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(57) ABSTRACT

The present invention provides a semiconductor device of a
bi-directional analog switch having a high linearity and a low
electric power loss. An ultrasonic diagnostic apparatus hav-
ing a high degree of detection accuracy, comprising the semi-
conductor device, is also provided. A semiconductor device

input/output terminal

(22) Filed: Oct. 27,2011 of a bi-directional analog switch, comprising a switch circuit
. L L capable of switching ON or OFF bi-directionally, and built-in
(30) Foreign Application Priority Data driving circuits for the switch circuit, wherein the driving
circuit is connected to first and second power supplies, and a
Oct. 28,2010 (JP) .coviviiiciicccncc 2010-241711 first power supply voltage is higher than a maximum voltage
A . . of a signal applied to an input/output terminal of the switch
Publication Classification circuit, a second power supply voltage is lower than a mini-
(51) Int.CL mum voltage of a signal applied to an input/output terminal of
AG6IB 8/00 (2006.01) the switch circuit, and the driving circuit comprises a Zener
HO3L 5/00 (2006.01) diode and a p-type MOSFET connected in series between the
HO3K 17/687 (2006.01) first power supply and the switch circuit.
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SEMICONDUCTOR DEVICE AND
ULTRASONIC DIAGNOSTIC APPARATUS
USING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present patent application claims the benefit
under 35 U.S.C. 119 of Japanese Patent Application No.
2010-241711 filed on Oct. 28, 2010, the disclosure of which
is incorporated into this patent application by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a semiconductor
device configuring a high-voltage bi-directional analog
switch and an ultrasonic apparatus using the same.

[0004] 2. Description of the Related Art

[0005] High-voltage bi-directional analog switches (here-
inafter referred to as “switch”, as required) are utilized to
allocate signals to a plurality of oscillators equipped in
probes, for example, in a field of ultrasonic diagnostic appa-
ratus. When a bi-directional analog switch is utilized for
switching signals of the ultrasonic diagnostic apparatus, a
high linearity within an operational range is required for the
bi-directional analog switch, so as to suppress a signal dis-
tortion affecting a picture quality of diagnostic images.
[0006] Moreover, JP 2004-531929 A discloses a technique
which improves a linearity of the bi-directional analog
switch.

SUMMARY OF THE INVENTION

[0007] However, conventional bi-directional analog
switches have not always secured linearities which are suffi-
ciently good. Moreover, in the case of a circuit configuration
disclosed in JP 2004-531929 A, there has been a problem of
a significant electric power loss, since some control signal
lines have paths to continue flowing the electric current, in
either case of a switch-ON state or a switch-OFF state.
[0008] Therefore, the present invention is to solve the
aforementioned problem, and an object of the present inven-
tion is to provide a semiconductor device of the bi-directional
analog switch which has a high linearity and a low electric
power loss.

[0009] Inaddition, another object of the present invention is
to provide an ultrasonic diagnostic apparatus, utilizing the
aforementioned semiconductor device and having a high
degree of detection accuracy.

[0010] Inorderto solve the aforementioned problem and to
achieve the object of the present invention, an apparatus con-
figuration of the present invention has been made as men-
tioned below.

[0011] That is to say, the apparatus is a semiconductor
device comprising a switch circuit capable of switching ON
or switching OFF, bi-directionally and a driving circuit for
driving the switch circuit therein, wherein the driving circuit
is connected to a first power supply and a second power
supply, a voltage ofthe first power supply is equal to or higher
than a maximum voltage of a signal applied to input/output
terminals of the switch circuit, a voltage of the second power
supply is equal to or lower than a minimum voltage of a signal
applied to input/output terminals of the switch circuit, and
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moreover, the driving circuit comprises a Zener diode and a
p-type MOSFET connected in series between the first power
supply and the switch circuit.

[0012] Furthermore, the apparatus is a semiconductor
device comprising a switch circuit for enabling switch-ON or
switch-OFF in a bi-directional manner and a driving circuit
for driving the switch circuit therein, wherein the driving
circuit is connected to the first power supply and the second
power supply, the voltage of the first power supply is equal to
or higher than the maximum voltage of a signal applied to
input/output terminals of the switch circuit, the voltage of the
second power supply is equal to or lower than the minimum
voltage of the signal applied to input/output terminals of the
switch circuit, and moreover, the driving circuit comprises a
p-type IGBT connected between the first power supply and
the switch circuit.

[0013] Inaddition, the semiconductor device is utilized for
a switch of a wave-transmission of an ultrasonic signal to an
oscillator, for separation-switching a wave-transmission
pulse generator and a reception amplifier of the ultrasonic
signal, or for switching a probe.

[0014] According to the above mentioned configuration,
the signal voltage for controlling the switch circuit is secured
to be higher than a voltage of a signal to input to the input/
output terminal of the switch circuit. Therefore, a semicon-
ductor device of a bi-directional analog switch is realized to
secure both of a linearity required for the bi-directional ana-
log switch and a low electric power loss.

[0015] Furthermore, according to the above mentioned
structure, the ultrasonic diagnostic apparatus has a high
degree of detection accuracy, since the apparatus comprises
the bi-directional analog switch with characteristics of the
high linearity and of a low electric power loss.

[0016] Asabovementioned, according to the present inven-
tion, a semiconductor device of the bi-directional analog
switch, having the high linearity and the low electric power
loss, can be provided.

