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REVERSE LEVEL SHIFT CIRCUIT AND POWER
SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a reverse level shift
circuit for converting a voltage signal on high-voltage side
to a voltage signal on low-voltage side, which is used in a
power semiconductor device.

[0003] 2. Description of the Background Art

[0004] In a HVIC (high voltage integrated circuit) on
which, for example, an inverter, its driving circuit and its
protection circuit are contained in a single chip, there is
generally a detector for detecting voltage signals. This
detector detects whether an abnormal voltage upsurge
occurs in the respective switching elements on high-voltage
side and low-voltage side of the half bridge of each phase.

[0005] FIG. 6 is a diagram illustrating an exemplary
configuration of a power semiconductor device containing a
circuit to detect whether an abnormal voltage upsurge occurs
in a switching element on high-voltage side of a single-
phase half bridge. On this circuit, for example, switching
elements SW1 and SW2 such as IGBT (insulated gate
bipolar transistor) are connected in series, and free wheel
diodes D1 and D2 are subjected to inverse-parallel connec-
tion with the switching elements SW1 and SW2, respec-
tively. These parts form a half bridge for one phase. The
switching element SW1 on high-voltage side serves as a
multi-emitter, to one output terminal of which one terminal
of a shunt resistance SH is connected. By monitoring the
value of voltage drop in the shunt resistance SH, it is
detectable whether an abnormal voltage upsurge occurs in
the switching element SW1. The other terminal of the shunt
resistance SH is connected to a connection point MP of the
switching elements SW1 and SW2.

[0006] An output signal of voltage drop in the shunt
resistance SH is, for example, converted to a digital signal
through an AD (from analog to digital) conversion circuit
AD, and then inputted to a reverse level shift circuit IS.
Hereat, the reverse level shift circuit IS functions to transfer
a signal change of voltage drop (i.e., VIN-HGND) in the
shunt resistance SH, while lowering its reference potential
from potential HGND in the connection point MP to
grounded potential GND that is a reference potential of other
circuit.

[0007] The potential HGND at the connection point MP is
high and in a float condition. For detecting output signals, it
is therefore desirable that the reference potential is lowered
to the grounded potential GND. Especially in the case of
polyphase circuits such as three-phase circuit, one micro-
processor in a HVIC detects an output signal of each phase
and judges whether it is abnormal or not (e.g., it is judged
abnormal when voltage upsurges in the shunt resistance
exist in two phases). Hence, all the reference potentials of
output signals should be lowered to the grounded potential
GND, and it is for this reason that the reverse level shift
circuit IS is present.

[0008] An output signal of the reverse level shift circuit IS
(VOUT-GND) is inputted to an abnormality detection/stop
signal output circuit DT equivalent to the above-mentioned
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microprocessor. On this circuit DT, it is detected whether
there is an abnormal voltage drop at the shunt resistance SH
in each phase, and if an abnormality is detected, a stop signal
Sc for stopping the operation of the switching element SW1
is outputted.

[0009] The stop signal Sc is applied to a control electrode
of the switching element SW1 via a level shift circuit LS and
an output circuit OU. The level shift circuit LS functions to
transfer the stop signal Sc while increasing its reference
potential from the grounded potential GND to the potential
HGND of the connection point MP. The output circuit OU
functions to amplify the output of the level shift circuit LS.

[0010] In the forgoing description, it is not essential that
an output signal of voltage drop at the shunt resistance SH
be converted to a digital signal by the AD conversion circuit
AD. For instance, if the reverse level shift circuit IS or
abnormality detection/stop signal output circuit DT can
process signals of analog input, the AD conversion circuit
AD may be omitted so as to directly input a signal change
of voltage drop to the reverse level shift circuit IS.

[0011] FIG. 7 is a diagram illustrating a conventional
configuration of a reverse level shift circuit IS. On a reverse
level shift circuit IS4, a high-side signal detecting circuit HD
comprising a comparator etc. receives an input signal VIN
and judges whether the value of voltage drop at a shunt
resistance SH is greater than a predetermined value. When
the former is larger than the latter, the high-side signal
detecting circuit HD activates output.

[0012] The output of the high-side signal detecting circuit
HD is applied via an inverter IV6 to the gate electrode of a
Pch-DMOS (P-channel double diffusion metal oxide semi-
conductor) transistor PD1. When the output of the high-side
signal detecting circuit HD is activated, the Pch-DMOS
transistor PD1 enters operating state to flow current between
its source and drain. Each circuit on the high-side is driven
by a higher potential HVCC that a power source V1 gen-
erates from the potential HGND.

[0013] Since the Pch-DMOS transistor PD1 has high
breakdown voltage and breakdown voltage characteristic of
several hundreds volt level, it functions as a high-breakdown
voltage resistance to perform reverse level shift of signals
between the potential HVCC that is high and the grounded
potential GND that is low. Current passing through the
Pch-DMOS transistor PD1 flows to a resistance RS on the
low side, at which the current is converted to a voltage
signal. A voltage drop at the resistance RS is transferred to
an inverter IV7 and an output circuit OT comprising an
amplifier etc., and then outputted as an output signal VOUT.
Each circuit on the low side is driven by a higher potential
VCC that a power source V2 generates from the grounded
potential GND.

[0014] Thus, the Pch-DMOS transistor PD1 is employed
on the reverse level shift circuit IS4. From the viewpoint of
voltage control between source and gate, in general, a
Pch-transistor is employed on a reverse level shift circuit
and a Nch-transistor is employed on a level shift circuit.
Accordingly, when a level shift circuit and a reverse level
shift circuit are allowed to coexist, it is necessary to form
Nch- and Pch-DMOS transistors in a HVIC.

