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(57) ABSTRACT 

A temperature detecting apparatus includes a temperature 
detecting circuit configured to output a first pulse signal 
according to a temperature detected by a temperature sensor, 
and an insulating transformer configured to transmit the first 
pulse signal to an integrated circuit which is operated by an 
operation voltage different from that of the temperature 
detecting circuit. The insulating transformer is installed 
between the temperature detecting circuit and the integrated 
circuit. The temperature detecting circuit and the insulating 
transformer are mounted on a common Substrate. 
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0016 FIG. 2 is a view illustrating a circuit configuration of 
the temperature detecting apparatus of the first embodiment. 
0017 FIG. 3 is a view illustrating an example of an insu 
lating transformer Stacked structure disposed in the tempera 
ture detecting apparatus of the first embodiment. 
0018 FIGS. 4A to 4C are views illustrating a mounted 
state of circuit elements of the temperature detecting appara 
tus of the first embodiment. 
0019 FIG. 5 is a view illustrating a configuration example 
of a device using the temperature detecting apparatus of the 
first embodiment. 
0020 FIG. 6 is a view illustrating a circuit configuration 
example of a temperature detecting circuit of the first embodi 
ment. 

0021 FIG. 7 is a view illustrating a circuit configuration of 
a temperature detecting circuit of a second embodiment. 
0022 FIG. 8 is a view illustrating a time chart in a digital 
comparison circuit of the circuit of FIG. 7. 
0023 FIG.9 is a view illustrating a block configuration of 
a driving type device using a power semiconductor module of 
a third embodiment. 
0024 FIG. 10 is a view illustrating a circuit configuration 
of the power semiconductor module of the third embodiment. 
0025 FIG. 11 is a view illustrating a circuit configuration 
example of a temperature detecting circuit of the third 
embodiment. 

DETAILED DESCRIPTION 

0026. Embodiments of the present disclosure will now be 
described with reference to the accompanying drawings. In 
the following description, regarding the drawings, like or 
similar reference numerals are used for like or similar parts. 
However, the drawings are schematic and it should be noted 
that the relationships between thickness and planar dimen 
sions, rates of thicknesses of respective layers or the like are 
different from real ones. Thus, specific thicknesses or dimen 
sions should be determined in consideration of the following 
description. Further, parts in which mutual dimension rela 
tionships or rates are different are included in mutual draw 
ings. 
0027. Also, embodiments described hereinafter exemplify 
an apparatus or a method for embodying a technical concept 
of the present disclosure, and in embodiments of the present 
disclosure, materials, configurations, depositions and the like 
of constituent elements are not specified to those described 
hereinafter. The embodiments of the present disclosure may 
be variably modified in the scope of claims. 