[0017] Furthermore, an ultrasonic diagnostic apparatus uti-
lizing the semiconductor device and having a high degree of
detection accuracy, can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1is a circuit diagram showing a configuration
of'a semiconductor device according to a first embodiment of
the present invention;

[0019] FIG. 2 is a circuit diagram showing a configuration
of'a semiconductor device according to a second embodiment
of the present invention;

[0020] FIG. 3 is a sectional view showing a structure of a
p-type IGBT comprised by a semiconductor device according
to a second embodiment of the present invention;

[0021] FIG. 4 is a schematic diagram showing a relation
graph between an input signal amplitude and an impedance
between input and output terminals of a switch circuit, of a
semiconductor device of the present invention;

[0022] FIG. 5 is a block diagram showing a functionality
structure of an ultrasonic diagnostic apparatus utilizing a
semiconductor device according to a third embodiment of the
present invention;

[0023] FIG. 6 is a circuit diagram showing a partial and
detailed configuration of an ultrasonic diagnostic apparatus
utilizing a semiconductor device according to a third embodi-
ment of the present invention; and
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[0024] FIG. 7 is a circuit diagram showing a configuration
of a bi-directional analog switch circuit and a driving circuit
thereof of a circuitry technology referred to for comparison.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

First Embodiment
Semiconductor Device

[0025] A first embodiment of the present invention is
described below in detail with reference to the accompanying
drawings. FIG. 1 is a circuit diagram showing a configuration
according to a first embodiment of the present invention.
[0026] In FIG. 1, a semiconductor device in the first
embodiment consists ofa bi-directional analog switch overall
circuit 4.

<<Configuration of Bi-directional Analog Switch Overall
Circuit 4>>

[0027] The bi-directional analog switch overall circuit 4 is
configured, comprising a driving circuit 1, a switch circuit 2,
and alevel-shift control circuit 3. Moreover, the bi-directional
analog switch overall circuit 4 is connected to a high-voltage
positive power supply 5 (VPP, a first power supply), a high-
voltage negative power supply 6 (VNN, a second power sup-
ply), and a switch control signal input terminal 7, and com-
prises input/output terminals 8 and 9 to be connected to the
bi-directional analog switch in the switch circuit 2.

<<Switch Circuit 2<<

[0028] The switch circuit 2 is configured, comprising
n-type MOSFETs (Metal-Oxide-Semiconductor Field-Effect
Transistor) 16 and 17. The n-type MOSFETs 16 and 17 are
connected at source terminals and at gate terminals thereof,
each other. Incidentally, in the case of MOSFET, a relation
between the source and the drain varies depending on a flow
direction of an electric current. According to FIG. 1 of the
n-type MOSFETs 16 and 17, a terminal having a same elec-
trical potential as a bulk is referred to as a source terminal
(source) and a terminal not connecting to the bulk is referred
to as a drain terminal (drain).

[0029] Thus, the drain terminal of the n-type MOSFET 16
is the input/output terminal 8 for the switch circuit 2 and the
drain terminal of the n-type MOSFET 17 is the input/output
terminal 9 for the switch circuit 2.

[0030] The gate terminals (gate) connected each other to
the n-type MOSFETs 16 and 17 are connected to a first output
line 14 of the driving circuit 1.

[0031] Meanwhile, the source terminals (source) con-
nected each other to the n-type MOSFETs 16 and 17 are
connected to a second output line 15 of the driving circuit 1.
[0032] The firstoutput line 14 and the second output line 15
of the driving circuit 1 are controlled by a switch control
signal 7, which is disposed at an upstream side of the circuit.
That is to say, a change of the switch control signal 7 results
in an operation of the level-shift control circuit 3. Thereafter,
the driving circuit 1 operates on the basis of the control signal
given by the first level-shift control circuit output terminal 18
and the second level-shift control circuit output terminal 19 of
the level-shift control circuit 3 and switches the switch circuit
2 into a switch-ON state (on, conduction, low impedance) or
a switch-OFF state (off, shut down, high impedance). Thus, a
signal applied to the input/output terminal (e.g. input/output
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terminal 8) is propagated (transmitted) to a counterpart input/
output terminal (e.g. input/output terminal 9), or is shut down.
[0033] Furthermore, the output signals of the driving circuit
1 are described as a first output line 14 and a second output
line 15, instead of a first output signal and a second output
signal. This is because each of electrical potentials of the first
output line 14 and the second output line 15, may be occa-
sionally determined by a factor other than an output driven by
the p-type MOSFET 11 and the n-type MOSFET 12, and an
output driven by the n-type MOSFET 13 in the driving circuit
1.

[0034] Moreover, a detailed configuration and a detailed
operation of the driving circuit 1 and of the level-shift control
circuit 3 are described later.

[0035] The further detailed operation and the characteris-
tics of the switch circuit 2 are described later, as well.

<<Driving Circuit 1>>

[0036] The driving circuit 1 is configured, comprising the
Zener diode 10 (including a case that the breakdown voltage
is determined by Zener breakdown and by the avalanche yield
of this embodiment), the p-type MOSFET 11 and n-type
MOSFETs 12 and 13. The high-voltage positive power sup-
ply 5 (VPP) to be a power supply of the driving circuit 1 is
connected to an anode terminal of the Zener diode 10 and a
cathode terminal of the Zener diode 10 is connected to a
source terminal of the p-type MOSFET 11.

[0037] Meantime, the high-voltage negative power supply
6 (VNN) to be another power supply of the driving circuit 1 is
connected to each of the source terminals of the n-type MOS-
FETs 12 and 13.

[0038] A drain terminal of the p-type MOSFET 11 and a
drain terminal of the n-type MOSFET 12 are connected each
other, and moreover, output the signal as the first output line
14 of the driving circuit 1.

[0039] Furthermore, a drain terminal of the n-type MOS-
FET 13 outputs a signal as the second output line 15 of the
driving circuit 1.

[0040] A gate terminal of the p-type MOSFET 11 is con-
nected to the first level-shift control circuit output terminal 18
of the level-shift control circuit 3.

[0041] A gateterminal ofthen-type MOSFET 13 and a gate
terminal of the n-type MOSFET 12 are both connected to the
second level-shift control circuit output terminal 19 of the
level-shift control circuit 3.