[0015] In manufacturing the DMOS transistors, however,
it is difficult to form both of the Nch- and Pch-DMOS



US 2003/0012040 Al

transistors in the HVIC, while adjusting characteristics, such
as the threshold values of both transistors, to their respective
desired values. It is especially difficult to form a Pch-DMOS
transistor in a substrate at which a Nch-DMOS transistor is
present. Hence, it is desired to configure a reverse level shift
circuit without employing any Pch-DMOS transistor.

[0016] 1t can also be considered to configure a reverse
level shift circuit using photocouplers, without using any
DMOS transistor. However, the use of photocouplers
increases the number of parts, which tends to raise the cost
and results in poor reliability at high temperatures. From the
standpoint of the entire arrangement, the configuration pref-
erably contains a transistor that operates electrically.

SUMMARY OF THE INVENTION

[0017] According to a first aspect of the invention, a
reverse level shift circuit that converts an input voltage
signal using a first potential as a reference potential to an
output voltage signal using a second potential lower than the
first potential, as a reference potential, and then outputs the
output voltage signal, comprises: a voltage-current conver-
sion part operating based on the first potential, which
converts the input voltage signal to a current signal corre-
sponding to a value of the input voltage signal, then outputs
the current signal; a Nch-MOS transistor having a source to
which the second potential is applied via a load, a drain
responsive to the current signal from the voltage-current
conversion part, and a gate to which a fixed potential is
applied; and a current-voltage conversion part operating
based on the second potential, which converts current from
the source of the Nch-MOS transistor to a voltage signal
corresponding to a value of the current, and then outputs the
voltage signal as the output voltage signal.

[0018] According to a second aspect of the invention, the
reverse level shift circuit of the first aspect further com-
prises: a first current source operating based on the first
potential, which outputs current corresponding to the current
signal from the voltage-current conversion part, to the drain
of the Nch-DMOS transistor; and a second current source
operating based on the second potential, which contains the
load and outputs a current signal corresponding to the
current from the source of the Nch-MOS transistor, to the
current-voltage conversion part.

[0019] According to a third aspect of the invention, the
reverse level shift circuit of the second aspect is character-
ized in that the voltage-current conversion part contains a
first resistance to which the input voltage signal is applied to
generate the current signal; that the first current source
contains a first current mirror circuit that receives the current
signal from the voltage-current conversion part and outputs
current corresponding to the current signal; that the second
current source contains a second current mirror circuit
serving as the load, which receives the current from the
source of the Nch-MOS transistor and outputs a current
signal corresponding to the current; and that the current-
voltage conversion part contains a second resistance that
receives the current signal from the second current source to
cause a voltage drop for generating the output voltage signal.

[0020] According to a fourth aspect of the invention, the
reverse level shift circuit of the third aspect is characterized
in that the voltage-current conversion part further contains
an operational amplifier having a negative input terminal

Jan. 16, 2003

and a positive input terminal to which the input voltage
signal is applied, and a first transistor having (a) a first
current electrode, (b) a second current electrode connected
in common to the negative input terminal of the operational
amplifier and one terminal of the first resistance, and (c) a
control electrode to which output of the operational ampli-
fier is applied, the first potential is applied to the other
terminal of the first resistance; that in the current-voltage
conversion part, a third potential higher than the second
potential by a fixed value is applied to one terminal of the
second resistance; that the first current mirror circuit com-
prises a second transistor having (d) a first current electrode
connected to the first current electrode of the first transistor,
(e) a second current electrode to which a fourth potential
higher than the first potential by a fixed value, and (f) a
control electrode connected to the first current electrode, and
a third transistor having (g) a first current electrode con-
nected to the drain of the Nch-MOS transistor, (h) a second
current electrode to which the fourth potential is applied, and
() a control electrode connected to the control electrode of
the second transistor; and that the second current mirror
circuit comprises a fourth transistor having (j) a first current
electrode connected to the source of the Nch-MOS transis-
tor, (k) a second current electrode to which the second
potential is applied, and (1) a control electrode connected to
the first current electrode, and a fifth transistor having (m) a
first current electrode connected to the other terminal of the
second resistance, (n) a second current electrode to which
the second potential is applied, and (o) a control electrode
connected to the control electrode of the fourth transistor.

[0021] According to a fifth aspect of the invention, the
reverse level shift circuit of the third aspect is characterized
in: that the second current source further contains a third
current mirror circuit operating based on a third potential
that is higher than the second potential by a fixed value,
which receives a current signal from the second current
mirror circuit and then outputs a current signal correspond-
ing to the current signal, to one terminal of the second
resistance of the current-voltage conversion part; and that
the second potential is applied to the other terminal of the
second resistance.

[0022] According to a sixth aspect of the invention, the
reverse level shift circuit of the fifth aspect is characterized
in that the voltage-current conversion part further contains
an operational amplifier having a negative input terminal
and a positive input terminal to which the input voltage
signal is applied, and a first transistor having (a) a first
current electrode, (b) a second current electrode connected
in common to the negative input terminal of the operational
amplifier and one terminal of the first resistance, and (c) a
control electrode to which output of the operational ampli-
fier is applied, the first potential is applied to the other
terminal of the first resistance; that the first current mirror
circuit comprises a second transistor having (d) a first
current electrode connected to the first current electrode of
the first transistor, (e) a second current electrode to which a
fourth potential higher than the first potential by a fixed
value, and (f) a control electrode connected to the first
current electrode, and a third transistor having (g) a first
current electrode connected to the drain of the Nch-MOS
transistor, (h) a second current electrode to which the fourth
potential is applied, and (i) a control electrode connected to
the control electrode of the second transistor; that the second
current mirror circuit comprises a fourth transistor having (j)



