popular ultrasound operating mode is com-
monly referred to as “B-mode.” The term “B-mode” derives
from the assignment of display brightness value to each ultra-
sonic signal reflection in accordance with the amplitude of the
reflection. B-mode employs a high-amplitude, short duration
pulsed ultrasound signal to produce a two-dimensional image
of the subject’s internal organs. The B-mode signal enters the
body of the subject, is reflected off the various internal organs,
and finally, is detected by a receiver. The received signal is
collected and processed to form the image.

[0005] Users of ultrasound imaging systems demand both
power efficiency and reduced device size in modern ultra-
sound equipment. Thus, it is desirable to accommodate both
B-mode and CW-mode operation in an ultrasound imager that
reduces component count and power dissipation.

SUMMARY

[0006] Various systems and methods for implementing
both B-mode and continuous wave (“CW”’) mode ultrasonic
drivers in an ultrasound transmitter while reducing power
consumption and circuit area are disclosed herein. In accor-
dance with at least some embodiments, an ultrasound trans-
mitter includes a first shunt transistor and a second shunt
transistor. The first shunt transistor shunts positive transmitter
output voltage to ground. The second shunt transistor shunts
negative transmitter output voltage to ground. The shunt tran-
sistors include control inputs that, when modulated, cause the
shunt transistors to produce a CW ultrasonic drive signal on a
transmitter output.

[0007] In accordance with at least some other embodi-
ments, a method includes enabling a CW control transistor,
enabling a first CW drive transistor; disabling a second CW
drive transistor; and providing a CW drive signal to an acous-
tic transducer to generate a pressure wave.
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[0008] Inaccordance with yet other embodiments, an ultra-
sound imaging system includes an ultrasonic signal receiver
and an ultrasonic signal transmitter. The ultrasonic signal
transmitter includes means for generating a CW ultrasonic
drive signal from a transmitter shunt transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a detailed description of exemplary embodi-
ments of the invention, reference will now be made to the
accompanying drawings in which:

[0010] FIG. 1 shows a block diagram of an exemplary
ultrasound imaging system in accordance with various
embodiments;

[0011] FIG. 2 shows an exemplary ultrasound transmitter
that provides B-mode and CW-mode drive signals in accor-
dance with various embodiments;

[0012] FIG. 3 shows a diagram of various signals produced
when generating B-mode and CW-mode ultrasonic drive sig-
nals in accordance with various embodiments; and

[0013] FIG. 4 shows a flow diagram for a method for gen-
erating CW-mode and B-mode ultrasonic drive signals in
accordance with various embodiments.

Notation and Nomenclature

[0014] Certain terms are used throughout the following
description and claims to refer to particular system compo-
nents. As one skilled in the art will appreciate, companies may
refer to a component by different names. This document does
not intend to distinguish between components that differ in
name but not function. In the following discussion and in the
claims, the terms “including” and “comprising” are used in an
open-ended fashion, and thus should be interpreted to mean
“including, but not limited to . . . . ” Also, the term “couple”
or “couples” is intended to mean either an indirect or direct
electrical connection. Thus, if a first device couples to a
second device, that connection may be through a direct elec-
trical connection, or through an indirect electrical connection
via other devices and connections.

DETAILED DESCRIPTION

[0015] The following discussion is directed to various
embodiments of the invention. Although one or more of these
embodiments may be preferred, the embodiments disclosed
should not be interpreted, or otherwise used, as limiting the
scope of the disclosure, including the claims. In addition, one
skilled in the art will understand that the following descrip-
tion has broad application, and the discussion of any embodi-
ment is meant only to be exemplary of that embodiment, and
not intended to intimate that the scope of the disclosure,
including the claims, is limited to that embodiment.

[0016] As ultrasonic imaging devices become smaller and
more portable, it is desirable to reduce the power and com-
ponent area consumed by the various circuits within those
devices. Embodiments of the present disclosure employ ultra-
sonic signal transmitters featuring reduced circuit size and
power consumption while providing both continuous wave
(“CW”) and B-mode ultrasonic drive signals. These advan-
tages are achieved, at least in part by adapting the transmitter
shunt transistors to operate as CW-mode drivers.