<<Level-shift Control Circuit 3>>

[0042] The level-shift control circuit 3 is a circuit to volt-
age-transform the signal and to set the signal so as to drive the
driving circuit 1 in operation with the high-voltage positive
power supply 5 (VPP) and the high-voltage negative power
supply 6 (VNN), with the switch control signal 7 (control
signal, approximately OV to 5V). That is to say, the switch
control signal, which is between 0V and 5V, is level-shifted
(electrical-potential-transformed) into a control signal which
is almost equivalent to the voltage VPP or VNN (a voltage
difference between VPP and VNN is approximately 200V), at
the first level-shift control circuit output terminal 18 and at the
second level-shift control circuit output terminal 19 of the
level-shift control circuit 3. Therefore, the gates of the p-type
MOSFET 11 and the n-type MOSFET 12 are controlled by
approximate values of the electrical potentials of VPP and
VNN.
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[0043] Incidentally, the first level-shift control circuit out-
put terminal 18 and the second level-shift control circuit
output terminal 19 of the level-shift control circuit 3, may be
set into a level of the high-voltage negative power supply 6,
simultaneously or with some time difference.

<<Operation of Bi-Directional Analog Switch Overall Cir-
cuit 4>>

[0044] When the first level-shift control circuit output ter-
minal 18 and the second level-shift control circuit output
terminal 19 of the level-shift control circuit 3 are set into an
electrical potential level of the high-voltage negative power
supply 6 (VNN) by the switch control signal 7, the p-type
MOSFET 11 of the driving circuit is switched ON and the
n-type MOSFETs 12 and 13 are switched OFF. Accordingly,
an electric current flows from the high-voltage positive power
supply 5 (VPP) through the Zener diode 10 and the p-type
MOSFET 11, thereafter, gate capacitances at the n-type
MOSFETs 16 and 17 of the switch circuit 2 are charged, and
subsequently, gate potentials at the n-type MOSFETs 16 and
17 reach an approximate value of the VPP, then consequently,
both of the n-type MOSFETs 16 and 17 are switched ON.
Accordingly, the switch circuit 2 is switched ON.

[0045] When the switch circuit 2 is switched ON and a
positive voltage signal is applied to the input/output terminal
8, the voltage of a second output line 15 connected to the
source terminals of the n-type MOSFETSs 16 and 17 follows a
voltage of the input/output terminal 8. This is because the
n-type MOSFET 13 is switched OFF and the n-type MOS-
FET 16 is switched ON.

[0046] A voltage between the gate sources of the n-type
MOSFETs 16 and 17 is a voltage difference between the first
output line 14 and the second output line 15. A first output line
14 in the beginning, that is to say, the gate terminal of the
n-type MOSFETs 16 and 17 are in an electrical potential level
of the high-voltage positive power supply 5 (VPP) through
the driving circuit 1.

[0047] As the electrical potential level (voltage) of the posi-
tive voltage signal applied to the input/output terminal 8 rises,
the voltage of the second output line 15 rises as well, and
thereafter, the voltage between the gate sources of the n-type
MOSFETs 16 and 17 decreases.

<<Case without Zener Diode 10>>

[0048] Here, in order to explain a function of the Zener
diode 10 in this embodiment for easy understanding, a case
without the Zener diode 10 in the driving circuit 1 is assumed
for comparison.

[0049] Assuming that the Zener diode 10 does not exist,
when a circuit is configured with the p-type MOSFET 11
directly connected to the high-voltage positive power supply
5 (VPP), as a voltage difference between the positive voltage
signal applied to the input/output terminal 8 and the voltage of
the high-voltage positive power supply 5 (VPP), is getting
closer to a threshold voltage of the n-type MOSFETs 16 and
17, an impedance of the n-type MOSFETs 16 and 17 is
getting equal to or higher than the initial value. And when the
voltage difference reaches the threshold voltage or becomes
less than the threshold voltage, the impedance increases dras-
tically.

[0050] This is because a boundary between the switch-ON
and the switch-OFF of the n-type MOSFETs 16 and 17, as an
approximation (a first approximation), is a value to subtract
the source electrical potential and the threshold voltage from
the gate electrical potential. Furthermore, an impedance of
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the n-type MOSFETs 16 and 17, is in inverse proportion to the
value to subtract the source electrical potential and the thresh-
old voltage from the gate electrical potential, as the approxi-
mation (the first approximation).

[0051] Accordingly, when a positive voltage signal applied
to the input/output terminal 8 is transmitted (propagated) to
the input/output terminal 9, each of the input/output terminal
8, source electrical potentials (the second output line 15) of
the n-type MOSFETs 16 and 17, and the input/output termi-
nal 9 reaches an electrical potential, which is approximately
the same electrical potential as the positive voltage signal
applied to the input/output terminal 8.

[0052] That is to say, the input/output terminal 8 is not a
source (source terminal) of the n-type MOSFETs 16 and 17,
however, when a positive voltage signal applied to the input/
output terminal 8 is transmitted, an electrical potential of a
source (source terminal) of the n-type MOSFETs 16 and 17
needs to be almost the same electrical potential as the positive
voltage signal applied to the input/output terminal 8, as well.
[0053] Therefore, as the positive voltage signal applied to
the input/output terminal 8 is getting higher, and as the volt-
age difference between the electrical potential of the positive
voltage signal and the voltage of the high-voltage positive
power supply 5 (VPP) is getting closer to the threshold volt-
age of the n-type MOSFETs 16 and 17, an impedance of the
n-type MOSFETSs 16 and 17 is getting higher. Then, a linear-
ity of a signal to be output from the input/output terminal 9,
that is to say, a linearity of the switch circuit 2 as a bi-
directional analog switch is deteriorated.

<<Case with Zener Diode 10>>

[0054] As shown in FIG. 1, a configuration of a circuit
connected to the Zener diode 10 in this embodiment, is
explained.