US 2003/0012040 Al

a first current electrode connected to the source of the
Nch-MOS transistor, (k) a second current electrode to which
the second potential is applied, and (1) a control electrode
connected to the first current electrode, and a fifth transistor
having (m) a first current electrode, (n) a second current
electrode to which the second potential is applied, and (0) a
control electrode connected to the control electrode of the
fourth transistor; that the third current mirror circuit com-
prises a sixth transistor having (p) a first current electrode
connected to the first current electrode of the fifth transistor,
(q) a second current electrode to which the third potential is
applied, and (r) a control electrode connected to the first
current electrode, and a seventh transistor having (s) a first
current electrode, (1) a second current electrode to which the
third potential is applied, and (u) a control electrode con-
nected to the control electrode of the sixth transistor; and
that in the current-voltage conversion part, the first current
electrode of the seventh transistor is connected one terminal
of the second resistance, and the second potential is applied
to the other terminal of the second resistance.

[0023] According to a seventh aspect of the invention, the
reverse level shift circuit of the first aspect is characterized
in that the input voltage signal is PWM signal, and further
comprising an integrating circuit that integrates the voltage
signal from the current-voltage conversion part and outputs
the result as the output voltage signal.

[0024] According to an eighth aspect of the invention, the
reverse level shift circuit of the first aspect further comprises
a signal output part that based on the input voltage signal,
generates and outputs other output voltage signal using the
first potential as a reference potential.

[0025] According to a ninth aspect of the invention, the
reverse level shift circuit of the eighth aspect is character-
ized in that the signal output part contains an RS flip-flop
that receives at its set input terminal the input voltage signal
and outputs the mentioned other output voltage signal.

[0026] According to a tenth aspect of the invention, the
reverse level shift circuit of the first aspect further comprises
a control part that stops operation of the Nch-MOS transistor
in accordance with a change in the output voltage signal
from the current-voltage conversion part.

[0027] According to an eleventh aspect of the invention,
the reverse level shift circuit of the tenth aspect is charac-
terized in that the control part contains an RS flip-flop that
receives at its set input terminal the output voltage signal
from the current-voltage conversion part, and a switch that
applies the second potential to the gate of the Nch-MOS
transistor when output of the RS flip-flop is activated.

[0028] According to a twelfth aspect of the invention, a
power semiconductor device comprises: a reverse level shift
circuit according to the first aspect; switching elements on a
high-voltage side and a low-voltage side connected in series;
and a stop signal output circuit that receives the output
voltage signal of the reverse level shift circuit and outputs a
stop signal to stop operation of the switching element on
high-voltage side, an output voltage of the switching ele-
ment on the high-voltage side being used as the input voltage
signal applied to the reverse level shift circuit.

[0029] In the first aspect of the invention, there is the
Nch-MOS transistor having the source to which the second
potential is applied via the load, the drain responsive to the
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current signal from the voltage-current conversion part, and
the gate to which the fixed potential is applied. Since the
Nch-MOS transistor is used in common gate construction,
the value of the current gain between the drain and source is
1, so that the current signal from the voltage-current con-
version part on the high side can be directly transferred to
the current-voltage conversion part on the low side. This
enables to configure a reverse level shift circuit by employ-
ing no Pch-DMOS transistor. Therefore, even when a level
shift circuit and a reverse level shift circuit are allowed to
coexist in a single HVIC, it is unnecessary to form any
Pch-DMOS transistor in addition to a Nch-DMOS transistor,
thereby making it easy to manufacture the HVIC.

[0030] In the second aspect of the invention, by the
presence of the first and second power sources, the adverse
effect on the output impedance of the voltage-current con-
version part and the input impedance of the current-voltage
conversion part can be lessened than the case of directly
connecting the voltage-current conversion part and current-
voltage conversion part to the Nch-MOS transistor. This
results in the output voltage signal that faithfully reflects the
change of input voltage signal.

[0031] In the third or fourth aspect of the invention, the
voltage-current conversion part and current-voltage conver-
sion part contain the resistances, and the first and second
current sources contain the current mirror circuits. There-
fore, a reverse level shift circuit can be configured easily by
using these transistors and resistances.

[0032] In the fifth or sixth aspect of the invention, the
second current source further contains the third current
mirror circuit. The output of the third current mirror circuit
is applied to one terminal of the second resistance of the
current-voltage conversion part, and the second potential is
applied to the other terminal of the second resistance. This
provides an output voltage signal using the second potential
as a reference potential.

[0033] In the seventh aspect of the invention, the input
voltage signal is PWM signal, and the integrating circuit is
added. Since the input voltage signal is a pulse string of
which amplitude is constant, it is less susceptible to the
influence of the channel length modulation effect of the
Nch-MOS transistor. Therefore, it is possible to output an
output voltage signal reflecting more faithfully the signal
change prior to the PWM signal (the input voltage signal)
modulation, by integrating on the integrating circuit a volt-
age signal from the current-voltage conversion part.

[0034] In the eighth or ninth aspect of the invention, the
signal output part generates and outputs other output voltage
signal using the first potential as a reference potential.
Thereby, such other output voltage signal can be applied, as
a control signal, to the circuit that operates using the first
potential as a reference potential.

[0035] In the tenth or eleventh aspect of the invention, the
control part stops the operation of the Nch-MOS transistor
in accordance with a change of the output voltage signal
from the current-voltage conversion part. Therefore, power
consumption can be reduced by arranging such that the
control part stops the current passing through the Nch-MOS
transistor when it receives the change of the output voltage
signal.

