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(57) Abstract: A circuit and method for controlling a switch is provided. Specifically, the circuit and method of the present inven-
tion provide a level shifter that controls a dynamic, bi-directional high voltage analog switch. The level shifter generally includes
transistors, input terminals, a voltage source, a high negative voltage source, and a diode. The configuration of the level shifter, inter
alia, allows the switch to be kept ON without a current/signal, prevents dissipation of transistors of the level shifter, and provides
constant gate-to-source voltage on the switch transistors for improved linearity. The circuit is advantageously used in a scanhead
connected to an ultrasound examination apparatus.
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Circuit and method for controlling a dynamic, bi-directional high voltage analog switch and

ultrasound examination apparatus equipped with such a circuit

Background of the Invention
Technical Field

The present invention generally relates to a circuit and method for controlling
a switch. In particular, the present invention relates to a level shifter for controlling a
dynamic, bi-directional high voltage analog switch. The present invention also relates to a
scanhead equipped with such a circuit and switch, and connected to an ultrasound

examination apparatus.

Background Art

In the field of ultrasound imaging applications, s‘witches are often utilized in
the scanhead to reduce the number of co-axial cables. In order for the switches and the
underlying electronic devices to have optimal performance, various factors must be
considered. For example, it is important for the gate-to-source voltage of each switch
transistor to be constant in order for the switch to have high linearity during conduction. This
ensures a minimum of signal distortion that would be detrimental to the image quality.

Heretofore many have attempted to implement various systems for controlling
a switch. Two such examples are illustrated in U.S. Patent No. 4,500,802 to Janutka and U.S.
Patent No. 4,595,847 to Weir. However, no existing switch system is dynamic and allows
zero DC bias current independent of switch state (i.e., ON or OFF).

Specifically, none of the existing technologies allow the switch to be kept on
by the charge on the gates of the switch transistors (i.e., a current is not required to keep the
switch on, only to turn it on initially) while preventing the voltage in the switch from
dissipating.

In addition, as electronic devices continue to shrink in size, the need to
produce smaller electrical components grows. However, no existing product provides a
switch that can reach high voltages (e.g., 200 Volts) while occupying smaller amounts (e.g.,
50%) of silicon area. Furthermore, no existing product can provide a switch that can reach
500 Volts in a configuration suited for ultrasound electronics. Still yet, none of the existing

technologies provide a system for controlling operation of the switch that requires lower
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voltage positive power supplies (e.g., 5 Volts and/or 12 Volts). In contrast, the existing
control systems typically require voltages commensurate with that passing through the switch
(e.g., + 100 Volts).

In view of the forgoing, there exists a need for a switching circuit and method whereby:

1). the switch can reach higher voltages (e.g., 500 Volts) while occupying a
silicon area suitable for ultrasound applications; and

2). the switch can reach available voltages (e.g., 200 Volts) while occupying
less area (e.g. 50%) of silicon.

Moreover, there exists a need for a circuit and method that is dynamic and
allows zero DC bias current independent of whether the switch is ON or OFF. This will allow
the switch to remain ON by the charge on the gates of the switch transistors and will prevent
power dissipation from the transistors once charged.

A further need exists for a circuit and method that allows the gate-to-source voltage
on the switch transistors to remain constant so that any non-linearities of the switch are

reduced.

Summary of the Invention

The present invention overcomes the drawbacks of existing systems by
providing a circuit and method for controlling a dynamic, bi-directional high voltage analog
switch. In particular, the circuit and method of the present invention include the switch and a
level shifter for controlling the switch. The level shifter generally includes a voltage source, a
high negative voltage source, input terminals, transistors, and a diode. Collectively the circuit
and method provide, among other things: (1) a dynamic circuit that allows zero DC bias
current independent of switch state; (2) a constant gate-to-source voltage; (3) increased
switch voltages while reducing silicon surface area occupied; and (4) lower voltage power
supplies for driving the circuit.