[0055] Since there exists a parasitic capacitance (not
shown) between the gate-sources and that between the gate-
drains in the n-type MOSFETSs 16 and 17 respectively, as the
electrical potential level of the positive voltage signal applied
to the input/output terminal 8 rises, the electrical potential
level, which is in proportion to the value of the increase of
electrical potential level of the positive voltage signal applied
to the input/output terminal 8, increases the gate potential of
the n-type MOSFETSs 16 and 17, due to the parasitic capaci-
tance.

[0056] At that moment, in the case of a circuit without the
aforementioned Zener diode 10, the gate potential of the
n-type MOSFETs 16 and 17 is fixed in a low impedance by
the electrical potential VPP of the high-voltage positive
power supply, through a first output line 14, the voltage rise to
increase the gate potential of the n-type MOSFETs 16 and 17
doesn’t make any contribution, due to the aforementioned
parasitic capacitance (not shown).

[0057] However, as shown in FIG. 1, in the case of a circuit
connected with the Zener diode 10 in this embodiment, the
electrical potential VPP of the high-voltage positive power
supply is not applied directly to the gate of the n-type MOS-
FETs 16 and 17, thus, the gate potential of the n-type MOS-
FETs 16 and 17 is increased, by the parasitic capacitance (not
shown), to the electrical potential, which is higher than the
VPP.

[0058] This electrical potential rises, at maximum, up to the
voltage which is a sum of the voltage of the high-voltage
positive power supply 5 (VPP) and the Zener voltage (break-
down voltage) of the Zener diode 10. Accordingly, even when
the electrical potential level of the positive voltage signal
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applied to the input/output terminal 8 rises, and the voltage
difference between the positive voltage signal applied to the
input/output terminal 8 and the voltage of the high-voltage
positive power supply S is equal to or lower than the threshold
voltage of the n-type MOSFETs 16 and 17, the electrical
potential of a first output line 14, that is to say, the gate
terminal of the n-type MOSFETs 16 and 17, rises, at maxi-
mum, up to the voltage which is a sum of the voltage of the
high-voltage positive power supply 5 (VPP) and the Zener
voltage of the Zener diode 10, due to the aforementioned
reason. And therefore, in the case of a circuit connected with
the Zener diode 10, compared with a circuit not connected
with the Zener diode 10, it is possible to prevent a sharp rise
of the impedance and to ensure a wider input signal range in
which a linearity of the switch circuit 2 can be maintained.

[0059] Meanwhile, the reason why the aforementioned
electrical potential rises, at maximum, up to the voltage which
is a sum of the voltage of the high-voltage positive power
supply 5 (VPP) and the Zener voltage of the Zener diode 10,
is that a breakdown (avalanche yield) of the Zener diode 10
results in a sudden flow of the electric current, when the
electrical potential is equal to or higher than the sum of the
voltages.

[0060] Furthermore, when the Zener diode 10 is used in a
forward direction, a forward direction voltage drop as a diode,
is caused. However, in general, the forward direction voltage
drop is set sufficiently lower than each of the Zener voltage
(breakdown voltage) and the electrical potential VPP of the
high-voltage positive power supply, thus the forward direc-
tion voltage drop may be negligible.

[0061] Due to the aforementioned reason, for example,
when the Zener voltage of the Zener diode 10 is identical as
the threshold voltage of the n-type MOSFETSs 16 and 17, the
positive voltage signal applied to the input/output terminal 8
may be applied, at maximum, up to the high-voltage positive
power supply 5 (VPP) level.

[0062] Moreover, since the Zener diode 10 has the Zener
voltage characteristics, when the gate potential of the n-type
MOSFETs 16 and 17 is equal to or higher than the sum of the
voltage of the high-voltage positive power supply 5 (VPP)
and the Zener voltage of the Zener diode 10, the Zener diode
10 breaks down and flows an electric current, as aforemen-
tioned. Accordingly, it is prevented that an unnecessarily high
voltage of an element device inside the driving circuit 1 or the
switch circuit 2 causes an insulation breakdown of the ele-
ment device itself or vicinities thereof.

[0063] Incidentally, the above mentioned case is that the
positive voltage signal is applied to the input/output terminal
8 and propagated (transmitted) to the input/output terminal 9.
The similar effect and characteristics are caused, in case that
the positive voltage signal is applied to the input/output ter-
minal 9 and propagated (transmitted) to the input/output ter-
minal 8, since the switch circuit 2 is of a symmetrical con-
figuration.

[0064] Moreover, when a negative voltage signal is applied
to the input/output terminal 8, the value to subtract the source
electrical potential and the threshold voltage from the gate
electrical potential of the n-type MOSFET 16 is a positive
value, which is sufficiently higher than zero. Thus, the n-type
MOSFETs 16 and 17 propagate (transmit) a negative voltage
signal to the input/output terminal 9, under a condition of a
low impedance with little variation, that is to say, under a
condition of a high linearity.
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[0065] Furthermore, when a negative voltage signal is
applied to the input/output terminal 9, the switch circuit 2,
because of a symmetrical configuration, propagates (trans-
mits) a negative voltage signal to the input/output terminal 8,
under a condition of a low impedance with a small variation,
that is to say, under a condition of a high linearity.

[0066] As a consequence, a bi-directional analog switch is
realized, having a high linearity to an AC signal which is an
alternating positive and negative signal and moreover to an
AC signal of a large amplitude, by having a high linearity to
both of the positive voltage signal and the negative voltage
signal.

[0067] Incidentally, the measured values of the different
impedance characteristics in case with the Zener diode 10 and
in case without the Zener diode 10, is described in detail later.