[0036] In the twelfth aspect of the invention, the stop
signal output circuit stops the operation of the switching
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element on high-voltage side when it receives the output
voltage signal of the reverse level shift circuit. This permits
a power semiconductor device that is low in manufacturing
cost and excellent in reliability.

[0037] It is an object of the present invention to provide a
reverse level shift circuit that is low in cost and excellent in
reliability by incorporating it into a driver IC (HVIC con-
taining a level shift circuit), without using any Pch-DMOS
transistor.

[0038] These and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1is a diagram illustrating a reverse level shift
circuit according to a first preferred embodiment of the
present invention;

[0040] FIGS. 2 and 3 are diagrams illustrating in more
detail the configuration of the reverse level shift circuit of
the first preferred embodiment;

[0041] FIG. 4 is a diagram illustrating a reverse level shift
circuit according to a second preferred embodiment;

[0042] FIG. 5 is a diagram illustrating a reverse level shift
circuit according to a third preferred embodiment;

[0043] FIG. 6 is a diagram illustrating a power semicon-
ductor device containing a reverse level shift circuit; and

[0044] FIG. 7 is a diagram illustrating a conventional
reverse level shift circuit.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] First Preferred Embodiment

[0046] A first preferred embodiment of the invention aims
at realizing a reverse level shift circuit that converts an input
voltage signal on high side to a current signal, and transfers
it to low side by using a Nch-DMOS transistor in common
gate construction as a high breakdown-voltage resistance,
thereby converting the current signal to an output voltage
signal. This permits a reverse level shift circuit that is low in
cost and excellent in reliability, without employing any
Pch-DMOS transistor.

[0047] FIG. 1is adiagram illustrating the configuration of
a reverse level shift circuit IS1 according to a first preferred
embodiment. On the circuit IS1, an input voltage signal VIN
of which reference potential is high like potential HGND of
the connection point MP in FIG. 6, is converted to an output
voltage signal VOUT of which reference potential is low
like the grounded potential GND in FIG. 6, and the signal
VOUT is then outputted.

[0048] Referring to FIG. 1, the reverse level shift circuit
IS1 comprises, as a high-side circuit, a voltage-current
conversion circuit CV1 that converts an input voltage signal
VIN to a current signal corresponding to its value and then
outputs the current signal, and a current source CS1 that
outputs current corresponding to the current signal from the
voltage-current conversion circuit CV1.
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[0049] Both of the voltage-current conversion circuit CV1
and current source CS1 operate based on the potential
HGND and a higher potential HVCC that a power source V1
generates from the potential HGND.

[0050] Nch-DMOS transistor ND1 is disposed on the
reverse level shift circuit IS1. The current outputted from the
current source CS1 is applied to the drain of the Nch-DMOS
transistor ND1, and a fixed potential that a DC voltage bias
means Bl generates from the grounded potential GND is
applied to the gate of the transistor ND1.

[0051] Further, the reverse level shift circuit IS1 com-
prises, as a low-side circuit, a current source CS2 that
outputs current corresponding to a current signal from the
source of the Nch-DMOS transistor ND1, and a current-
voltage conversion circuit CV2 that converts current out-
putted from the current source CS2 to a voltage signal
corresponding to the value of the current, and then outputs
the voltage signal.

[0052] Both of the current-voltage conversion circuit CV2
and current source CS2 operate based on the grounded
potential GND and a higher potential VCC that a power
source V2 generates from the grounded potential GND.

[0053] The current source CS2 also functions as a load
connected to the source of the Nch-DMOS transistor ND1.

[0054] The operation of the reverse level shift circuit IS1
will next be described. An input voltage signal VIN (a digital
signal of binary pulse train, or an analog signal that varies
continuously) is converted to a current signal on the voltage-
current conversion circuit CV1, and the current signal is then
applied to the Nch-DMOS transistor ND1 via the current
source CS1.

[0055] Since the Nch-DMOS transistor ND1 has high
breakdown voltage and breakdown voltage characteristic of
several hundreds volt level, it can function as a high break-
down voltage resistance for performing signal reverse level
shifts between the potential HVCC that is high and the
grounded potential GND that is low.

[0056] A fixed potential is applied to the gate of the
Nch-DMOS transistor ND1, a current signal that varies is
applied from the current source CS1 to its drain, and the
current source CS2 as a load is connected to its source. That
is, the Nch-DMOS transistor ND1 is of common gate
construction. Therefore, the value of the current gain
between the drain and source is 1.

[0057] A current signal outputted from the source of the
Nch-DMOS transistor ND1 is applied via the current source
CS1 to the current-voltage conversion circuit CV2. The
current signal is converted to a voltage signal corresponding
to the value of the current signal, and then outputted as an
output voltage signal VOUT.

[0058] Thus, since the Nch-DMOS transistor ND1 is used
in common gate construction, the value of the current gain
between the drain and source can be 1. As a result, the
current signal outputted from the voltage-current conversion
circuit CV1 on high side can be directly transferred to the
current-voltage conversion circuit CV2 on low side. There-
fore, the reverse level shift circuit can be configured without
using any Pch-DMOS transistor. Even when a level shift
circuit and a reverse level shift circuit are allowed to coexist
in a single HVIC, it is unnecessary to form any Pch-DMOS
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transistor in addition to a Nch-MOS transistor, thus making
it easy to manufacture the HVIC.