First Embodiment 

0028. Hereinafter, a first embodiment of the present dis 
closure will be described in detail with reference to FIGS. 1 to 
6 
0029. A temperature detecting apparatus of the first 
embodiment includes a temperature detecting circuit 76 
(shown in FIG. 5) configured to output a first pulse signal 
according to a temperature detected by a temperature sensor 
35 (shown in FIG. 2), and insulating transformers 70 and 71 
(shown in FIG. 2) configured to transmit the first pulse signal 
to an integrating circuit which operates at an operation Volt 
age different from that of the temperature detecting circuit 76. 
The insulating transformers 70 and 71 are installed between 
the temperature detecting circuit 76 and the integrated circuit. 
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The temperature detecting circuit 76 and the insulating trans 
formers 70 and 71 are mounted on a common substrate. 
0030. In the insulating transformers 70 and 71, primary 
coils 70a and 71a through which currents flow based on the 
first pulse signal from the temperature detecting circuit 76, 
and secondary coils 70b and 71b which are configured to 
generate a current to be transmitted to the integrated circuit 
may be formed at upper and lower portions of the insulating 
transformers 70 and 71 with a dielectric layer interposed 
therebetween. 
0031. Further, the temperature detecting circuit 76 outputs 
a second pulse signal when the temperature detected by the 
temperature sensor 35 reaches a predetermined limit value, 
and the insulating transformers 70 and 71 are configured to 
transmit the second pulse signal from the temperature detect 
ing circuit 76 to the integrated circuit. 
0032 Pulse generators 4 and 5, which shape pulse widths 
of a high level and a low level of the first pulse signal or the 
second pulse signal, generate a pulse having a width smaller 
than those of the pulse signals and output the same, are 
installed in the vicinity of the primary coils of the insulating 
transformers 70 and 71. 
0033. A signal demodulation circuit, which is configured 
to demodulate a pulse signal having a waveform shaped by 
the pulse generators 4 and 5 into a signal having the original 
pulse width, may be configured behind the secondary coil of 
the insulating transformers 70 and 71, which are configured to 
generate a current to be transmitted to the integrated circuit. 
0034. An insulating signal transmission circuit 1000 illus 
trated in FIG. 1 includes a primary circuit 80 and a secondary 
circuit 81. 
0035. The insulating signal transmission circuit 1000 
executes the transmission of a signal from the primary circuit 
80 to the secondary circuit 81 and conversely executes the 
transmission of a signal from the secondary circuit 81 to the 
primary circuit 80, as well as executing insulation between 
the primary circuit 80 and the secondary circuit 81. Thus, a 
circuit for controlling a signal transmission is included in the 
insulating signal transmission circuit 1000. Further, in an 
actual device, for example, the primary circuit 80 may be used 
as a high Voltage circuit and the secondary circuit 81 may be 
used as a low Voltage circuit. 
0036. The primary circuit 80 and the secondary circuit 81 
are configured as symmetrical circuits, and here, the primary 
circuit 80 may be used as a low voltage circuit and the sec 
ondary circuit 81 may be used as a high Voltage circuit. 
0037. The primary circuit 80 includes a UVLO (Under 
Voltage-Lockout; low Voltage malfunction preventing) circuit 
1, inverters 2, 3, 6, and 7, the pulse generators 4 and 5, an RS 
flip-flop 8, a buffer 9, and a resistor 10. The inverter 2 and the 
resistor 10 may function as a buffer. The UVLO (low voltage 
malfunction preventing) circuit 1 monitors a power Source 
voltage VCC1. When the power source voltage VCC1 is 
lower than a predetermined voltage, the UVLO (low voltage 
malfunction preventing) circuit 1 stops the pulse generators 4 
and 5 or the RS flip-flop 8 and locks out an operation of 
stopping input/output signals. Further, when the power 
source voltage VCC1 is returned to have a normal voltage 
value, the UVLO circuit 1 is released to start a normal opera 
tion. 
0038. Insulting transformers 31 and 32 are installed to link 
the primary circuit 80 and the secondary circuit 81. The 
insulating transformer 31 is composed of an inductor 31a and 
an inductor 31b insulated from the inductor 31a. The insulat 
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ing transformer 32 is composed of an inductor 32a and an 
inductor 32b insulated from the inductor 32a. 
0039. The insulating transformer 31, insulating the pri 
mary circuit 80 and the secondary circuit 81, transmits a 
signal from the primary circuit 80 to the secondary circuit 81. 
Similarly, the insulating transformer 32 transmits a signal 
from the secondary circuit 81 to the primary circuit 80, even 
while insulating the primary circuit 80 and the secondary 
circuit 81. 
0040. The secondary circuit 81 includes a UVLO (low 
Voltage malfunction preventing) circuit 11, inverters 12 and 
13, pulse generators 14 and 15, inverters 16 and 17, an RS 
flip-flop. 18, a buffer 19, and a resistor 20. 
0041. The inverter 12 and the resistor 20 also achieve the 
role of a buffer. The UVLO (low voltage malfunction pre 
venting) circuit 11 monitors a power source Voltage VCC2, 
and its operation is the same as that of the UVLO circuit 1, so 
a description thereof will be omitted. 
0042. When a square-wave pulse signal input to a terminal 
IN1 of the primary circuit 80 is transmitted as is to the sec 
ondary circuit 81 through the insulating transformer 31, a 
current corresponding to time of a pulse width of the pulse 
signal flows to the insulating transformer 31. Thus, if the 
pulse width becomes long, power consumption increases. In 
order to prevent the increase of power consumption, the pulse 
generators 4 and 5 shape the input pulse signal Such that a 
pulse width thereof is narrowed, and output the shaped pulse 
signal. Since the pulse signal is formed to have high and low 
level pulses being alternated, the pulse generator4 configured 
to narrow the high level pulse width and the pulse generator 5 
configured to narrow the low level pulse width are installed. 
0043. Similarly, when a square-wave pulse signal input to 
a terminal IN2 of the secondary circuit 81 is transmitted as is 
to the primary circuit 80 through the insulating transformer 
32, a current corresponding to time of a pulse width of the 
pulse signal flows to the insulating transformer 32. Thus, if 
the pulse width becomes longer, power consumption 
increases. In order to prevent the increase of power consump 
tion, the pulse generators 14 and 15 shape the input pulse 
signal Such that a pulse width thereof is narrowed, and output 
the shaped pulse signal. The pulse generator 14 configured to 
narrow the high level pulse width and the pulse generator 15 
configured to narrow the low level pulse width are installed. 
0044. Here, the pulse generators 4, 5, 14, and 15 generate 
a pulse having a width narrower than that of the original signal 
by using the rise of the pulse signal as a trigger, and all of the 
pulse generators may have the same circuit configuration. The 
primary circuit 80 is configured to be grounded at GND1, and 
the secondary circuit 81 is configured to be grounded at the 
GND2. The primary circuit 80 and the secondary circuit 81 
are not configured to have a common ground line, so a ground 
potential of the primary circuit 80 and that of the secondary 
circuit 81 are different. 
0045. Next, an operation of the insulating signal transmis 
sion circuit 1000 will be described. The pulse signal input to 
the terminal IN1 of the primary circuit 80 is inverted in the 
inverter 2. The inverted signal is input to the pulse generator 
5. The pulse generator 5 generates a pulse having a width 
narrower than that of the original pulse signal by using the rise 
of the inverted signal as a trigger, and then outputs the pulse 
to the primary inductor 31a of the insulating transformer 31. 
Due to a change in current in response to the pulse Supplied to 
the primary inductor 31a of the insulating transformer 31, a 
current is generated from the secondary inductor 31b of the 
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insulating transformer 31, and then supplied to the RS flip 
flop 18 through the inverters 16 and 17. 
0046 Whether a high level signal is to be input to a termi 
nal S or to a terminal Rof the RS flip-flop 18 is determined by 
a direction of the current flowing across the secondary induc 
tor 31b. In this case, a high level signal is input to the terminal 
R of the RS flip-flop 18 and a low level signal is input to the 
terminal S, and an output Q has a low level signal. The low 
level signal from the output Q is output to OUT1 through the 
buffer 19. 
0047. Since the pulse supplied to the primary inductor 31a 
of the insulating transformer 31 is based on the inverted signal 
of the pulse signal input to the terminal IN1, the pulse was 
generated in response to the drop of the pulse signal input to 
the terminal IN1. The insulating transformer 31 is operated 
based on a low level pulse of the pulse signal input to the 
terminal IN1 to generate a low level pulse in the RS flip-flop 
18, and this causes the low level pulse portion of the pulse 
signal input to the terminal IN1 to be demodulated. 
0048 Meanwhile, the inverted signal which was inverted 
in the inverter 2 is again inverted in the inverter 3 so as to be 
returned to its original state, that is, the state of the pulse 
signal which was input to the terminal IN1. By using the rise 
of the pulse signal as a trigger, the pulse generator 4 generates 
a pulse having a width narrower than that of the original signal 
and outputs the pulse to the primary inductor 31a of the 
insulating transformer 31. Due to a change in current accord 
ing to the pulse supplied to the primary inductor 31a of the 
insulating transformer 31, a current is generated from the 
secondary inductor 31b of the insulating transformer 31, and 
then supplied to the RS flip-flop 18 through the inverters 16 
and 17. 
0049. In this case, when a pulse is generated from the pulse 
generator 4, the direction of the current flowing across the 
primary inductor 31a is opposite, so the direction of the 
current flowing across the secondary inductor 31b is also 
opposite. Also, a high level signal is input to the terminal S of 
the RS flip-flop 18 and a low level signal is input to the 
terminal R, so that the output Q has a high level signal. The 
high level signal from the output Q is output to OUT1 through 
the buffer 19. 
0050. In the above description, the insulating transformer 
31 is operated based on the high level pulse of the pulse signal 
input to the terminal IN1, and a high level pulse is generated 
from the RS flip-flop. 18, which causes the high level pulse 
portion of the pulse signal input to the terminal IN1 to be 
demodulated. 
0051. In this manner, by using the pulse generators 4 and 
5, the RS flip-flop 18, etc., the pulse signal input to the 
primary circuit 80 can be demodulated by the secondary 
circuit 81, while restraining power consumption for driving 
the insulating transformer 31. 
0.052 Meanwhile, an operation of transmitting a pulse 
signal input to IN2 of the secondary circuit 81 to OUT2 of the 
primary circuit 80 through the pulse generators 14 and 15, the 
RS flip-flop 8 and the like is the same as the operation of 
transmitting the pulse signal input to IN1 as described above, 
so a description thereof will be omitted. 
0053 Next, an example of a configuration of the tempera 
ture detecting circuit will be described with reference to FIG. 
6. First, the external temperature sensor 35 is configured to 
include two diodes connected in series. The temperature sen 
sor 35 is installed in the vicinity of a switching element such 
as a powertransistor. In the present embodiment, in which the 
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temperature sensor 35 is configured as diodes, the diodes as a 
temperature sensor has the characteristic that a forward volt 
age is reduced when the temperature is increased under a 
condition of a constant current. The temperature of a Switch 
ing element such as a power transistor may be measured by 
Supplying a predetermined current to the diode and measur 
ing a forward Voltage. 
0054 As described above, since there is a need to make a 
constant current flow to the diodes of the temperature sensor 
35, a constant current source includes an amplifier 41 func 
tioning as an operational amplifier, a FET 42, and a current 
mirror circuit 43. The current mirror circuit 43 includes Ptype 
MOSFETs 43a and 43b. A gate of the FET 43a and a gate of 
the FET 43b are connected, and a drain of the FET 43a and a 
drain of the FET 43b are also connected. The FET 43b is also 
connected to a diode. 