<<Low Electric Power Loss >>

[0068] In order to switch OFF the switch circuit 2, a first
level-shift control circuit output terminal 18 and an electrical
potential level of a second level-shift control circuit output
terminal 19 of a level-shift control circuit 3 are set to an
electrical potential level of a high-voltage positive power
supply 5. By setting the first level-shift control circuit output
terminal 18 and the second level-shift control circuit output
terminal 19 to the electrical potential level of the high-voltage
positive power supply 5 (VPP), the p-type MOSFET 11 of the
driving circuit is switched OFF, and the n-type MOSFETs 12
and 13 of the driving circuit are switched ON. Accordingly, a
gate capacitance of the n-type MOSFETs 16 and 17 of the
switch circuit 2 is discharged and the switch circuit 2 is
switched OFF.

[0069] When this switch circuit 2 is switched OFF, the
p-type MOSFET 11 is switched OFF, and moreover, there is
no other path to flow an electric current. Thus, no any electric
current flows in a stationary manner between the high-voltage
positive power supply 5 (VPP) and the high-voltage negative
power supply 6 (VNN). Accordingly, the electric power loss
is decreased compared to a comparison circuit which is
described later as a reference.

[0070] Incidentally, the electrical potential levels, of a first
level-shift control circuit output terminal 18 and of a second
level-shift control circuit output terminal 19 of the level-shift
control circuit 3, may be set into an electrical potential level of
the high-voltage positive power supply 5 (VPP), simulta-
neously or with some time difference.

Second Embodiment
Semiconductor Device

[0071] FIG. 2 is a circuit diagram showing a second
embodiment of the present invention. In FIG. 2, a semicon-
ductor device in the second embodiment comprises a bi-
directional analog switch overall circuit 24.

[0072] In FIG. 2 of a driving circuit 21, comprised in the
bi-directional analog switch overall circuit 24, the Zener
diode 10 and a p-type MOSFET 11 of a driving circuit 1 in
FIG. 1 are substituted with the p-type IGBT (Insulated Gate
Bipolar Transistor) 20. This p-type IGBT, as described later,
has a structure to comprise the built-in Zener diode, and
therefore, the p-type IGBT may be substituted with the Zener
diode 10 and the p-type MOSFET 11 in FIG. 1, accordingly.
[0073] InFIG. 2, the Zener diode 34 (FIG. 3) which is built
in to the p-type IGBT 20, has an inverted withstand voltage
corresponding to the Zener voltage in a switch-ON state.
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Accordingly, a configuration comprising the p-type IGBT 20
to switch ON and OFF the high-voltage positive power supply
5 (VPP) and the Zener diode 34 (FIG. 3) built in the p-type
IGBT 20, has a function and an effect, which are approxi-
mately equivalent to a function and an effect of a configura-
tion comprising the p-type MOSFET 11 and a Zener diode 10
in FIG. 1. Therefore, the p-type IGBT 20 ensures a wider
input signal range in which a switch circuit 2 is capable of
maintaining a linearity.

[0074] Incidentally, the Zener diode 34 (FIG. 3) which is
builtin to the p-type IGBT 20, as described later, is formed in
a side of the collector electrode 33 (FIG. 3). That is to say, in
FIG. 2, the Zener diode is formed in a side of a first output line
14. However, an effect as a Zener diode is the same as the
effectin FIG. 1, even if the Zener diode is not located in a side
of the high-voltage positive power supply VPP. Thus, an
electrical potential of a first output line 14 can maintain a
value to add the Zener voltage to the voltage of the high-
voltage positive power supply (VPP), resulting in a effect to
ensure a wider input signal range in which the switch circuit
2 can maintain a linearity, as aforementioned.

[0075] Furthermore, since configurations other than the
p-type IGBT 20 are the same as the configurations in FIG. 1,
redundant description thereof will be omitted.

<<p-type IGBT Structure>>

[0076] FIG. 3 is a sectional view showing a structure of a
p-type IGBT.
[0077] In FIG. 3, an emitter electrode 31 is connected to a

P*layer351. An N channel layer 362 lies between the P* layer
351 and a P-well layer 353. By controlling switch-ON and
switch-OFF with a gate electrode 32, this part of the structure
configures a MOSFET. The structure comprises the afore-
mentioned P-well layer 353, furthermore, a P layer 352, an N*
layer 363 (this part is a bipolar structure), and a collector
electrode 33, connected. A major part of the IGBT is config-
ured as above.

[0078] Inaddition, in FIG. 3, each of an N* layer 361, an Si
substrate (n—) 381, an SiO, (layer) 371, 372 and 373 is a
structurally necessary element to configure IGBT as a device.
[0079] In the configuration above, a diode 34 is configured
by the N* layer 363 and the P layer 352, directly under the
collector electrode 33. Here, by an appropriate selection of an
impurity density of the P layer 352 or the N* layer 363, it is
possible to make a diode configured by an N* layer 363 and
the P layer 352, into the Zener diode 34. The Zener diode 34
configured by the N* layer 363 and the P layer 352 gives, in a
driving circuit 21 of FIG. 2, the same effect as the Zener diode
10 in FIG. 1.

[0080] Furthermore, a process to manufacture a p-type
IGBT as a device, comprises a plurality of processes to con-
figure the P layer, and therefore, by applying an existing ion
implantation process or a diffusion process for an appropriate
impurity density into the P layer 352 to configure the afore-
mentioned the Zener diode 34, it is possible to form the
aforementioned Zener diode 34, without adding a new manu-
facturing process, that is to say, without any cost increase.

<<Impedance Characteristics >>

[0081] FIG.4 shows a measurement result of an impedance
of the switch circuit 2 (FIG. 1) against an input signal ampli-
tude of a circuit in FIG. 1, and is a characteristics diagram to
compare the impedance characteristics in cases with and
without the Zener diode 10.
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[0082] In FIG. 4, a horizontal axis shows a normalized
input signal amplitude, and a reference value is set as 1, under
a condition that an input signal amplitude is equal to a VPP
voltage of the high-voltage positive power supply.