[0059] Further, on the reverse level shift circuit IS1, each
of the voltage-current conversion circuit CV1 and current-
voltage conversion circuit CV2 is not directly connected to
the Nch-DMOS transistor ND1, and the current sources CS1
and CS2 are respectively interposed therebetween. Thereby,
the adverse effect on the output impedance of the voltage-
current conversion circuit CV1 and the input impedance of
the current-voltage conversion circuit CV2 can be lessened
than the case of directly connecting the circuits CV1 and
CV2 to the Nch-DMOS transistor ND1. This permits an
output voltage signal VOUT that faithfully reflects a change
of the input voltage signal VIN.

[0060] Application of the reverse level shift circuit IS1 to
the power semiconductor device of FIG. 6 results in such a
power semiconductor device that is low in manufacturing
cost and excellent in reliability.

[0061] FIGS. 2 and 3 are diagrams illustrating in more
detail the configuration of the reverse level shift circuit I1S1,
assuming the case that an input voltage signal VIN is the
value of a voltage drop itself in the shunt resistance SH of
FIG. 6, namely an analog signal.

[0062] On a reverse level shift circuit IS1a in FIG. 2, a
voltage-current conversion circuit CV1 is made up of an
operational amplifier OP1, a Nch-MOS transistor N1, and a
resistance R1. An input voltage signal VIN is applied to the
positive input terminal of an operation amplifier OP1. One
terminal of the resistance R1 and the source of the Nch-MOS
transistor N1 are connected in common to the negative input
terminal of the operational amplifier OP1. Output of the
operational amplifier OP1 is applied to the gate of the
Nch-MOS transistor N1. Potential HGND is applied to the
other terminal of the resistance R1.

[0063] The resistance R1, operational amplifier OP1, and
Nch-MOS transistor N1 form the so-called attraction type
constant current circuit. On the attraction type constant
current circuit, an input voltage signal VIN to be inputted to
the positive input terminal of the operational amplifier OP1
is applied to the resistance R1 by imaginary short, and a
change of the input voltage signal VIN is converted to a
current signal passing through the resistance R1. The value
of the current signal is proportional to the value of the input
voltage signal VIN. Then, current having the same value as
this current signal is derived from the drain of the Nch-MOS
transistor N1. That is, the attraction type constant current
circuit functions as a voltage-current conversion circuit.

[0064] The current source CS1 is made up of a current
mirror circuit containing Pch-MOS transistors P1 and P2.
On receipt of a current signal that the voltage-current
conversion circuit CV1 outputs, the current mirror circuit
outputs current having a value corresponding to the current
signal.

[0065] The current mirror circuit is, for example, con-
structed as follows. Potential HVCC is applied in common
to the sources of the Pch-MOS transistors P1 and P2. The
gate of the Pch-MOS transistor P1 is connected to its drain.
The drain of the Nch-MOS transistor N1 of the voltage-
current conversion circuit CV1 is also connected to the drain
of the Pch-MOS transistor PI. The gate of the Pch-MOS
transistor P2 is connected to the gate of the Pch-MOS
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transistor P1. The drain of the Pch-MOS transistor P2 is
connected to the drain of the Nch-DMOS transistor ND1,
thereby transferring current signals.

[0066] DC voltage bias means BI applying a fixed poten-
tial to the gate of the Nch-DMOS transistor ND1 is, for
example, made up of a DC voltage source V3.

[0067] A current source CS2 is made up of a current mirror
circuit containing Nch-MOS transistors N2 and N3 (which
serves as a load of the common gate construction), and a
current mirror circuit containing Pch-MOS transistors P3
and P4. The current mirror circuit containing the Nch-MOS
transistors N2 and N3 receives a current signal from the
Nch-DMOS transistor ND1, and then outputs current having
a value corresponding to the current signal. This output is
then transferred to the current mirror circuit containing the
transistors P3 and P4, from which current having a value
corresponding to this output is outputted again.

[0068] The current mirror circuit containing the transistors
N2 and N3 is, for example, constructed as follows. Potential
GND is applied in common to the sources of the Nch-MOS
transistors N2 and N3. The gate of the Nch-MOS transistor
N2 is connected to its drain. The source of the Nch-DMOS
transistor ND1 is also connected to the drain of the Nch-
MOS transistor N2. The gate of the Nch-MOS transistor N3
is connected to the gate of the Nch-MOS transistor N2.

[0069] The current mirror circuit containing the transistors
P3 and P4 is, for example, constructed as follows. Potential
VCC is applied in common to the sources of the Pch-MOS
transistors P3 and P4. The gate of the Pch-MOS transistor P3
is connected to its drain. The drain of the Nch-MOS tran-
sistor N3 is also connected to the drain of the Pch-MOS
transistor P3. The gate of the Pch-MOS transistor P4 is
connected to the gate of the Pch-MOS transistor P3. A
current signal outputted from the drain of the Pch-MOS
transistor P2 is applied to a current-voltage conversion
circuit CV2.

[0070] The current-voltage conversion circuit CV2 is
made up of aresistance R2. A current signal from the current
source CS2 is applied to the resistance R2, and a voltage
drop in the resistance R2 becomes an output voltage signal
VOUT.

[0071] Thus, with the arrangement such that the voltage-
current conversion circuit CV1 and current-voltage conver-
sion circuit CV2 contain the respective resistances, and the
current sources CS1 and CS2 contain the respective current
mirror circuits, a reverse level shift circuit can be configured
casily by using these transistors and resistances.

[0072] A circuit IS1b in FIG. 3 is a modification of the
circuit of FIG. 2. Specifically, the current mirror circuit
containing the transistors P3 and P4 is omitted, and the
output of the current mirror circuit containing the transistors
N2 and N3 is connected to one terminal of the resistance R2,
so as to apply potential VCC to the other terminal of the
resistance R2. With this configuration, although an output
voltage signal VOUT becomes a signal using the potential
VCC as a reference potential, the number of transistors can
be reduced.