According to a first aspect of the present invention, a circuit for controlling a
switch is provided. The circuit comprises: (1) a level shifter, wherein the level shifter
includes: (a) a first level transistor coupled to a switch line; (b) a diode positioned between
the first level transistor and the switch line; (c) a second level transistor coupled to a current
mirror, wherein the current mirror is coupled to the switch line; and (2) a switch coupled to
the switch line, wherein the level shifter controls the switch.

According to a second aspect of the present invention, a circuit for controlling

a dynamic, bi-directional high voltage analog switch is provided. The circuit comprises: (1) a
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level shifter including: (a) a first level transistor coupled to a switch line; (b) a first input
terminal coupled to the first level transistor; (c) a diode coupled between the first level
transistor and the switch line; (d) a second level transistor coupled to a current mirror,
wherein the current mirror is coupled to the switch line; (e) a second input terminal coupled
to the second level transistor; and (2) a dynamic, bi-directional high voltage analog switch
including: (a) a first switch transistor; (b) a switch input terminal coupled to the first switch
transistor; (c) a second switch transistor coupled to the first switch transistor; (d) a switch
output terminal coupled to the second switch transistor; and (e) a Zener diode coupled
between the first and second switch transistors.

According to a third aspect of the present invention, a method for controlling a
bi-directional switch having a Zener diode and a plurality of switch transistors with a level
shifter is provided. The method comprises the steps of: (1) setting a first input terminal of the
level shifter to approximately 0 Volts, wherein the first input terminal is coupled to a first
level transistor; (2) setting a second input terminal of the level shifter to approximately 12
Volts, wherein the second input terminal is coupled to a second level transistor; (3) passing a
control signal from a voltage source through the first level transistor and a diode of the level
shifter to the bi-directional switch; (4) charging the Zener diode and the switch transistors
with the control signal; (5) passing a switch signal from a switch input to a switch output
when the Zener diode exceeds a threshold voltage of the switch transistors; and (6) ceasing
the control signal when a gate potential of the switch transistors reaches a predetermined
potential.

Therefore, the present invention provides a circuit and method for controlling
a dynamic, bi-directional high voltage analog switch. The present invention reduces the
problems associated with existing systems set forth above.

The circuit of the present invention is advantageously applied to control a

switch in a scanhead connected to an ultrasound examination apparatus.

Brief Description of the Drawings

These and other features and advantages of this invention will be more readily
understood from the following detailed description of the various aspects of the invention
taken in conjunction with the accompanying drawings in which:

Fig. 1 depicts a circuit according to the present invention.

Fig. 2 depicts a graph of simulation results when the switch of the present

invention is ON.
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Fig. 3 depicts a graph of simulation results when the switch of the present
invention is OFF.

Fig. 4 depicts a graph of oscilloscope traces when the switch of the present
invention is ON.

Fig. 5 depicts a graph of oscilloscope traces when the switch of the present
invention is OFF.

Fig. 6 depicts a method flow chart in accordance with the present invention.

It is noted that the drawings of the invention are not necessarily to scale. The
drawings are merely schematic representations, not intended to portray specific parameters of
the invention. The drawings are intended to depict only typical embodiments of the
invention, and therefore should not be considered as limiting the scope of the invention. In

the drawings, like numbering represents like elements.

Detailed Description of the Drawings
For clarity purposes, the description will have the following sections:
1. Circuit Configuration
IL Circuit Operation
III. Experimental Results