[0083] Furthermore, a vertical axis shows a normalized
value of an impedance of a switch circuit 2, and a reference
value is set as 1 for an impedance value under a condition that
an input signal amplitude is equal to 0.5 (a half of the VPP
voltage).

[0084] InFIG. 4, aregion showing almost a flat impedance
of a switch circuit 2 (FIG. 1) is a range where a linearity is
maintained. A characteristics line 41 is a measurement result
of the circuit not connected with the Zener diode 10 (FIG. 1),
and meantime, a characteristics line 42 is a measurement
result of the circuit connected with the Zener diode 10. By
connecting the Zener diode 10, a dynamic range of an input
signal amplitude becomes wider and a linear domain is
extended. In the domain showing a drastic increase of an
impedance of the characteristics line 41 and the characteris-
tics line 42, the difference between the characteristics line 41
and the characteristics line 42 along the horizontal axis direc-
tion, corresponds almost to the Zener voltage of the Zener
diode 10 (FIG. 1). Incidentally, as aforementioned, FIG. 4
shows a measurement result of the circuit in FIG. 1, and
furthermore, in case that an IGBT 20 of FIG. 2 is utilized, the
built-in Zener diode 34 (FIG. 3) causes almost the same
characteristics improvement.

Third Embodiment
Ultrasonic Diagnostic Apparatus

[0085] Next, an ultrasonic diagnostic apparatus of a third
embodiment of the present invention is explained with refer-
ence to FIG. 5 and FIG. 6.

[0086] FIG. 5 is a block diagram showing a functionality
structure of an ultrasonic diagnostic apparatus 500 of a third
embodiment of the present invention, comprising a semicon-
ductor device according to the first embodiment or the second
embodiment of the present invention.

[0087] In FIG. 5, the ultrasonic diagnostic apparatus 500
comprises; an ultrasonic probe 50 for transmitting and receiv-
ing an ultrasonic to and from an internal part of an examinee
(not shown) to be measured, a transmission circuit system
means 51 for transmission-focus-processing a transmission
wave to the ultrasonic probe 50 and transmitting an ultra-
sonic, a reception circuit system means 52 comprising a phas-
ing means for reception-focus-processing a reception wave
output from the ultrasonic probe 50, and switch circuit groups
55 for switching an ultrasonic signal transmitted among the
ultrasonic probe 50, and the transmission circuit system
means 51, and the reception circuit system means 52.
[0088] In addition, the ultrasonic diagnostic apparatus 500
further comprises; an ultrasonic display circuit system means
53 for displaying an ultrasonic tomography image or the like
using a reception signal output from the reception circuit
system means 52, and an image display 54, for example, a
monitor display or the like, for displaying an ultrasonic image
information output from the ultrasonic display circuit system
means 53.

[0089] Furthermore, signal lines 505, 515, and 552 in bold
lines show an ultrasonic transmission/reception signal flow,
and signal lines 523, 534, and 565 in fine lines show a control
signal flow.
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[0090] Meanwhile, in FIG. 5, the ultrasonic probe 50, the
transmission circuit system means 51, the reception circuit
system means 52, and the ultrasonic display circuit system
means 53 are referred to as “probe”, “transmission circuit
system”, “reception circuit system”, and “ultrasonic display
circuit system”, respectively, for the simplification in the
block diagram.

[0091] The ultrasonic diagnostic apparatus 500 of this
embodiment comprises a semiconductor device, of the afore-
mentioned embodiment, utilized for the switch circuit groups
55 for switching an ultrasonic signal transmitted among a
number m of oscillators equipped in the ultrasonic probe 50
and the transmission circuit system means 51, and the recep-
tion circuit system means 52.

[0092] The switch circuit groups 55 are provided among
the transmission circuit system means 51, and the reception
circuit system means 52, and the ultrasonic probe 50. Inci-
dentally, a number n of the transmission/reception channels
are connected between the switch circuit groups 55 and the
transmission circuit system means 51, and between the switch
circuit groups 55 and the reception circuit system means 52.
[0093] The configuration of the switch circuit groups 55 in
FIG. 5 is exemplified in the switch circuit groups 55 in FIG. 6,
in more detail.

[0094] In FIG. 6, the switch circuit groups 55 consist of a
number m of switch circuit groups, that is to say, a switch
circuit group #1 through #m, each of which comprises a
number n of the switches (semiconductor devices 4 (FIG. 1)
and 24 (FIG. 2). One terminal of the number n of the switches
(semiconductor devices 4 (FIG. 1) and 24 (FIG. 2) comprised
in each switch circuit group is connected to each other and to
an oscillator comprised in the ultrasonic probe 50. That is to
say, each of the commonly-connected terminals in each of the
switch circuit group #1 through #m is connected to the one
terminal of the oscillator #1 through #m comprised in the
ultrasonic probe 50. Furthermore, the other terminals of the
oscillator #1 through #m are earthed (grounded).

[0095] Moreover, each of other terminals of a number n of
switches (semiconductor devices 4 (FIG. 1) and 24 (FIG. 2)
comprised in each of the switch circuit groups is connected to
the transmission/reception channel #1 through #n. Inciden-
tally, each of the number m of the oscillators comprised in the
ultrasonic probe 50 in FIG. 5 corresponds to each of the
oscillator #1 through #m in FIG. 6.

[0096] Meanwhile, each of the number n of the transmis-
sion/reception channel 515 and 552 in FIG. 5 corresponds to
each of the transmission/reception channel #1 through #n in
FIG. 6.

[0097] Furthermore, the switch control circuit 56 (FIG. 5)
selects and controls the switch circuit group (#1 through #m)
of the switch circuit groups 55 and a number n of switches
(semiconductor devices 4 (FIG. 1) and 24 (FIG. 2) comprised
in each thereof, by the control signal 565 (FIG. 5).