[0073] On the other hand, with the configuration of FIG.
2, although the number of transistors is increased, it can
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provide the output voltage signal using the grounded poten-
tial GND as a reference potential.

[0074] The foregoing description has been made taking
the Nch-DMOS transistor as example. Alternatively, there
may be employed other high breakdown voltage type Nch-
MOS transistor, e.g., VMOS transistor of which gate elec-
trode is formed in a V-shape groove.

[0075] FIGS. 2 and 3 show the circuit configurations in
which the input voltage signal VIN is an analog signal. For
instance, when the input voltage signal VIN is a digital
signal, the voltage-current conversion circuit CV1 may
contain a DA (from digital to analog) conversion circuit for
applying an analog voltage signal to the resistance RI.

[0076] Second Preferred Embodiment

[0077] A second preferred embodiment is a modification
of the reverse level shift circuit of the first preferred embodi-
ment. Assuming the case that an input voltage signal VIN is
PWM signal, an integrating circuit is added which integrates
a voltage signal from the current-voltage conversion circuit
CV2 and then outputs it as an output voltage signal VOUT.

[0078] The input voltage signal VIN can be various sig-
nals, such as the digital signal that the AD conversion circuit
AD outputs, as shown in FIG. 6, or the analog signal as
described with respect to the circuits of FIGS. 2 and 3 in the
first preferred embodiment. The second preferred embodi-
ment will be described with respect to the case that the input
voltage signal VIN is PWM (pulse width modulation) pulse
signal of which pulse width is modulated.

[0079] When an input voltage signal VIN is an analog
signal, for example, the circuit of FIG. 2 or FIG. 3 of the
first preferred embodiment can provide a signal that faith-
fully reflects a signal change of the input voltage signal VIN
to some extent, as an output voltage signal VOUT.

[0080] However, strictly speaking, it can be considered
that since the signal change of the input voltage signal VIN
is subjected to the influence of the channel length modula-
tion effect of the Nch-DMOS transistor ND1, the signal
change may not be transferred exactly to the output voltage
signal VOUT.

[0081] On the other hand, when the input voltage signal
VIN is PWM signal, its voltage amplitude is constant, and
its pulse width has different lengths. Thereby, on the circuit
of FIG. 2 or FIG. 3, the value of current passing through the
resistance R1 is constant, and the length of time the current
flows is different for different pulses. In this instance, since
the current has a constant value, it is less susceptible to the
influence of the channel length modulation effect of the
Nch-DMOS transistor ND1.

[0082] Also, the value of a voltage drop in the resistance
R2 is constant, and there is outputted a PWM voltage signal
in which only the length of time the voltage is generated is
different for different pulses. Accordingly, by adding an
integrating circuit that integrates in time a voltage drop of
the resistance R2, a voltage waveform that the integrating
circuit outputs is capable of faithfully reflecting the signal
change prior to the PWM signal modulation.

[0083] In the power semiconductor device in FIG. 6, for
example, modulation to PWM signal may be performed
easily with a known PWM modulation circuit in place of the
AD conversion circuit AD.
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[0084] FIG. 4 is a diagram illustrating a reverse level shift
circuit IS2 according to the second preferred embodiment. In
FIG. 4, like parts as in the reverse level shift circuit IS1 of
the first preferred embodiment have similar reference
numerals. As shown in FIG. 4, the reverse level shift circuit
IS2 is obtained by adding an integrating circuit IN to the
reverse level shift circuit IS1. A known CR circuit or a
circuit containing an operational amplifier may be used as
the integrating circuit IN.

[0085] Otherwise, the configuration is the same as the
reverse level shift circuit of the first preferred embodiment,
and therefore, its description is omitted.

[0086] Third Preferred Embodiment

[0087] A third preferred embodiment is a modification of
the reverse level shift circuit of the first preferred embodi-
ment. Specifically, a signal output part that is capable of
outputting other output voltage signal using potential
HGND on high side, as a reference potential, is disposed.
And the reverse level shift circuit of this embodiment can
stop the operation of the Nch-DMOS transistor ND1 in
accordance with a change of an output voltage signal from
the current-voltage conversion circuit CV2.

[0088] Consider now the case that in the power semicon-
ductor device of FIG. 6, there is another circuit similar to the
abnormality detection/stop signal output circuit DT, which
operates using potential HGND on high side as a reference
potential. It may be arranged such that the reverse level shift
circuit IS generates a new output signal using potential
HGND as a reference potential, and applies it, as a control
signal, to the another circuit so as to control the switching
element SW1 on high-voltage side. For example, the stop
signal Sc of the abnormality detection/stop signal output
circuit DT may be arranged to be inputted to the control
electrode of the switching element SW2 on low-voltage
side, without passing through the level shift circuit LS. To
this end, it is necessary that on the reverse level shift circuit
IS, a new output voltage signal using potential HGND on
high side as a reference potential, is generated as a stop
signal on high side.

[0089] On the reverse level shift circuit of the first pre-
ferred embodiment, the Nch-DMOS transistor ND1 permits
current to continue flowing during the time the input voltage
signal VIN is inputted. Whereas in the case with the power
semiconductor device of FIG. 6, it can be considered that
once any abnormality is detected, from then on, no current
is needed in the Nch-DMOS transistor ND1. In this instance,
power consumption can be reduced by disposing a control
part that stops the current passing through the Nch-DMOS
transistor ND1 when it receives a change in an output
voltage signal VOUT.