0055. If a current flowing between the drain and a source 
of the FET 43b is determined, a current flowing between the 
drain and a source of the FET 43a is also determined. The 
amplifier 41 and the N type MOSFET 42 constitute a power 
amplifier. 
0056. A temperature detection voltage TAIN detected by 
the temperature sensor 35 is input to an AD conversion circuit 
44. The AD conversion circuit 44 is configured as a so-called 
sequential comparison AD conversion circuit. The TAIN sig 
nal converted into a digital value in the AD conversion circuit 
44 is input to a digital comparison circuit 45. 
0057 The digital comparison circuit 45 is configured as a 
counter, a digital comparator, or the like. An oscillation circuit 
46 generates a clock pulse of a predetermined frequency, and 
the clocks from the oscillation circuit 46 are counted by a 
counter within the digital comparison circuit 45 to generate a 
digital triangular signal. The digital comparison circuit 45 
includes a digital comparator to compare the digital triangular 
signal and the TAIN signal which has been converted into a 
digital value. When the TAIN signal having a digital value is 
greater than the digital triangular signal, the digital compari 
son circuit 45 outputs a high level signal. When the TAIN 
signal having a digital value is Smaller than the digital trian 
gular signal, the digital comparison circuit 45 outputs a low 
level signal. 
0058. The output signal from the digital comparison cir 
cuit 45 is then output to an inverter circuit. The inverter circuit 
includes an N type MOSFET37 and a P type MOSFET36. A 
source of the FET 36 and a drain of the FET37 are connected, 
and a gate of the FET 36 and a gate of the FET 37 are also 
connected. An output signal from the digital comparison cir 
cuit 45 is input to the gate of the FET 36 and the gate of the 
FET 37. 