[0098] In the aforementioned configuration, the transmis-
sion circuit system means 51 applies a voltage of an approxi-
mately one hundred and several dozens of volts to the oscil-
lator #1 through #m and the oscillator transmits an ultrasonic
beam to an internal part of an examinee (not shown) to be
measured. Meanwhile, after the pre-determined time passes,
a reflection wave is detected by the oscillator #1 through #m,
furthermore, the transformed electric signal (approximately
several dozens of milli-volts) is transmitted to the reception
circuit system means 52, thereafter, the signal processing is
performed.
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[0099] In the processes above, each of the switch circuit
group (#1 through #m) in the switch circuit groups 55 selects
one out of a plurality of ultrasonic transmission/reception
channels for a plurality of oscillators (#1 through #m) to
transmit and to receive an ultrasonic in an ultrasonic probe,
otherwise shuts down all transmission/reception channels.
[0100] Furthermore, when the oscillator (#1 through #m)
transmits an ultrasonic beam, the switches (semiconductor
devices 4 (FIG. 1) and 24 (FIG. 2))need to have high blocking
voltage characteristics, since an aforementioned high voltage
is applied to the switch. Moreover, since a high degree of
detection accuracy is required to transmit and to receive an
ultrasonic, the switches (semiconductor devices 4 (FIG. 1)
and 24 (FIG. 2)) need a high linearity and a wide dynamic
range.

[0101] An ultrasonic diagnostic apparatus 500 in this
embodiment is capable of driving a large amplitude of an
ultrasonic signal, by utilizing a semiconductor device in this
aforementioned embodiment for a switching apparatus of the
ultrasonic signal transmitted among the oscillators, the trans-
mission circuit system, and the reception circuit system. This
improves the S/N ratio (signal-to-noise ratio) of the ultrasonic
signal and can improve the image quality of the ultrasonic
diagnostic apparatus.

Other Embodiment

[0102] InFIG. 1, the Zener diode 10 is comprised between
the p-type MOSFET 11 and a high-voltage positive power
supply 5 (VPP), meanwhile, the Zener diode 10 may be
comprised between the p-type MOSFET 11 and the first
output line 14. In either case that the Zener diode 10 is
comprised in a side of the source or in a side of the drain of the
p-type MOSFET 11, the first output line 14 has an effect to
maintain a value to add the Zener voltage of the Zener diode
10 to an electrical potential of the voltage of the high-voltage
positive power supply (VPP).

[0103] Furthermore, the Zener diode 10 may be formed in
the same manufacturing process (common manufacturing
process) as the p-type MOSFET 11 and within the same
substrate as the p-type MOSFET 11. In the manufacturing
process of the p-type MOSFET 11, both of P layer and N layer
are manufactured therein. Accordingly, it is possible to manu-
facture a Zener diode consisting of P layer and N layer within
the same substrate as the p-type MOSFET, and furthermore,
in the different insulation-isolated domain (SiO, layer).
Moreover, it is also possible to adjust the Zener voltage char-
acteristics by ion-implanting an impurity into P layer or N
layer of the Zener diode.

[0104] Inaddition, the Zener diode 10 may be formed in the
same manufacturing process (common manufacturing pro-
cess), and within the same substrate as the p-type MOSFET
11, n-type MOSFETs 12, 13, 16 and 17, and the level-shift
control circuit 3.

[0105] In the manufacturing process of CMOS (Comple-
mentary Metal Oxide Semiconductor), since the p-type
MOSFET and the n-type MOSFET are formed in the same
manufacturing process (common manufacturing process),
and within the same substrate, it is further possible to manu-
facture a Zener diode which consists of P layer and N layer.
Manufacturing the Zener diode 10 and each of the aforemen-
tioned element devices in the same manufacturing process
(common manufacturing process) and within the same sub-
strate, results in the further cost reduction.
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[0106] Furthermore, in FIG. 2, an explanation is made
about a case to utilize an IGBT having a built-in Zener diode.
Meanwhile, when any specific performance such as an accu-
racy is required in Zener voltage characteristics of the Zener
diode, IGBT and the Zener diode may be configured in sepa-
rate components.

[0107] Moreover, in FIG. 1 and FIG. 2, a MOSFET to
configure the switch circuit 2, is explained by the n-type
MOSFET. Meanwhile, the p-type MOSFET may configure
the switch circuit 2. In this case, however, the configuration of
the driving circuit 1 or 21, and the level-shift control circuit 3
should be modified so as to correspond to a polarity of the
p-type MOSFET.

[0108] In addition, in FIG. 1 and FIG. 2, the p-type MOS-
FET may be added in parallel to each of n-type MOSFETs 16
and 17 to configure the switch circuit 2. In this case, however,
the configuration of the driving circuits 1 (FIG. 1) and 21
(FIG. 2), and the level-shift control circuit 3 should be modi-
fied so as to include a circuit to drive the added p-type MOS-
FET.

[0109] Furthermore, in FIG. 5 and FIG. 6, an explanation is
made about a case to utilize a semiconductor device of the
first embodiment or the second embodiment of the present
invention for switching the transmission/reception of the
ultrasonic signal to the oscillator in the ultrasonic diagnostic
apparatus (a switch for separating the wave-transmission
pulse generator and the reception amplifier of the ultrasonic
signal). However, the semiconductor device may be utilized
for switching the transmission, only.

[0110] Moreover, the semiconductor device of this embodi-
ment may be utilized for switching a probe in the ultrasonic
diagnostic apparatus.

Comparable Circuit Technology for Reference

[0111] As a comparable circuit technology for reference, a
configuration of the bi-directional analog switch circuit and
the driving circuit thereof, is shown in FIG. 7. FIG. 7 shows an
example to configure a bi-directional analog switch. In FIG.
7, the bi-directional analog switch 114 comprising of the
transistors 140 and 138 and a Zener diode 142, is controlled
by the level-shifter 112 comprising the transistors 116, 118,
120 and 122, the diode 124 and the Zener diode 130.