[0017] FIG. 1 shows a block diagram of an exemplary
ultrasound imaging system 100 in accordance with various
embodiments. The terms “ultrasound” or “ultrasonic” gener-
ally refer to acoustic waves at frequencies beyond the range of
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human hearing (e.g., frequencies above 20 KHz). The system
100 comprises a transducer 102, a transmitter 104, a receiver
106, a signal processor 108, and a display 110. The transducer
102 converts the electrical drive signals generated by the
transmitter 104 into sound waves (i.e., pressure waves) that
are introduced into the subject to be imaged, for example, a
human body when considering medical ultrasound. The
transducer 102 can comprise a piezoelectric crystal, electro-
magnetic transducer, micro-electro-mechanical system
(“MEMS”) transducer or other device that converts an elec-
trical signal into sound waves. Moreover, the transducer 102
can comprise one or more transducer elements. The trans-
ducer 102 also detects ultrasonic waves reflected by internal
structures of the subject and converts the detected waves into
electrical signals. In some embodiments, the same transducer
elements are used to generate ultrasonic waves and to detect
ultrasonic waves. In other embodiments, separate transducer
elements are used for wave generation and detection.

[0018] Thetransmitter 104 is coupled to the transducer 102.
The transmitter 104 produces an oscillating electrical signal
at a frequency and amplitude suitable for imaging desired
structures internal to the subject. For example, transmitter
output signals for use in imaging the internal organs of a
human body may range from 1 to 20 megahertz with lower
frequencies providing lower resolution and greater imaging
depth. The transmitter 104, while not limited to any particular
signal amplitudes, may provide, for example, a drive signal
amplitude in the range of +75 volts for B-mode sonography
and a drive signal in the range of =5 volts for CW sonography.
The transmitter 104 employed in embodiments of the present
disclosure advantageously uses transmitter circuitry that
merges the CW drive and output shunt components, as
described herein, to reduce the size and power consumption
of the transmitter 104.

[0019] The receiver 106 is coupled to the transducer 102.
As explained above, the transducer 102 detects ultrasonic
waves reflected by subject internal structures. The transducer
102 converts the detected waves into electrical signals. The
electrical signals are provided to the receiver 106. The
receiver 106 performs initial processing of the received sig-
nals. Processing performed by the receiver 106 can comprise,
for example, amplifying, filtering, digitizing, etc.

[0020] The signal processor 108 is coupled to the receiver
106. The signal processor 108 may, for example, provide
further filtering of received signals, detect signal reflections,
and prepare output signals for display on the display 110. The
signal processor 108 may comprise, for example, a digital
signal processor or other microprocessor or microcomputer
and associated software programming along with attendant
memory and interface devices, or dedicated hardware cir-
cuitry adapted to perform the processing functions. The dis-
play 110 may be a liquid crystal display, a cathode ray display,
or any other suitable display device.

[0021] FIG. 2 shows exemplary ultrasound transmitter cir-
cuitry 200 that provides B-mode ultrasonic drive signals and
CW-mode ultrasonic drive signals while reducing the size and
power consumption of the transmitter 104 in accordance with
various embodiments. The transmitter 200 includes a B-mode
driver and a CW-mode driver. The B-mode driver comprises
transistors Q1 202 and Q2 204 and associated transistor driv-
ers 208, 210. The CW-mode driver comprises transistors Q3
212, Q4 214, Q5 216, Q6 218, transistor drivers 220, 222, and
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diodes D1 230, D2 226, D3 224, and D4 228. Both the
B-mode driver and the CW-mode driver are coupled to the
transmitter output 206.