0059. The output signal from the digital comparison cir 
cuit 45 is inverted by the inverter according to the FETs 36 
and 37 so as to be output as a TOUT signal. Further, a signal 
of a terminal VTO indicates a high level value of the TOUT 
signal. Thus, the size of the temperature from the temperature 
sensor 35 is detected by a pulse width of the TOUT signal or 
by a duty signal. 
0060 Here, a FAL signal also included in a connection 
terminal will be described. The FAL signal indicates that the 
temperature detected by the temperature sensor 35 is consid 
erably high, while the temperature detection Voltage signal 
TAIN is extremely low. That is, the FAL signal is generated 
when the temperature detected by the temperature sensor 35 
reaches a limit value. 
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0061 ADC power source is connected to a minus terminal 
of a comparator 49. A voltage value of the DC power source 
is set to be a Voltage corresponding to the limit value of the 
temperature. Meanwhile, the temperature detection voltage 
signal TAIN is input to a plus terminal of the comparator 49. 
When the temperature detection voltage signal TAIN is 
higher than a Voltage value of the DC power source, a high 
level signal is output from the comparator 49. The high level 
signal from the comparator 49 is input to the gate of an N type 
MOSFET 38. Accordingly, the FET 38 is turned on and the 
FAL terminal has a low level. 
0062 Meanwhile, when the detected temperature is 
decreased and so the temperature detection Voltage signal 
TAIN becomes lower than the voltage value of the DC power 
source, the output from the comparator 49 is reversed into a 
low level signal. The low level signal from the comparator 49 
is input to the gate of the N type MOSFET 38. Accordingly, 
the FET 38 is turned off and the FAL terminal has a high level. 
In this manner, it is detected that a temperature rise of the 
temperature detection target has reached a limit. The FAL 
signal is transmitted to an external control device or the like, 
and used as a control signal for stopping an operation of the 
temperature detection target, etc. 
0063 A temperature detecting apparatus 90 of FIG. 2 is 
configured by combining the insulating signal transmission 
circuit 1000 of FIG. 1 and the temperature detecting circuit 76 
of FIG. 5. Circuit elements denoted by the same reference 
numerals as those of the temperature detecting circuit of FIG. 
6 perform the same operations as those of the circuits of FIG. 
6. So a description of the temperature detecting circuit as a 
high voltage side circuit will be omitted. 
0064. In the temperature detecting apparatus in FIG. 2, 
unlike the insulating signal transmission circuit 1000 of FIG. 
1, a bi-directional signal transmission is not performed 
between the primary circuit and the second circuit separated 
in an insulating transformer circuit 101, and a uni-directional 
signal is transmitted from the temperature detecting circuit 
100 to a signal demodulation circuit 102. 
0065. Thus, in order to restrain power consumption of the 
insulating transformers 31 and 32 as described above with 
reference to FIG. 1, a pulse generator which shapes an input 
pulse signal Such that it has a narrow pulse width and outputs 
the pulse signal is installed only in the temperature detecting 
circuit 100. Also, the signals output from the temperature 
detecting circuit 100 are two types of signals, namely, a 
TOUT signal as a temperature detection signal and a FAL 
signal indicating that the temperature has reached a limit 
temperature. As for a signal transmission path of single type 
signal, as described above with reference to FIG. 1, a pulse 
generator for narrowing a pulse width of a high level of the 
input pulse signal and a pulse generator for narrowing a pulse 
width of a low level of the input pulse signal are required. 
0.066 For this reason, as shown in FIG. 2, a first pulse 
generator 52 and a second pulse generator 53 are installed so 
that they transmit the pulse signal corresponding to the 
detected temperature output from the digital comparison cir 
cuit 45. Further, a third pulse generator 54 and a fourth pulse 
generator 55 are installed for transmitting the FAL signal, 
which indicates that the temperature has reached a limit tem 
perature output from the comparator 49. 
0067. The configurations in FIGS. 1 and 2 may correspond 
to each other as follows. The inverter 2 in FIG. 1 corresponds 
to an inverter 47 in FIG. 2, the inverter 3 corresponds to an 
inverter 48, the pulse generator 4 corresponds to the first pulse 
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generator 52, the pulse generator 5 corresponds to the second 
pulse generator 53, the insulating transformer 31 corresponds 
to the insulating transformer 70, the inverter 16 corresponds 
to an inverter 56, the inverter 17 corresponds to an inverter 57. 
the RS flip-flop 18 corresponds to an RS flip-flop 60, and the 
buffer 19 corresponds to a buffer 62. 
0068 Thus, since the operation of FIG. 2 is the same as 
that of FIG. 1 as described above, a description of the corre 
sponding circuits of FIG. 2 and a description of the signal 
demodulation circuit 102 will be omitted. Further, an inverter 
50, an inverter 51, the third pulse generator 54, the fourth 
pulse generator 55, the insulating transformer 71, an inverter 
58, an inverter 59, an RS flip-flop 61, and a buffer 63, which 
constitute a signal system for transmitting and demodulating 
the FAL signal output from a comparator 49, are operated as 
described above, so a description thereof will also be omitted. 
0069. Here, the temperature detecting circuit 100 and the 
insulating transformer circuit 101 are formed on the same 
Substrate (the same frame). The insulating transformer circuit 
101, to which a power source voltage is not required to be 
Supplied, can obtain a current signal according to a magnetic 
mutual induction, so the insulating transformer circuit 101 
may use a common Substrate with the temperature detecting 
circuit 100. 
0070 A state in which the temperature detecting apparatus 
of FIG. 2 as a package is mounted on the Substrate is shown in 
FIGS 4A to 4C. 
0071 FIG. 4A shows a photograph image of an interior 
viewed from a package surface. FIG. 4B is an enlarged pho 
tograph image of FIG. 4A, in which the object positioned at 
the center is equivalent to the insulating transformer circuit 
101. Further, the object disposed at the left of the object 
positioned at the center is equivalent to the temperature 
detecting circuit 100, and the object disposed at the right of 
the object disposed at the center is equivalent to the signal 
demodulation circuit 102, both of which are opposite each 
other. 
0072 A plastic mold is formed at a portion S between the 
insulating transformer and the signal demodulation circuit. 
0073. The insulating transformer is configured as a chip 
and is formed on the same Substrate on which the temperature 
detecting circuit is formed, and a copper island is formed on 
a rear surface thereof. FIG. 4C shows a structure projected 
from the rear surface on which the copper island is formed. A 
bonding pad is formed on the copper island, and a copper coil 
is formed at an inner side of the copper island. 
0074. A stacked structure of the insulating transformer 
formed as a chip is shown in FIG. 3. 
0075. A silicon (Si) substrate is formed on the copper 
island, and a primary or secondary copper coil is formed on 
the silicon substrate. 

0076 A dielectric layer made of SiO, or the like is stacked 
to cover the copper coil. A secondary or primary copper coil 
is formed on the dielectric layer. In this manner, the primary 
coil and the secondary coil are electrically insulated by the 
dielectric layer. FIG. 4C is a rear projected view of this. 
0077 Next, an example of a device to which the tempera 
ture detecting apparatus of the present embodiment is applied 
is shown in FIG. 5. FIG. 5 illustrates an example of a driving 
system apparatus 400 in which signals are transmitted in both 
directions between a low voltage substrate 410 and a high 
voltage substrate 411 of an automobile. The low voltage 
substrate 410 is mainly configured by an ECU 72. ECU is 
called an electronic control unit or an engine control unit, 
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which executes controlling of an engine, controlling of a 
driving system or a steering system, etc., by a computer. 
0078. The high voltage substrate 411 includes a power 
semiconductor module 77 for driving a motor 412. An insu 
lating gate bipolar transistor (IGBT) is illustrated as a power 
switching element of the power semiconductor module 77. A 
gate of each IGBT is connected to a gate driver 75. 
0079 A control signal output from the ECU 72 is trans 
mitted to the gate driver 75 through an isolator 73. A driving 
signal from the gate driver 75 is output according to the 
control signal from the ECU 72. PWM (Pulse-width modu 
lation) controlling is performed by the driving signal, and six 
IGBTs of the power semiconductor module 77 are turned on 
or off at a desired timing to generate 3-phase AC power for 
driving the motor 412. 
0080 Meanwhile, the temperature is detected by a tem 
perature sensor (not shown) installed in the vicinity of the 
IGBTs of the power semiconductor module 77, and the 
detected signal is input to the temperature detecting circuit 76 
and converted into a pulse signal so as to be output and 
transmitted to the ECU 72 through an isolator 74. In the 
related art, a photocoupler is used as an isolator, but in the 
present embodiment, an insulating transformer is used and a 
temperature detecting apparatus 90 formed by packaging a 
temperature detecting circuit 76 and the isolator 74 is used. 
The temperature detecting apparatus 90 of FIG. 5 is the tem 
perature detecting apparatus 90 illustrated in FIG. 2. 