IV. Ultrasound Examination Apparatus.

I. Circuit Configuration

Referring now to Fig. 1, a circuit 10 having a level shifter 12 and a switch 14
connected by switch line 36 is depicted. Level shifter 12 preferably includes level transistors
16, 18, 20, and 22, diode 24, input terminals 26, and 28, Zener diode 30, voltage source 32,
and high negative voltage source 34. Collectively, transistors 20, 22 and Zener diode 30
comprise a current mirror 23 that is coupled to switch line 36 (as will be described in further
detail below). Level transistors 16 and 18 are preferably PDMOS lateral high voltage
transistors, level transistor 20 is preferably a NDMOS lateral high voltage transistor, and
level transistor 22 is preferably a low voltage NDMOS transistor. Diode 24 is a high voltage
diode. Zener diode 30 is a protection device to keep the ground-to-source and drain-to-source
voltages of transistor 22 below 14 Volts and preferably has a Zener potential/voltage of
approximately 12 Volts. Input terminal 28 is designated as an ON terminal and controls the
flow of a control signal (i.e., a current) from voltage source 32 through transistor 18 and

diode 24. Similarly, input terminal OFF 26 controls the flow of the control signal from
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voltage source 32 through transistors 16, and 22 and the flow of a signal from high negative
voltage source 34 through transistor 20. High negative voltage source 34 provides the
maximum negative voltages that switch 14 lets through during operation. Under the teachings
of the present embodiment, this voltage can be as low as —250 Volts. Diode 24 ensures the
control signal will flow from transistor 18 to switch 14 and not vice versa. This prevents the
dissipation of power from switch 14, as will be further described below. The configuration of
the circuit 10 permits voltage source 32 to be a low voltage (e.g., 12 Volt) power source. In
previous systems, the voltage source 32 used to control switch 14 was required to be
substantially higher than 12 Volts. Such a requirement adds expense to the circuit.

Switch 14 is preferably a dynamic, bi-directional high voltage analog switch
that includes switch transistors 38 and 40 (preferably coupled source-to-source), and Zener
diode 42. Switch transistors 38 and 40 are preferably NDMOS lateral high voltage transistors
and Zener diode 42 preferably has a Zener potential/voltage of approximately 12 Volts.
Switch 14 is dynamic because it does not require a current (i.e., a signal flow) to be kept ON,
rather a current is required only to turn the switch 14 ON initially. Moreover, since switch 14
is bi-directional, a signal through switch 14 can flow either from switch terminal A 44 to
switch terminal B 46 or vice versa. Accordingly, either switch terminal 44 or 46 can be the
input terminal or the output terminal. In addition, switch 14 is considered high voltage
because it can pass voltages of approximately +250 Volts to —250 Volts. It should be
understood that although switch 14 and level shifter 12 are shown with specific components,
other variations might exist. For example, switch 14 could include additional switch
transistors. Moreover, it should be appreciated that although switch 14 is preferably a
dynamic, bi-directional high voltage analog switch, other types of switches could be
controlled according to the teachings of the present invention. For example, switch 14 might

not be dynamic, high voltage and/or bi-directional.

II. Circuit Operation

The above-described circuit 10 will function in the following manner. To
place the switch in a low impedance mode (i.e., ON), the input terminal ON 28 is set to 0
Volts while the input terminal OFF 26 is set to 12 Volts. A control signal (i.e., a current) will
pass from voltage source 32, through level transistor 18 and diode 24, pass into switch 14
through switch line 36, and begin to “charge” the parasitic capacitances (i.e., gates 37 and 41)
of switch transistors 38 and 40 as well as Zener diode 42. As this is occurring, the setting of

OFF input terminal 26 to 12 Volts prevents the control signal from flowing from voltage
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source 32 through level transistors 16, 20, and 22. Moreover, the voltage at gate 21 of level
transistor 20 is set to its threshold voltage (e.g., Vt = 2.5 Volis).

Once Zener diode 42 potential exceeds the threshold voltage (e.g., Vt = 2.5
Volts) of switch transistors 38 and 40, the signal from switch input terminal A 44 is allowed
to flow through switch transistors 38 and 40 to switch output terminal B 46 (or vice versa
since switch 14 is bi-directional). Thus, the sources 39 and 43 of switch transistors 38 and 40,
as well as switch output terminal B 46 will rise to the potential at switch input terminal A 44.
When sources 39 and 43 have reached the potential at switch input terminal A 44, the current
through level transistor 18 and diode 24 will charge the Zener diode 42 and the gates 37 and
41 of switch transistors 38 and 40 to approximately 12 Volts (e.g., the Zener potential). Once
the gates 37 and 41 have reached this voltage, the drain-to-source potential of level transistor
18 is equal to 0 Volts and the control signal will stop flowing there through. Accordingly, no
current is flowing anywhere in circuit 10, thereby reducing power consumption to 0. At this
point, switch 14 is in low impedance mode and no further current is required to maintain this
mode.