[0090] The third preferred embodiment aims at realizing a
reverse level shift circuit to meet these requirements.

[0091] FIG. 5 is a diagram illustrating a reverse level shift
circuit IS3 according to the third preferred embodiment. In
FIG. 5, like parts as in the reverse level shift circuit IS1 of
the first preferred embodiment have similar reference
numerals.

[0092] Referring to FIG. 5, on the high side of the reverse
level shift circuit 1S3, there are resistances R3 and R4
connected in series between potential HVCC and potential
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HGND, and the voltage value divided by both resistances is
inputted to the negative input terminal of an operational
amplifier OP1. That is, the operational amplifier OP1 is used
as a comparator, which compares the voltage value divided
by the resistances and an input voltage signal VIN, and then
activates an output signal when the input voltage signal VIN
is greater.

[0093] Output of the operational amplifier OP1 is trans-
ferred to a Nch-MOS transistor N1 via inverters [IV1 and V2
connected in series. Hereat, the Nch-MOS transistor N1
functions as a switch.

[0094] In the third preferred embodiment, the functions of
the operational amplifier OP1 and Nch-MOS transistor N1
are different from that in the first preferred embodiment,
whereas the function of a voltage-current conversion circuit
CV1 is the same. That is, there is no change in the function
of converting an input voltage signal VIN to a current signal
in a resistance R1.

[0095] Output of the inverter IV1 is inputted via an
inverter IV3 to a set input terminal of an RS flip-flop FF1
using potential HGND as a reference potential. The RS
flip-flop FF1 corresponds to the signal output part described
at the beginning of this embodiment, and its output voltage
signal HVOUT corresponds to the mentioned other output
voltage signal. The delay time in each of the inverters IV1
to IV3 is designed so as to have a value suited for the desired
operation. A reset signal Srl from the exterior is inputted to
a reset input terminal of the RS flip-flop FF1.

[0096] Thus, by allowing the RS flip-flop FF1, namely a
signal output part, to generate and output an output voltage
signal HVOUT using potential HGND as a reference poten-
tial, it is possible to apply the output voltage signal HVOUT,
as a control signal, to the circuit that operates using the
potential HGND as a reference potential.

[0097] In addition, on the low side of the reverse level
shift circuit IS3, a Nch-MOS transistor N4 serving as a
switch is disposed between the gate of the Nch-DMOS
transistor ND1 and grounded potential GND. By controlling
the gate voltage of the transistor N4, the grounded potential
GND is applied to the gate of the Nch-DMOS transistor
ND1 so as to stop the current passing through the Nch-
DMOS transistor ND1.

[0098] RS flip-flop FF2 is disposed to control the gate
voltage of the Nch-MOS transistor N4 by its output. An
output voltage signal from a current-voltage conversion
circuit CV2 is inputted to a set input terminal of the RS
flip-flop FF2, and a reset signal Sr2 is inputted to its reset
input terminal.

[0099] Output of the RS flip-flop FF2 becomes an output
voltage signal VOUT, which is then applied via inverters
IV4 and IVS5 to the gate of the Nch-MOS transistor N4. The
delay time in each of the inverters IV4 and IVS5 is designed
so as to be a value suited for the desired operation.

[0100] The Nch-MOS transistor N4 and RS flip-flop FF2
correspond to the control part described at the beginning of
this embodiment, and function to stop the operation of the
Nch-DMOS transistor ND1 in accordance with a change of
the output voltage signal from the current-voltage conver-
sion circuit CV2. Therefore, power consumption can be
reduced by arranging such that the control part stops the
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current passing through the Nch-DMOS transistor ND1
when it receives a change in the output voltage signal
VOUT.

[0101] Otherwise, the configuration is the same as the
reverse level shift circuit of the first preferred embodiment,
and therefore, its description is omitted.

[0102] While the invention has been shown and described
in detail, the foregoing description is in all aspects illustra-
tive and not restrictive. It is therefore understood that
numerous modifications and variations can be devised with-
out departing from the scope of the invention.

What is claimed is:

1. A reverse level shift circuit that converts an input
voltage signal using a first potential as a reference potential
to an output voltage signal using a second potential lower
than said first potential, as a reference potential, and then
outputs said output voltage signal,

said reverse level shift circuit comprising:

a voltage-current conversion part operating based on
said first potential, which converts said input voltage
signal to a current signal corresponding to a value of
said input voltage signal, then outputs said current
signal;

a Nch-MOS transistor having a source to which said
second potential is applied via a load, a drain respon-
sive to the current signal from said voltage-current
conversion part, and a gate to which a fixed potential
is applied; and

a current-voltage conversion part operating based on
said second potential, which converts current from
said source of said Nch-MOS transistor to a voltage
signal corresponding to a value of said current, and
then outputs said voltage signal as said output volt-
age signal.

2. The reverse level shift circuit according to claim 1
further comprising:

a first current source operating based on said first poten-
tial, which outputs current corresponding to said cur-
rent signal from said voltage-current conversion part, to
said drain of said Nch-MOS transistor; and

a second current source operating based on said second
potential, which contains said load and outputs a cur-
rent signal corresponding to said current from said
source of said Nch-MOS transistor, to said current-
voltage conversion part.