Comparative Example 

I0081. In a comparative example, in a vehicle system in 
which a vehicle body with a power switching element 
mounted therein is used for a reference potential, a low volt 
age Substrate and a high Voltage Substrate are connected, the 
low Voltage Substrate and the high Voltage Substrate are insu 
lated, and a power card is mounted on the high Voltage Sub 
Strate. 
I0082. The power card is packaged by mounting a power 
Switching element and a diode as a temperature sensor 
thereon. 
I0083. With this configuration, the power switching ele 
ment constitutes an inverter connected to a rotary electric 
machine used for running a vehicle. The rotary electric 
machine used for running a vehicle may be a rotary electric 
machine as a main machine for a vehicle, a generator for 
charging a high Voltage battery for Supplying power to the 
rotary electric machine as the main machine for a vehicle, etc. 
Meanwhile, the temperature sensor is disposed in the vicinity 
of the power switching element to detect the temperature. 
I0084. Further, a temperature detecting circuit configured 
to change a temperature detection signal into a PWM signal is 
mounted on the high Voltage Substrate. The low Voltage Sub 
strate and the high Voltage Substrate are insulated by a pho 
tocoupler, and the photocoupler is an insulating unit for trans 
mitting a signal from one of the Substrates to the other, while 
insulating both Substrates. 
I0085. In general, the photocoupler may be used as an 
insulating element for insulating the high Voltage substrate 
and the low Voltage Substrate, so the photocoupler and the 
temperature detecting circuit are separately installed in a 
package, rather than being disposed on the same Substrate. 
I0086. Further, the photocoupler may include a light emit 
ting diode (LED) of a transmission side and a photodiode of 
a reception side. The LED is disposed at the temperature 
detecting circuit of a high Voltage side and the photodiode is 
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disposed at a low Voltage Substrate. In this manner, an opera 
tion voltage of the LED and that of the photodiode are differ 
ent and cannot be manufactured on a common Substrate, and 
it is difficult to form the LED and the photodiode in the same 
package. 
0087. In the temperature detecting apparatus of the first 
embodiment, the insulating transformers 70 and 71 are 
formed between the temperature detecting circuit 100 for 
outputting the first pulse signal according to a temperature 
detected by the temperature sensor 35 and an integrated cir 
cuit operating at an operation Voltage different from that of 
the temperature detecting circuit 100, and the first pulse sig 
nal is transmitted from the temperature detecting circuit 100 
to the integrated circuit, while maintaining an insulating State 
between the insulating transformers 70 and 71. 
0088. In this manner, since the insulating transformers 70 
and 71 are used, there is no need to supply different voltages 
to the insulating transformers 70 and 71, and a signal trans 
mission according to a magnetic change is executed. Thus, 
the temperature detecting circuit 100 and the insulating trans 
formers 70 and 71 can be mounted on a common substrate, 
and the apparatus can be reduced in size. 