If a positive voltage switch signal is then applied to switch input terminal A
44, sources 39 and 43, gates 37 and 41, as well as switch output terminal B 46 will follow
switch input terminal A 44. Specifically, the switch signal from switch input terminal A 44
would flow through switch transistors 38 and 40 to switch output terminal B 46. Moreover,
since diode 24 is reverse biased, the parasitic gate capacitances of switch transistors 39 and
43 will keep their charge (i.e. 12 Volts), so that linearity is maintained (i.e. switch 14 is
dynamic). The maximum positive voltage that can be applied to switch input terminal A 44 is
equal to the maximum voltage that diode 24 can sustain.

If a negative voltage switch signal is applied to switch input terminal A 44,
sources 39 and 43, gates 37 and 41, as well as switch output terminal B 46 will similarly
follow switch input terminal A 44. However, in this case, the control signal will flow from
voltage source 32 through level transistor 18, diode 24, and Zener diode 42. Zener diode 42
will keep the gate-to-source potential of switch transistors 38 and 40 at the Zener potential
(i.e., approximately 12 Volts). Thus, similar to when a positive voltage is applied to switch
input terminal A 44, the gate-to-source potential of switch transistors 38 and 40 remains
constant (i.e., at 12 Volts in this case). Any current in the circuit 10 can then flow out through
either switch terminal A 44 or switch terminal B 46.

To place switch 14 in high impedance mode (i.e., OFF), input terminal ON 28
is set to 12 Volts and input terminal OFF 26 is set to 0 Volts. Then, a control signal will flow
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from voltage source 32 and through level transistors 16 and 22. Since gate 21 of level
transistor 20 is coupled to level transistor 22, a high negative voltage will pass from high
negative voltage source 34 through level transistor 20 and switch line 36 to switch 14.
However, since input terminal ON 28 is set to 12 Volts, no signal will flow there through.
The high negative voltage through level transistor 20 will discharge the parasitic gate
capacitances of switch transistors 38 and 40. When the gate-to-source potential of switch
transistors 38 and 40 is equal to the threshold voltage (e.g., Vt = 2.5 Volts) of switch
transistors 38 and 40, switch 14 is in high impedance mode (i.e., OFF). The high negative
voltage will continue to discharge the parasitic capacitances of switch transistors 38 and 40
through level transistor 20 and Zener diode 42. When the potential at sources 39 and 43 and
gates 37 and 41 reaches the high negative voltage (Vnn) of approximately —250 Volts, the
control signal will stop flowing through level transistor 20. In this mode, switch 14 can block
signals at switch terminals A 44 and B 46. To this end, the maximum positive voltage that
can be applied to switch terminals A 44 or B 46 depends on the maximum drain-to-source
that voltage switch transistors 38 and 40 can sustain. Conversely, the minimum voltage that
can be applied to switch terminals A 44 or B 46 is equal to Vnn (-250 Volts).

In the case where switch 14 is in high impedance mode and a voltage less than
approximately 1 Volt peak appears at switch terminal A 44 or B 46, which is typical in
ultrasound applications during receiving, both input terminal OFF 26 and input terminal ON
28 can be set to 12 Volts. At this point, the control signal will stop flowing through level
transistors 16 and 22 and the gate potential of level transistor 20 will drop, thus, placing level
transistor 20 in high impedance. Since there is now no path to discharge the parasitic
capacitances of switch transistors 38 and 40, they will remain in high impedance mode.
Moreover, since there is no signal flowing (i.e., current) anywhere in the circuit 10, power
consumption is reduced to 0.