[0022] When the transmitter circuit 200 is configured for
B-mode operation, transistors Q1 202 and Q2 204 are used to
a high voltage signal on output 206. Transistor Q1 202 is
turned on and transistor Q2 204 is turned off, to allow devel-
opment of voltage +HV (e.g., 75 volts) on the output 206.
Note that the voltage developed on output 206 may be less
than +HV due to various circuit voltage drops. Driver 208
holds transistor Q1 202 on for a predetermined duration to
produce one-half cycle of a B-mode pulse. At the expiration
ofthe half-cycle time duration, transistor Q1 202 is turned off,
and transistor Q2 204 is turned on allowing development of
-HV (e.g., =75 volts) on the output 206. As described above,
the voltage developed on the output 238 is conditioned on
circuit voltage drops. Driver 210 holds transistor Q2 204 on
for a predetermined duration to produce one-half cycle of a
B-mode pulse. Thus, some embodiments generate a desired
number of B-mode cycles by alternately turning the transis-
tors Q1 202 and Q2 204 on and off. Some embodiments
activate transistors Q4 214 and Q5 216 following completion
of each half-cycle (while both Q1 202 and Q2 204 are off) to
clamp the output 206 to ground between half-cycles. Some
embodiments generate pulses of one polarity by repetitively
enabling and disabling only one of Q1 202 and Q2 204 with
clamping (at least one of Q4 214 and Q5 216 turned on)
during the disabled intervals. When a desired number of
cycles have been generated, both transistors Q1 202 and Q2
204 are turned off, and a portion of the CW-mode driver,
specifically transistors Q4 214 and Q5 216, can be activated to
clamp the output 206 to ground. Transistors Q3 212 and Q6
218, the CW control transistors, preferably remain off during
both B-mode operation, and clamping as described above.

[0023] Transistors Q1 202 and Q2 204 may preferably fea-
ture a low on resistance to effectively drive the transducer
102. For example, the load resistance seen by transistors Q1
202 and Q2 204 may be in the 100 ohm range, and the load
may be shunted with as much as 300 pico-farads of capaci-
tance. Accordingly, the on resistance of transistors Q1 202
and Q2 204 may preferably be in the range of 8 ohms. Tran-
sistors Q4 214 and Q5 216 preferably need not be as large
(i.e., have as low an on resistance) as transistors Q1 202 and
Q2 204 in order to discharge the capacitance of the output
206. Moreover, the input capacitance of transistors Q1 202
and Q2 204 may be higher than the input capacitance of
transistors Q4 214 and Q5 216. Consequently, the drive cur-
rent required of drivers 208, 210 may be higher than the drive
current required of drivers 220, 222.

[0024] When the transmitter circuit 200 is configured for
CW-mode operation, the B-mode drive transistors Q1 202
and Q2 204 are turned off. Activating the CW control tran-
sistor Q6 218 allows development of voltage +CW on the
circuit node connecting Q6 218 and Q5 216. Activating the
CW control transistor Q3 212 allows development of voltage
-CW on the circuit node connecting Q3 212 and Q4 214.
Voltages +CW are preferably lower than voltages +HV, for
example, *CW may be +5 volts respectively. To produce a
first half-cycle of a CW-mode drive signal on the output 206,
CW drive transistor Q4 214 and CW CNTRL transistor Q3
212 are turned on while transistors Q5 216 and Q6 218 are
turned off. To produce a second half-cycle of a CW-mode
drive signal on the output 206, CW drive transistor Q5 216
and CW CNTRL transistor Q6 218 are turned on while tran-
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sistors Q3 212 and Q4 214 are turned off. Thus, CW drive
transistors Q4 214 and Q5 216 and corresponding CW
CNTRL transistors Q3 212 and Q6 218 are alternately turned
on and off for a predetermined time period as required to
generate a square wave of the desired frequency on the output
206. Embodiments may generate the square wave continu-
ously while CW-mode is enabled. Thus, CW drive transistors
Q4 214 and Q5 216 are preferably employed both to generate
a CW-mode ultrasonic drive signal on the output 206 and to
shunt the output 206 to ground when no drive signal is being
generated, for example, between B-mode pulses. Accord-
ingly, embodiments of transmitter 104 preferably reduce the
circuit area and the power dissipation of the transmitter by
including an embodiment of the above described transmitter
driver circuit 200 to provide both B-Mode and CW-mode
drive signals.