Second Embodiment 

0089. Hereinafter, a second embodiment of the present 
disclosure will be described in detail with reference to FIGS. 
7 and 8. 
0090. A temperature detecting circuit 201 of the second 
embodiment includes an AD conversion circuit 107, a trian 
gular wave generation circuit (a first counter 162 and an 
oscillator circuit 163), and a comparator 161. The AD con 
version circuit 107 is configured to convert a temperature 
detection signal from a temperature sensor 121 into a digital 
value. The triangular wave generation circuit is configured to 
output a digital signal equivalent to a triangular wave as a time 
series. The comparator 161 is configured to compare the 
digital temperature detection signal output from the AD con 
version circuit 107 and the digital signal output from the 
triangular wave generation circuit. A duty signal is output 
from the comparator 161. 
0091 A period for executing a comparison process in the 
comparator 161 includes four cycles, one cycle of which is 
defined as a section from a maximum value of the triangular 
wave to a next maximum value of the triangular wave or a 
section from a minimum value of the triangular wave to a next 
minimum value of the triangular wave. 
0092 Also, during one period in which the comparison 
process is executed, a duty ratio is determined by the first two 
cycles. 
0093. Further, when a temperature detected by the tem 
perature sensor 121 reaches a limit value, a detection signal 
may be output from the comparator 161. 
0094. The temperature sensor 121 may include an element 
which operates with a constant current and has the Voltage 
changing in response to a temperature. 
0.095 Also, a constant current source, from which a cur 
rent flows to the temperature sensor 121, is configured to 
include a current mirror circuit 301 and change the current 
flowing to a temperature sensor 121 based on a value of a 
resistor connected to the current mirror circuit 301. 
0096. In this configuration, for example, an external tem 
perature sensor 121 is configured to include two diodes con 
nected in series. The temperature sensor 121 is installed in the 
vicinity of a Switching element such as a power transistor. 
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0097. In the present embodiment, in the case in which the 
temperature sensor 121 is configured as diodes, the diodes as 
a temperature sensor has the characteristic that a forward 
Voltage is reduced if the temperature is increased under a 
condition of a constant current. The temperature of a Switch 
ing element Such as a power transistor may be measured by 
Supplying a predetermined current to the diode and measur 
ing a forward Voltage. 
0098. As described above, since there is a need to make a 
constant current flow to the diodes of the temperature sensor 
121, a constant current source includes variable resistors 151 
and 152, an amplifier 302 functioning as an operational 
amplifier, a FET 303, and the current mirror circuit 301. 
0099. A reference voltage generation circuit 105 functions 
to adjusta Voltage required for a particular element within the 
temperature detecting circuit 210 from a power source volt 
age VCC, and to Supply the same. For example, the reference 
Voltage generation circuit 105 may be configured to generate 
an output voltage of 1.25V. The current mirror circuit 301 
includes P type MOSFETs 112 and 113. A gate of the FET 
112 and a gate of the FET 113 are connected, and a drain of the 
FET 112 and a drain of the FET 113 are also connected. The 
FET 113 is also connected to a diode. 
0100 If a current flowing between the drain and a source 
of the FET 113 is determined, a current flowing between the 
drain and a source of the FET 112 is also determined. The 
amplifier 302 and the N type MOSFET 303 constitutea power 
amplifier. A current flowing to the FET 113 may be changed 
by adjusting the variable resistors 151 and 152, and a current 
flowing to the diode of the temperature sensor 121 may also 
be changed. 
0101 Also, a ratio between the current flowing between 
the drain and the source of the FET 113 and the current 
flowing between the drain and the source of the FET 112 is 
determined by a ratio between the resistance of an external 
resistor 120 connected to the FET 303 and the internal resis 
tance of the temperature sensor 121. For example, in an aspect 
where the internal resistance of the temperature sensor 121 is 
generally set to be about /20 of that of the resistor 120, the 
current mirror circuit 301 functions as a constant current 
source for supplying a current of about 20 fold of the current 
flowing between the drain and the source of the FET 113 to 
the temperature sensor 121. 
0102 Meanwhile, the amplifier 104 functioning as an 
operational amplifier amplifies a voltage generated by the 
reference voltage generation circuit 105 and supplies the 
same to the AD conversion circuit 107. A variable resistor 141 
is installed between a minus input terminal and an output 
terminal of the amplifier 104. Further, a variable resistor 142 
installed between the minus input terminal of the amplifier 
104 and GND is connected in series to the variable resistor 
141. An output voltage of the amplifier 104 is adjusted by the 
variable resistors 141 and 142 and supplied to the AD con 
version circuit 107. For example, as illustrated in the FIG. 7, 
it is set to be 3.3V. 
0103) Next, a comparison between a temperature detec 
tion voltage detected by the temperature sensor 121 and a 
triangular wave will be described. The AD conversion circuit 
107 includes a sequential comparison register 171, a DA 
converter 172, an analog comparator 173, a register 174, and 
a DA converter 175. The AD conversion circuit 107 is a 
so-called sequential comparison AD conversion circuit. The 
sequential comparison register 171 is a register which 
sequentially creates approximate values continuously. First, 
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if there is a command for starting conversion, the sequential 
comparison register 171 sets an MSB as 1. This result is D/A 
converted by the DA converter 172 so as to be returned to an 
analog amount and then compared with a temperature detec 
tion voltage in the comparator 173. In this case, if the voltage 
value of the temperature detection voltage is higher, the MSB 
remains as 1. 
0104. Next, the second bit of the sequential comparison 
register 171 is also set to be 1. This result is D/A converted by 
the DA converter 172 so as to be returned to an analog amount 
and compared with the temperature detection Voltage in the 
comparator 173. If the temperature detection voltage is lower, 
the second bit of the sequential comparison register 171 is 
returned to 0. In this manner, the sequential bits are set and 
compared, starting from the MSB to an LSB, and if the bit is 
greater than the temperature detection Voltage, the value is 
reset, and if it is Smaller, the value remains as is, and this 
operation is continuously performed. If the operation contin 
ues up to the LSB, only a digital amount closest to the tem 
perature detection Voltage remains. The digital value is 
extracted and stored in the register 174. 
0105 Next, the digital signal of the temperature detection 
Voltage retained in the register 174 is output to a digital 
comparison circuit 200. In the digital comparison circuit 200, 
every signal is processed into a digital signal. 
0106 The digital comparison circuit 200 includes the 
comparator 161, the first counter 162, the oscillator circuit 
163, and a second counter 164. A digital value of the register 
174 and an output value of the first counter 162 are digitally 
compared in the comparator 161, and if the digital value of the 
register 174 is greater than the output value of the first counter 
162, a high level signal is output. Also, if the digital value of 
the register 174 is smaller than the output value of the first 
counter 162, a low level signal is output. 
0107 Since the oscillator circuit 163 generates a clock 
signal of a predetermined period, the number of clocks is 
counted by the first counter 162. The first counter 162 sequen 
tially outputs the values obtained by counting the clocks from 
the oscillator circuit 163 to the comparator 161. 
0108 FIG. 8 is a time chart of the digital comparison 
circuit 200, which mainly shows data compared in the com 
parator 161 and a time chart of an output from the comparator 
161. 