[0112] This configuration provides a device to widen a
dynamic range so as to maintain a linearity as a bi-directional
analog switch 114.

[0113] However, when the bi-directional analog switch 114
is in a switch-ON state and applies a negative voltage signal to
the switch terminal 144, an electric current flows from the
power supply 132, through the transistor 118, the diode 124
and the Zener diode 142. Accordingly, all of the electric
currents in the level-shifter 112 flow outward from either of
the switch terminal 144 or the switch terminal 146.

[0114] Moreover, when the bi-directional analog switch
114 is in a switch-OFF state, an electric current flows between
the power supplies 132 and 134 through the transistors 116
and 122, and the Zener diode 130.

[0115] Accordingly, in either case that the bi-directional
analog switch 114 is in switch-ON state or in switch-OFF
state, an electric current continues flowing as a leak electric
current in the level-shifter 112 which is a control circuit. That
is to say, the comparison circuit exemplified in FIG. 7 for
reference, causes a larger electric power loss.

[0116] To the contrary, in the case of a semiconductor
device which is a bi-directional analog switch of this afore-
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mentioned embodiment, there is no path to flow a leak electric
current which flows in the comparison circuit mentioned
above, and therefore, an electric power loss is reduced.

Supplementary Information of This Embodiment

[0117] As aforementioned in this embodiment, by utilizing
the p-type MOSFET and the Zener diode connected in series,
or by connecting the p-type IGBT with the built-in Zener
diode, a voltage between a gate and a source of the n-type
MOSFET in the switch circuit keeps equal to or higher than
the Zener voltage within the operation condition of the switch
circuit. Therefore, the aforementioned switch circuit achieves
a high linearity as a bi-directional analog switch.

[0118] Furthermore, while the switch circuit keeps a
switch-ON state or a switch-OFF state, an insulation is made
between the power supplies. Therefore, no leak electric cur-
rent flows and it is possible to reduce an electric power loss,
compared with the prior art. In addition, all or a part of the
driving circuits 1 and 21 including the Zener diode, the switch
circuit 2, and a level-shift control circuit 3, are formed in the
same manufacturing process (common manufacturing pro-
cess) and within the same substrate device, into a semicon-
ductor device, and therefore, a cost reduction would be
achieved.

[0119] Moreover, by comprising the aforementioned semi-
conductor device as a bi-directional analog switch, an
improvement of a high degree of detection accuracy of the
ultrasonic diagnostic apparatus is expected.

[0120] A bi-directional analog switch, especially a high-
voltage bi-directional analog switch, is utilized firstly in the
medical field, and also extensively in an entirety of various
industries. A high-voltage bi-directional analog switch utiliz-
ing a semiconductor device according to this embodiment of
the present invention, is feasibly to be used not only in a
medical field, but also extensively in a field of analog signal
switches utilizing a semiconductor for industrial use and for
home use, because of a high linearity in the analog character-
istics and a low electric power loss suitable for the miniatur-
ization use and the mobility use, and furthermore, because of
the low cost.

What is claimed is:

1. A semiconductor device comprising:

a switch circuit capable of switching ON or switching OFF,

bi-directionally; and

a driving circuit for driving the switch circuit, wherein,

the driving circuit is connected to a first power supply

comprising a first power supply voltage which is equal to
or higher than a maximum voltage of a signal applied to
an input/output terminal of the switch circuit, and the
driving circuit is connected to a second power supply
comprising a second power supply voltage which is
equal to or lower than a minimum voltage of a signal
applied to an input/output terminal of the switch circuit;
and

the driving circuit comprises a Zener diode and a p-type

MOSFET connected in series between the first power
supply and the switch circuit.

2. A semiconductor device as claimed in claim 1, further
comprising a level-shift control circuit for level-shifting a
switch control signal to control the driving circuit.

3. A semiconductor device as claimed in claim 2, wherein
the driving circuit comprising the Zener diode and the p-type
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MOSFET, the switch circuit, and the level-shift control cir-
cuit are formed in a common manufacturing process and
within a same substrate.
4. A semiconductor device as claimed in claim 1, wherein
a Zener voltage of the Zener diode is equal to or higher than
a threshold voltage of an n-type MOSFET of the switch
circuit.
5. A semiconductor device as claimed in claim 1, wherein
the switch circuit is a bi-directional analog switch circuit for
connecting source terminals of two of n-type MOSFETs
each other; and
connecting gate terminals of two of n-type MOSFETs
each other.
6. A semiconductor device comprising:
a switch circuit capable of switching ON or switching OFF,
bi-directionally; and
a driving circuit for driving the switch circuit,
wherein,
the driving circuit is connected to a first power supply
comprising a first power supply voltage which is
equal to or higher than a maximum voltage of the
signal applied to the input/output terminal of the
switch circuit, and the driving circuit is connected to a
second power supply comprising a second power sup-
ply voltage which is equal to or lower than a minimum
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voltage of the signal applied to the input/output ter-
minal of the switch circuit; and
the driving circuit comprises a p-type IGBT connected
between the first power supply and the switch circuit.
7. A semiconductor device as claimed in claim 6, wherein
the p-type IGBT comprises a Zener diode.
8. A semiconductor device as claimed in claim 7, wherein
a Zener voltage of the Zener diode is equal to or higher than
a threshold voltage of an n-type MOSFET of the switch
circuit.
9. A semiconductor device as claimed in claim 6, wherein
the switch circuit is a bi-directional analog switch circuit for
connecting source terminals of two of n-type MOSFETs
each other; and
connecting gate terminals of two of n-type MOSFETs
each other.
10. An ultrasonic diagnostic apparatus, wherein the semi-
conductor device as claimed in claim 1 is utilized for
switching a wave-transmission of an ultrasonic signal to an
oscillator,
separation-switching a wave-transmission pulse generator
and a reception amplifier of the ultrasonic signal; or
switching a probe.
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