As indicated above, it should be understood that although switch terminals A
44 and B 46 have been described as the input and output, respectively, the terminals could be
reversed. Specifically, switch terminal B 46 could be the input while switch terminal A 44
could be the output. Moreover, the control signals passed through level shifter 12 are
approximately 12 Volts. However, it should be understood that other voltages could be

utilized depending on the size of level transistors 16 and 18.

III. Experimental Results
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Referring now to Fig. 2, a graph 50 of simulation results with the switch ON is
depicted. In particular, graph 50 depicts two plots 60 and 70 of transient response in terms of
voltage versus time in microseconds. Plot 60 depicts the transient response at the switch input
terminal of circuit, while plot 70 shows transient response at the switch output terminal. As
can be seen, when the switch of the present invention is ON, the transient response at the
switch input terminal is approximately the same as the transient response of the switch output
terminal. This linearity is provided by the constant gate-to-source voltage of the switch
transistors and was lacking in previous systems.

Fig. 3 shows a graph 80 of simulation results with the switch OFF. Similar to
above, graph 80 comprises two plots 90 and 100 showing the transient response of circuit in
terms of voltage versus time. Plot 90 depicts the transient response at the switch input
terminal while plot 100 depicts the transient response at the switch output terminal. As
shown, when the switch is OFF, the high impedance mode described above prevents the
switch signal from passing from the input to the output terminal of the switch.

Fig. 4 depicts a graph 110 of oscilloscope traces when the switch is ON.
Similar to the above graphs, graph 110 depicts two plots 120 and 130 in terms of voltage

versus time. Plot 120 depicts the voltage at the input terminal of the switch, while plot 130

depicts the voltage at the output terminal of the switch. Due to the configuration of the circuit
of the present invention (i.e., the level shifter and its control over the switch), the scope trace
at the switch input terminal and the switch output terminal are nearly identical.

Referring to Fig. 5, it can be seen that this is not the case when the switch is
OFF. Specifically, Fig. 5 shows a graph 140 of oscilloscope traces when the switch is OFF.
In observing the two plots 150 and 160, it can be seen that the voltage at the switch output
terminal 160 is relatively flat compared to the voltage at the switch input terminal 150, which
indicates that the high impedance mode of the switch blocks the switch signal. This is desired
when the switch is OFF as shown in Fig. 5.

Referring now to Fig. 6, a flow chart of a method 200 is shown. First step 202
of method is to set a first input terminal of the level shifter to approximately 0 volts, wherein
the first input terminal is coupled to a first level transistor. Second step 204 is to set a second
input terminal of the level shifter to approximately 12 volts, wherein the second input
terminal is coupled to a second level transistor. Third step 206 of method 200 is to pass a
control signal from a voltage source through the first level transistor and a diode of the level
shifter to the bi-directional switch. Fourth step 208 is to charge the Zener diode and the

switch transistors with the control signal. Fifth step 210 is to pass a switch signal from a
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switch input to a switch output when the Zener diode exceeds a threshold voltage of the
switch transistors. Sixth step 212 of method 200 is to cease the control signal when a gate
potential of the switch transistors reaches a predetermined potential.

'The foregoing description of the preferred embodiments of this invention has
been presented for purposes of illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise form disclosed, and obviously, many modifications and
variations are possible. Such modifications and variations that may be apparent to a person
skilled in the art are intended to be included within the scope of this invention as defined by

the accompanying claims.

IV. Ultrasound Examination Apparatus

Ultrasonic diagnostic imaging systems are capable of imaging and measuring
the physiology within the body in a completely noninvasive manner. Ultrasonic waves are
transmitted into the body from the surface of the skin and are reflected from tissue and cells
within the body. The reflected echoes are received by the ultrasonic transducer of a scanhead
and processed to produce an image of the tissue or measurement of blood flow. Diagnosis is
thereby possible with no intervention into the body of the patient. The scanhead is equipped
with a dynamic, bi-directional high voltage analog switch. This switch is advantageously
controlled by the above described circuit.