3. The reverse level shift circuit according to claim 2

wherein

said voltage-current conversion part contains a first resis-
tance to which said input voltage signal is applied to
generate said current signal;

said first current source contains a first current mirror
circuit that receives said current signal from said volt-
age-current conversion part and outputs current corre-
sponding to said current signal;

said second current source contains a second current
mirror circuit serving as said load, which receives said
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current from said source of said Nch-MOS transistor
and outputs a current signal corresponding to said
current; and

said current-voltage conversion part contains a second
resistance that receives said current signal from said
second current source to cause a voltage drop for
generating said output voltage signal.
4. The reverse level shift circuit according to claim 3
wherein

said voltage-current conversion part further contains

an operational amplifier having a negative input termi-
nal and a positive input terminal to which said input
voltage signal is applied, and

a first transistor having (a) a first current electrode, (b)
a second current electrode connected in common to
said negative input terminal of said operational
amplifier and one terminal of said first resistance,
and (c) a control electrode to which output of said
operational amplifier is applied,

said first potential is applied to the other terminal of said
first resistance;

in said current-voltage conversion part, a third potential
higher than said second potential by a fixed value is
applied to one terminal of said second resistance;

said first current mirror circuit comprises

a second transistor having (d) a first current electrode
connected to said first current electrode of said first
transistor, (¢) a second current electrode to which a
fourth potential higher than said first potential by a
fixed value, and (f) a control electrode connected to
said first current electrode, and

a third transistor having (g) a first current electrode
connected to said drain of said Nch-MOS transistor,
(h) a second current electrode to which said fourth
potential is applied, and (i) a control electrode con-
nected to said control electrode of said second tran-
sistor; and

said second current mirror circuit comprises

a fourth transistor having (j) a first current electrode
connected to said source of said Nch-MOS transistor,
(k) a second current electrode to which said second
potential is applied, and (1) a control electrode con-
nected to said first current electrode, and

a fifth transistor having (m) a first current electrode
connected to the other terminal of said second resis-
tance, (n) a second current electrode to which said
second potential is applied, and (o) a control elec-
trode connected to said control electrode of said
fourth transistor.

5. The reverse level shift circuit according to claim 3
wherein

said second current source further contains a third current
mirror circuit operating based on a third potential that
is higher than said second potential by a fixed value,
said third current mirror circuit receiving a current
signal from said second current mirror circuit and
outputting a current signal corresponding to said cur-
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rent signal, to one terminal of said second resistance of
said current-voltage conversion part; and

said second potential is applied to the other terminal of
said second resistance.

6. The reverse level shift circuit according to claim 5
wherein

said voltage-current conversion part further contains

an operational amplifier having a negative input termi-
nal and a positive input terminal to which said input
voltage signal is applied, and

a first transistor having (a) a first current electrode, (b)
a second current electrode connected in common to
said negative input terminal of said operational
amplifier and one terminal of said first resistance,
and (c) a control electrode to which output of said
operational amplifier is applied,

said first potential is applied to the other terminal of said
first resistance;

said first current mirror circuit comprises

a second transistor having (d) a first current electrode
connected to said first current electrode of said first
transistor, (¢) a second current electrode to which a
fourth potential higher than said first potential by a
fixed value, and (f) a control electrode connected to
said first current electrode, and

a third transistor having (g) a first current electrode
connected to said drain of said Nch-MOS transistor,
(h) a second current electrode to which said fourth
potential is applied, and (i) a control electrode con-
nected to said control electrode of said second tran-
sistor;

said second current mirror circuit comprises

a fourth transistor having (j) a first current electrode
connected to said source of said Nch-MOS transistor,
(k) a second current electrode to which said second
potential is applied, and (1) a control electrode con-
nected to said first current electrode, and

a fifth transistor having (m) a first current electrode, (n)
a second current electrode to which said second
potential is applied, and (o) a control electrode
connected to said control electrode of said fourth
transistor;

said third current mirror circuit comprises

a sixth transistor having (p) a first current electrode
connected to said first current electrode of said fifth
transistor, (q) a second current electrode to which
said third potential is applied, and (r) a control
electrode connected to said first current electrode,
and

a seventh transistor having (s) a first current electrode,
(t) a second current electrode to which said third
potential is applied, and (u) a control electrode
connected to said control electrode of said sixth
transistor; and



US 2003/0012040 Al

in said current-voltage conversion part, said first cur-
rent electrode of said seventh transistor is connected
one terminal of said second resistance, and said
second potential is applied to the other terminal of
said second resistance.

7. The reverse level shift circuit according to claim 1
wherein

said input voltage signal is PWM signal,
said reverse level shift circuit further comprising:

an integrating circuit that integrates said voltage signal
outputted from said current-voltage conversion part
and outputs the result as said output voltage signal.

8. The reverse level shift circuit according to claim 1
further comprising:

a signal output part that based on said input voltage signal,
generates and outputs other output voltage signal using
said first potential as a reference potential.

9. The reverse level shift circuit according to claim 8
wherein

said signal output part contains an RS flip-flop that
receives at its set input terminal said input voltage
signal and outputs said other output voltage signal.
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10. The reverse level shift circuit according to claim 1
further comprising:

a control part that stops operation of said Nch-MOS
transistor in accordance with a change in said output
voltage signal from said current-voltage conversion
part.

11. The reverse level shift circuit according to claim 10

said control part containing:

an RS flip-flop that receives at its set input terminal said
output voltage signal from said current-voltage conver-
sion part; and

a switch that applies said second potential to said gate of
said Nch-MOS transistor when output of said RS
flip-flop is activated.

12. A power semiconductor device comprising:

a reverse level shift circuit according to claim 1;

switching elements on a high-voltage side and a low-
voltage side connected in series; and

a stop signal output circuit that receives said output
voltage signal of said reverse level shift circuit and
outputs a stop signal to stop operation of said switching
element of high-voltage side,

an output voltage of said switching element on said
high-voltage side being used as said input voltage
signal applied to said reverse level shift circuit.
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