[0025] An alternative embodiment of a transmitter drive
circuit that uses the B-Mode drive transistors Q1 202 and Q2
204 with a variable +HV power supply to produce the CW-
mode output results in increased power consumption due to
the large currents required from drivers 208, 210 to continu-
ously drive the transistors Q1 202 and Q2 204. Moreover,
depending on the change rate of the +HV supply voltage from
high to low voltage or vice verse the circuit can be subject to
damaging electrical stress. Embodiments of the present dis-
closure, such as transmitter driver 200, advantageously avoid
these shortcomings.

[0026] FIG. 3 shows an illustrative diagram of various sig-
nals produced when generating B-mode and CW-mode ultra-
sonic drive signals in accordance with various embodiments.
The illustrative diagram begins, in period 302, with the trans-
mitter driver 200 in shunt mode where the output 206 is
clamped to ground through diodes D1 230, D2 226, D3 224,
and D4 228 and transistors Q4 214 and Q5 216. Thus, signals
T3 and T4 are asserted to enable transistors Q4 214 and Q5
216, and signals T1, T2,and CW CNTRL1 and CW CNTRL2
are negated to disable the associated drive transistors, Q1 202,
Q2 204, and CW CNTRL transistors Q3 212 and Q6 218.
[0027] A B-mode pulse is generated in time period 304. To
produce a B-mode pulse on output 206, the shunt transistors
(i.e. CW drive transistors) Q4 214 and Q5 216 are turned off
by negating T3 and T4 as illustrated. The CW control tran-
sistors Q3 212 and Q6 218 are disabled via CW CNTRLI1 and
CW CNTRL2 respectively. T1 is asserted to turn on drive
transistor Q1 202 and generate a first polarity of B-mode
pulse, while T2 is negated to turn off drive transistor Q2 204.
Thereafter, T2 is asserted to turn on drive transistor Q2 204
and generate a second polarity of B-mode pulse, while T1 is
negated to turn off drive transistor Q1 202. When the B-mode
pulse is complete both of transistors Q1 202 and Q2 204 are
turned off and, the shunt mode is re-engaged, in time period
306, as described above to bring the output 206 to ground. As
a matter of simplification, a single B-mode pulse is illus-
trated, but embodiments may generate any number of pulses
in period 304. In some embodiments, the timing of activation
and deactivation of transistors Q1 202 and Q3 204 may be the
reverse of that described above. Moreover, some embodi-
ments may assert T3 and/or T4 between assertions of T1 and
T2 to bring the output 206 to ground.

[0028] A CW-mode drive signal is illustrated in time period
308. To produce the CW-mode signal on output 206, the
B-Mode drive transistors Q1 202 and Q2 204 are turned off by
negating T1 and T2 as illustrated. In FIG. 3, T1 and T2 are
already negated at the start of period 308, so they remain
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negated to maintain deactivation of Q1 202 and Q2 204. A
first half-cycle of a CW-mode drive signal is produced by
asserting CW CNTRL1 and T3 to activate CW CNTRL tran-
sistor Q3 212 and CW drive transistor Q4 214 respectively.
Moreover, CW CNTRL2 and T4 are negated to deactivate
CW CNTRL transistor Q6 218 and CW drive transistor Q5
216.

[0029] A second half-cycle of a CW-mode drive signal is
produced by asserting CW CNTRL2 and T4 to activate CW
CNTRL transistor Q6 218 and CW drive transistor Q5 216
respectively. CW CNTRL1 and T3 are negated to deactivate
CW CNTRL transistor Q3 212 and CW drive transistor Q4
214 during the second half-cycle. First and second half-cycles
are alternately generated in repetitive fashion to produce as
many cycles of the CW drive signal on output 206 as are
desired.