The circuit of the invention is most appropriate to control a dynamic, high
voltage analog switch such as the one that is necessary in the scanhead of the ultrasound
examination apparatus. Since, during the ultrasound examination procedure, the emission
phase requires a high voltage, while the receiving phase deals with very low signals yielded
by the small vibrations of the echoes, to be applied to a very sensitive amplifier, a controlled
switch is necessary for switching from the emission phase to the reception phase. The circuit
of the invention is advantageously used for switching from actuation of the emitting
transducer elements to actuation of the receiving transducer elements. The circuit of the
invention also ensures the gate-to-source voltage of each switch transistor to be constant in
order for the switch to have high linearity during conduction. This yields minimization of
signal distortion, which improves the image quality of the ultrasound apparatus. This circuit
also permits of minimizing the space occupied by the electrical components, for minimizing
the size of the scanhead. The circuit of the invention also permits of further minimizing the
size of the scanhead by minimizing the space occupied by the cables in the scanhead. The

number of receiving channels may be much less than the number of the transducer elements.
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By using a number of cables equal to the number of receiving channels, the number of cables
is minimized.
The present invention also provides an ultrasound examination apparatus

having a scanhead equipped with a dynamic, high voltage analog switch controlled by such a

circuit.
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CLAIMS:

1. A circuit for controlling a switch, comprising;:

a level shifter, wherein the level shifter includes:

a first level transistor coupled to a switch line;

a diode positioned between the first level transistor and the switch line;

a second level transistor coupled to a current mirror, wherein the  current
mirror is coupled to the switch line; and

a switch coupled to the switch line, wherein the level shifter controls the

switch.

2. The circuit of claim 1, wherein the first and second level transistors are

PDMOS lateral high voltage transistors.

3. The circuit of claim 1, wherein the current mirror comprises a third and a
fourth level transistor and a Zener diode, and wherein the third level transistor is a low
voltage NDMOS transistor and the fourth level transistor is a NDMOS lateral high voltage

transistor.

4. The circuit of claim 1, wherein the switch is a dynamic, bi-directional high
voltage analog switch that comprises a first switch transistor, a second switch transistor, a

Zener diode, a switch input terminal and a switch output terminal.

5. The circuit of one of claims 1 to 4, wherein the level shifter further comprises
- afirst input terminal coupled to the first level transistor; and

- asecond input terminal coupled to the second level transistor.

6. The circuit of one of claim 1 to 5, wherein the level shifter further comprises:
- avoltage source for providing a control signal to the first and second level transistors;

and
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- ahigh negative voltage source for providing a high negative voltage to the current mirror

and the switch.

7. A circuit according to one of Claims 1 to 6, for controlling a dynamic, bi-
directional high voltage analog switch, comprising:

a level shifter including:

a first level transistor coupled to a switch line;

a first input terminal coupled to the first level transistor;

a diode coupled between the first level transistor and the switch line;

a second level transistor coupled to a current mirror, wherein the  current
mirror is coupled to the switch line;

a second input terminal coupled to the second level transistor; and

a dynamic, bi-directional high voltage analog switch including:

a first switch transistor;

a switch input terminal coupled to the first switch transistor;

a second switch transistor coupled to the first switch transistor;

a switch output terminal coupled to the second switch transistor; and

a Zener diode coupled between the first and second switch transistors.

8. The circuit of claim 7, wherein the first and second level transistors are

PDMOS lateral high voltage transistors.

0. The circuit of claim 7, wherein the first and second switch transistors are

NDMOS lateral high voltage transistors.

10. The circuit of one of claims 7 to 9, wherein the current mirror comprises a
third level transistor, a fourth level transistor, and a second Zener diode, wherein the third
level transistor is a low voltage NDMOS transistor and the fourth level transistor is a

NDMOS lateral high voltage transistor.