0109. A clock from the oscillator circuit 163 is also input 
to the second counter 164. The second counter 164 is used to 
cancel an offset of the comparator 173 and set to count up to 
a digital value equivalent to an offset amount of the compara 
tor 173. If the oscillator circuit 163 operates, the second 
counter 164 executes counting until Such time that it reaches 
an amount equivalent to the offset of the comparator 173, and 
outputs a corresponding value to the DA converter 175. The 
input digital value from the second counter 164 is converted 
into an analog amount by the DA converter 175 and input to 
an offset adjustment terminal of the comparator 173. Accord 
ingly, the offset of the comparator 173 is canceled. 
0110. A digital value output from the first counter 162 is 
increased stepwise (e.g., by 1 at a time) by the clock from the 
oscillator circuit 163, but it is equivalent to a sloped portion 
S1 of a triangular wave. Meanwhile, the first counter 162 is set 
to reset a numerical value now into 0 when the numerical 
value counted by the first counter 162 reaches a maximum 
value S3 of the triangular wave. Thus, in order to transmit 
immediately from the maximum value to 0, as shown in S3 of 
the triangular wave, the value is a straightline without a slope, 
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and the S3 is in a state without a pulse width. In this manner, 
the triangular wave generation circuit is configured with the 
first counter 162 and the oscillator circuit 163 and outputs a 
digital signal equivalent to the analog triangular waveform as 
a time series. 
0111. A digital value of the temperature detection voltage 
value supplied from the register 174 to the comparator 161 is 
shown as the TAIN signal in FIG.8. As shown in FIG. 8, the 
TAIN signal and a count value equivalent to the triangular 
wave output from the first counter 162 are compared. Here, 
the period for performing the comparison is determined to 
include 2 cycles, in which one cycle is composed of a DutyHi 
period and a DutyLo period, as shown in each period T0 to T4. 
0112 The Duty Hiperiod corresponds to a period from a 
maximum value to a next maximum value or corresponding to 
a period from a minimum value to a next minimum value in 
the triangular wave. The Duty Lo period is a next period of the 
Duty Hiperiod, and corresponds to a period from a maximum 
value to a next maximum value or a period from a minimum 
value to a next minimum value in the triangular wave. 
0113. In FIG. 8, the extent that the level of the TAIN signal 

is changed is illustrated, so it should be noted that the results 
obtained by comparing the TAIN signal and the triangular 
wave illustrated in FIG. 8 and the timing of TOUT equivalent 
to the output signal from the comparator 161 are not consis 
tent. 

0114 Specifically, a process of forming the TOUT signal 
will be described. For example, as shown in FIG. 8, one 
period starting from a maximum value of the triangular wave 
to a next maximum value or one period from a minimum 
value of the triangular wave to a next minimum value may be 
set to be 2.5 m.sec. 
0115 For example, during the period T1, when TAIN is in 
the 90% line N1 of the maximum value of the triangular wave, 
the triangular wave and N1 are compared in the comparator 
161, and a high level signal is output during a period in which 
N1 is higher than the triangular wave and a low level signal is 
output during a period in which N1 is lower than the triangu 
lar wave. Since a first Duty Hiperiod is equivalent to 90% of 
the period of 2.5 msec, it can be calculated by 2.5x0.9–2.25 
msec. This is a pulse period described as a 2.25 msec Duty 
90% clamp. 
0116. The next Duty Lo period has a pulse width of 2.75 
msec as the sum of 2.5-2.25-0.25 msec and 2.5 m.sec. The 
period T1 includes two Duty Hi periods and two Duty Lo 
periods, but during the first Duty Hi period and the first 
Duty Lo period, the results obtained by comparing the trian 
gular wave and Ni are output from the comparator 161. Dur 
ing the next Duty Hi period and the next Duty Lo period, a 
comparison process is not executed and a pulse of a high level 
having a width of 2.5 msec and a pulse of a low level having 
a width of 2.5 msec in a period of the triangular wave are 
output. 
0117 The operation of the period T1 as described above is 
also executed during T2, T3, and T4. During the period T2, if 
TAIN is maintained in the state of 90% line N1 of the maxi 
mum value of the triangular wave, like the operation during 
the period T1, a high level pulse having a pulse width of 2.25 
msec is output during the first Duty Hiperiod, and a low level 
pulse having a pulse width of 2.75 msec is output during the 
first DutyLo period. 
0118. During the next Duty Hiperiod and the next DutyLo 
period, a comparison process is not executed and a pulse of a 
high level having a width of 2.5 msec and a pulse of a low level 
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having a width of 2.5 msec in a period of the triangular wave 
are output. This state is illustrated in FIG. 8. 
0119) During the period T3, it is described that TAIN is in 
the state of 10% line N2 of the maximum value of the trian 
gular wave. The triangular wave and N2 are compared in the 
comparator 161, and a high level signal is output during a 
period in which N2 is higher than the triangular wave and a 
low level signal is output during a period in which N2 is lower 
than the triangular wave. Since the first Duty Hi period is 
equivalent to 10% of the period of 2.5 msec, it can be calcu 
lated by 2.5x0.1=0.25 m.sec. This is a pulse period described 
as a 0.25 msec Duty 10% clamp. 
0120. The next DutyLo period has a pulse width of 4.75 
msec as the sum of 2.5-0.25–2.25 msec and 2.5 m.sec. Fur 
ther, during the next Duty Hi period and the next Duty Lo 
period, a comparison process is not executed and a pulse of a 
high level having a width of 2.5 msec and a pulse of a low level 
having a width of 2.5 msec in a period of the triangular wave 
are output. 
0121. During the period T4, since TAIN is maintained in 
the state of 10% line N2 of the maximum value of the trian 
gular wave, like the operation during the period T3, a high 
level pulse having a pulse width of 0.25 msec is output during 
the first Duty Hiperiod, and a low level pulse having a pulse 
width of 4.75 msec is output during the first Duty Lo period. 
During the next DutyHiperiod and the next Duty Lo period, a 
comparison process is not executed and a pulse of a high level 
having a width of 2.5 msec and a pulse of a low level having 
a width of 2.5 msec in a period of the triangular wave are 
output. 
0122. In this manner, the results obtained by comparing 
the TAIN, the temperature detection voltage signal of the 
temperature sensor 121, and the triangular wave by the com 
parator 161 at every period Tin (n=0-N) are sent to a level 
shifter 108. 
0123. Here, the FAIL signal also present in a connection 
terminal will be described. For example, in FIG. 8, as shown 
by a relationship between the triangular wave and the TAIN 
signal during the period T4, it is an operation where the TAIN 
signal does not have a portion higher than that of the triangu 
lar waveform signal. This indicates that a temperature 
detected by the temperature sensor 121 is considerably high 
and the temperature detection voltage signal TAIN is 
extremely low. 
0.124. In this case, in order to inform that the temperature 
rise of the temperature detection target has reached a limit, the 
comparator 161 outputs a low level signal. The low level 
signal from the comparator 161 is input to a gate of an N type 
MOSFET 109. Accordingly, the FET 109 is turned off, and 
the FAIL terminal is changed to a high level state. The FAIL 
signal is transmitted to an external control device or the like, 
So as to be used as a control signal for stopping an operation 
of the temperature detection target, etc. 
0.125 A DC voltage level of the output signal from the 
comparator 161 is converted by the level shifter 108, so a high 
level signal is converted into a low level signal, and a low level 
signal is converted into a high level signal. An output from the 
level shifter 108 is input to a gate of an N type MOSFET 111 
and a gate of a P type MOSFET 110. 
0126 Since it is configured such that a source of the FET 
110 and a drain of the FET 111 are connected and the gate of 
the FET 110 and the gate of the FET 111 are connected, an 
inverter is configured with the FET 110 and the FET 111. 
Thus, an output signal from the level shifter 108 is inverted by 
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the inverter based on the FETs 110 and 111. Accordingly, 
logically, the output signal from the comparator 161 becomes 
the TOUT signal as is. In this manner, the temperature 
detected by the temperature sensor 121 is converted into a 
pulse width of a pulse signal or a duty ratio and detected. 
Further, a VTO signal illustrated in FIG. 8 indicates a high 
level value of the TOUT signal. The TOUT signal is used, for 
example, to control torque, as a Switching frequency, etc. 
I0127. As described above, in order to obtain the duty sig 
nal to the comparator, the temperature detection Voltage sig 
nal is converted into a digital value and the triangular wave as 
a reference for comparison is formed as a digital signal. Thus, 
since the comparison process is executed based on the digital 
values, the maximum value and the minimum value of the 
triangular wave, the slope of the triangular wave, etc., are not 
changed like in the case of an analog triangular wave, and a 
duty signal having extremely good precision can be obtained. 