[0030] FIG. 4 shows a flow diagram for a method for gen-
erating a B-mode ultrasonic drive signal and a CW-mode
ultrasonic drive signal in accordance with various embodi-
ments. Though depicted sequentially as a matter of conve-
nience, at least some of the actions shown can be performed in
a different order and/or performed in parallel. Additionally,
some embodiments may perform only some of the actions
shown. In block 402, the transmitter 200 is producing no
ultrasonic drive signal, and consequently the shunt mode is
enabled. The shunt transistors (i.e., the CW drive transistors),
Q4 214 and QS5 216 are turned on, the B-mode drive transis-
tors Q1 202 and Q2 204 are turned off, and the CW-mode
control transistors Q3 212 and Q6 218 are turned off.

[0031] If a CW-mode ultrasonic drive signal is to be pro-
duced, as determined in block 404, then, in block 408, the CW
drive circuits are configured to drive a negative half-cycle of
the CW drive waveform onto output 206. The first CW
CNTRL transistor Q3 212 is turned on allowing current to
flow to the CW drive transistor Q4 214. The CW drive tran-
sistor Q4 214 is turned on to drive -CW voltage onto output
206, and the second CW CNTRL transistor Q6 218 and the
second CW drive transistor Q5 216 are turned off.

[0032] Inblock 412, the CW drive circuits are configured to
drive a positive half-cycle of the CW drive waveform onto
output 206. The second CW CNTRL transistor Q6 218 is
turned on allowing current to flow to the CW drive transistor
Q5 216. The CW drive transistor Q5 216 is turned on to drive
+CW voltage onto output 206, and the first CW CNTRL
transistor Q3 212 and the second CW drive transistor Q4 214
are turned off.

[0033] Blocks 408 and 412 are repeated to generate a con-
tinuous CW drive signal until CW-mode signal generation is
disabled in block 414. Thus, the frequency of the CW-mode
drive signal is determined by the rate at which the CW drive
transistors Q4 214 and Q5 216, and corresponding CW
CNTRL transistors Q3 212 and Q6 218 are enabled and
disabled. When CW-mode signal generation is discontinued,
in block 414, the transmitter 200 enters the shunt mode in
block 402.

[0034] If a B-mode ultrasonic drive signal is to be pro-
duced, as determined in block 406, then the shunt transistors
(i.e., the CW drive transistors) Q4 214 and Q5 216 are turned
off in block 416. In block 418, a first polarity of a B-mode
drive pulse is generated by turning on B-mode drive transistor
Q1 202 and turning off B-mode drive transistor Q2 204. A
second polarity ofa B-mode drive pulse is generated, in block
420, by turning on B-mode drive transistor Q2 204 and turn-
ing off B-mode drive transistor Q1 202. Some embodiments
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generate a desired number of B-mode pulses by repeating
blocks 418-420. When the B-mode pulse is complete,
B-mode drive transistors Q1 202, Q2 204 are turned off, and
the shunt transistors (i.e., the CW drive transistors) Q4 214
and Q5 216 are turned on, in block 422, to pull the output 206
to ground. In some embodiments, the shunt transistors, Q4
214 and Q5 216, are enabled for a time interval between
generation of the first and second polarities (i.e., blocks 422
and 416 are inserted between blocks 418 and 420). Some
embodiments generate a desired number of B-mode pulses of
one polarity by iterating blocks 416-422 and performing the
operations of only one of blocks 418 and 420. If B-mode drive
is to be discontinued, in block 424, then the transmitter 200
enters the shunt mode in block 402. Otherwise, after a prede-
termined time delay expires, in block 426, B-mode drive
signal generation continues in block 416.

[0035] The above discussion is meant to be illustrative of
the principles and various embodiments of the present inven-
tion. Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure
is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.