11. The circuit of one of claims 7 to 10, wherein the level shifter further
comprises:
- avoltage source for providing a control signal to the first and second level transistors;

and
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- ahigh negative voltage source for providing a high negative voltage to the current mirror

and the switch.

12. A method for controlling a bi-directional switch having a Zener diode and a

plurality of switch transistors with a level shifter, comprising the steps of:

setting a first input terminal of the level shifter to approximately 0 Volts, wherein the first

input terminal is coupled to a first level transistor;

- setting a second input terminal of the level shifter to approximately 12 Volts, wherein the
second input terminal is coupled to a second level transistor;

- passing a control signal from a voltage source through the first level transistor and a
diode of the level shifter to the bi-directional switch;

- charging the Zener diode and the switch transistors with the control signal;

- passing a switch signal from a switch input to a switch output when the Zener diode
exceeds a threshold voltage of the switch transistors; and

- ceasing the control signal when a gate potential of the switch transistors reaches a

predetermined potential.

13. The method of claim 12, wherein a gate to source voltage of the switch

transistors is constant,

14. The method of one of claims 12 or 13, further comprising the steps of:
- setting the first input terminal to approximately 12 Volts;
- setting the second input terminal to approximately O Volts; and

- passing a high negative voltage from the level shifter to the switch.

15. The method of one of claims 12 to 14, wherein the step of passing a control
signal comprises passing a control signal from the level shifter to the switch transistors and

the Zener diode.

16. The method of claim 15, further comprising setting both input terminals to

approximately 12 Volts when a low voltage switch signal is applied to the switch input.

17. A scanhead for an ultrasound examination apparatus, with an ultrasonic

transducer to transmit ultrasonic waves into a body from the surface of a tissue of the body
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and receive echoes reflected from tissue and cells within the body, comprising a dynamic, bi-
directional high voltage analog switch, which is controlled by a circuit according to one of

Claims 1 to 11.

18. An ultrasound examination apparatus for imaging or measuring the physiology
within a body, comprising a scanhead with an ultrasonic transducer to transmit ultrasonic
waves into the body from the surface of a tissue of the body and receive echoes reflected
from tissue and cells within the body, and comprising means for processing the reflected
echoes that are received by the ultrasonic transducer of the scanhead to produce images of the
tissue and cells or measurement related to the physiology of the body, wherein the scanhead
is equipped with a dynamic, bi-directional high voltage analog switch, which is controlled by

a circuit according to one of Claims 1 to 11.
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SETTING A FIRST INPUT TERMINAL OF THE LEVEL
SHIFTER TO APPROXIMATELY 0 VOLTS, WHEREIN
THE FIRST INPUT TERMINAL IS GOUPLED TO A
FIRST LEVEL TRANSISTOR.

_— 202

SETTING A SECOND INPUT TERMINAL OF THE LEVEL
SHIFTER TO APPROXIMATELY 12 VOLTS, WHEREIN
THE SECOND INPUT TERMINAL IS COUPLED TO A

SECOND LEVEL TRANSISTOR.

— 204

PASSING A CONTROL SIGNAL FROM A VOLTAGE
SOURCE THROUGH THE FIRST LEVEL TRANGISTOR
AND A DIODE OF THE LEVEL SHIFTER TO THE
BIDIRECTIONAL SWITCH,

CHARGING THE ZENER DIODE AND THE SWITCH
TRANSISTORS WITH THE CONTROL SIGNAL.

~— 208

PASSING A SWITCH SIGNAL FROM A SWITCH INPUT
TO A SWITCH OUTPUT WHEN THE ZENER DIODE
EXCEEDS A THRESHOLD VOLTAGE OF THE
SWITCH TRANSISTORS.

__—210

CEASING THE CONTROL SIGNAL WHEN A GATE
POTENTIAL OF THE SWITCH TRANSISTORS
REACH A ZENER POTENTIAL.

_— 212

FIG. 6
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