What is claimed is:

1. An ultrasound transmitter, comprising:

a first shunt transistor that shunts positive transmitter out-

put voltage to ground; and

a second shunt transistor that shunts negative transmitter

output voltage to ground;

the shunt transistors comprise control inputs that, when

modulated, cause the shunt transistors to produce a con-
tinuous wave (“CW?”) ultrasonic drive signal on a trans-
mitter output.

2. The ultrasound transmitter of claim 1, further compris-
ing:

a first CW control transistor coupled to the first shunt

transistor; and

asecond CW control transistor coupled to the second shunt

transistor;

wherein the first and second CW control transistors respec-

tively provide negative and positive CW drive voltage to
the first and second shunt transistors.

3. The ultrasound transmitter of claim 2, further compris-
ing:

a pair of B-mode drive transistors that generates a B-mode

ultrasonic drive pulse;

wherein both B-mode driver transistors are disabled to

allow generation of a CW-mode ultrasonic drive signal.

4. The ultrasound transmitter of claim 2, further compris-
ing:

a first rectifying device coupled from the first shunt tran-

sistor and the first CW control transistor to ground; and

a second rectifying device coupled from the second shunt

transistor and the second CW control transistor to
ground.

5. The ultrasound transmitter of claim 2, wherein the CW
control transistors and the shunt transistors are disabled to
allow generation of a B-mode ultrasonic drive signal.

6. The ultrasound transmitter of claim 2, further compris-
ing:

negative and positive high-voltage (“HV”") power supplies

respectively coupled to first and second B-mode driver
transistors; and
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negative and positive CW power supplies respectively
coupled to the first and second CW control transistors;

wherein the CW power supply output voltages are lower
that the HV power supply output voltages.

7. The ultrasound transmitter of claim 2, wherein the first
shunt transistor and the second shunt transistor are alternately
enabled to generate the CW ultrasonic drive signal.

8. A method, comprising:

enabling a continuous wave (“CW”) control transistor;

enabling a first CW drive transistor;

disabling a second CW drive transistor; and

providing a CW drive signal to an acoustic transducer.

9. The method of claim 8, further comprising:

disabling the first CW drive transistor; and

enabling the second CW drive transistor.

10. The method of claim 8, further comprising enabling a
CW output drive signal, at least in part, by disabling a B-mode
drive transistor.

11. The method of claim 8, further comprising enabling a
B-mode output drive signal, at least in part, by disabling the
first and second CW drive transistors and the CW control
transistor.

12. The method of claim 8, further comprising:

disabling ultrasonic output by:

enabling the first and second CW drive transistors;
disabling the CW control transistor; and
disabling a B-mode drive transistor.

13. The method of claim 12, further comprising shunting
voltage on an ultrasonic transmitter output to ground through
the CW drive transistors.

14. An ultrasound imaging system, comprising:

an ultrasonic signal receiver; and

an ultrasonic signal transmitter, comprising:

means for generating a continuous wave (“CW”) ultra-
sonic drive signal through a transmitter shunt transis-
tor.

15. The ultrasound imaging system of claim 14, further
comprising means for providing a CW power supply voltage
to the transmitter shunt transistor.

16. The ultrasound imaging system of claim 14, further
comprising means for protecting a CW control transistor
from an ultrasonic drive voltage generated by a B-mode drive
circuit.

17. The ultrasound imaging system of claim 14, wherein all
B-mode drive circuits are disabled during generation of the
CW ultrasonic drive signal.

18. The ultrasound imaging system of claim 14, wherein all
CW-mode drive circuits are disabled during generation of a
B-mode drive pulse.

19. The ultrasound imaging system of claim 14, wherein
the means for generating an ultrasonic signal alternately
enables each transistor of a pair of transmitter output shunt
transistors.

20. The ultrasound imaging system of claim 14, wherein a
means for providing a B-mode power supply voltage to a
B-mode ultrasonic driver is separate from the means for pro-
viding a CW power supply voltage to the transmitter shunt
transistor.
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