Comparative Example 
I0128. As a comparative example, there is a technique of 
detecting a temperature of a Switching element and cooling an 
inverter based on the obtained information or measuring a 
temperature of the switching element or the inverter to limit 
torque or a Switching frequency, in order to avoid damage to 
the Switching element. 
I0129. In this comparative example, in a PN junction semi 
conductor element such as a diode, a Voltage is changed into 
a linear form over a temperature change. If a diode as a 
temperature sensor is installed in the vicinity of the Switching 
element and a Voltage is measured, temperature information 
having high precision and high response can be obtained. If 
the temperature information having high precision is 
obtained, torque can be output up to the proximity of a break 
down temperature of the Switching element, and high density 
of the inverter can be expected. 
0.130. As described above, if the PN junction semiconduc 
tor element such as a diode is used as a temperature sensor, a 
comparator of the temperature detecting circuit compares a 
temperature detection Voltage from a temperature sensor and 
a triangular wave generated by an analog circuit. 
I0131 The triangular wave and the temperature detection 
Voltage are compared in the comparator, and, for example, the 
comparator is configured Such that when the temperature 
detection Voltage is higher than the triangular wave, an output 
from the comparator has a high level, and when the tempera 
ture detection Voltage is lower than the triangular wave, an 
output from the comparator has a low level. In addition, since 
the temperature detection Voltage is decreased as the tempera 
ture increases, the duty cycle of the pulse signal output from 
the comparator is changed, and a temperature is prevented 
from being increased by controlling torque or a Switching 
frequency based on the pulse signal. 
I0132) For example, if power controlling is performed by 
using a power Switch, a duty signal is generated by comparing 
an analog triangular waveform and a numeral value based on 
a command value. 
0.133 Here, however, the output pulse signal from the 
comparator is determined by comparing the triangular wave 
and the temperature detection Voltage. Thus, in order to 
enhance precision of the duty cycle of the output pulse signal 
output from the comparator, a maximum value and a mini 
mum value of the analog triangular wave, and the slope of the 
triangular wave are required to be generated with good pre 
C1S1O. 
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0134. However, the circuit for generating the analog trian 
gular wave is affected by a temperature change of the outer 
environment, a change in a power source Voltage, etc., and 
cannot generate a stable analog triangular waveform, so it is 
difficult to enhance the precision of the duty cycle of the 
output pulse signal output from the comparator. 
0135 The temperature detecting circuit of the second 
embodiment includes the AD conversion circuit 107, the tri 
angular wave generation circuit (the first counter 162, the 
oscillator circuit 163), and the comparator 161. The AD con 
version circuit 107 is configured to convert a temperature 
detection signal from the temperature sensor 121 into a digital 
value. The triangular wave generation circuit is configured to 
output a digital signal equivalent to a triangular waveform as 
a time series. The comparator 161 is configured to compare 
the digital temperature detection signal output from the AD 
conversion circuit 107 and the digital signal output from the 
triangular wave generation circuit. Further, a duty signal is 
output from the comparator 161. Thus, since the triangular 
waveform, as well as the temperature detection signal, is 
provided as a digital signal, and there is no change in a 
maximum value and a minimum value of the triangular wave 
form, the slope of the triangular waveform, etc., a duty output 
signal having good precision can be obtained. 

Third Embodiment 

0136. Hereinafter, a third embodiment of the present dis 
closure will be described in detail with reference to FIGS.9 to 
11. 
0137. A power semiconductor module 77 of the third 
embodiment includes a power element circuit configured by a 
power Switching element (IGBT), a temperature detecting 
diode (i.e., a temperature sensor) 35 for measuring the tem 
perature of the power Switching element, and a temperature 
detecting circuit 77a for detecting a temperature by a Voltage 
signal from the temperature detecting diode 35. In addition, 
the temperature detecting diode 35 and the temperature 
detecting circuit 77a are formed on a single chip by an SOI 
Structure. 

0138 Further, the chip and the power element circuit are 
formed on a common frame and installed in a single package. 
0139 FIG. 9 illustrates an example of a driving system 
apparatus 400 in which signals are transmitted in both direc 
tions between a low voltage substrate 410 and a high voltage 
substrate 411 of an automobile. The low voltage substrate 410 
is mainly configured by an ECU 72. ECU is called an elec 
tronic control unit or an engine control unit, which executes 
controlling of an engine, controlling of a driving system or a 
steering system, etc., by a computer. 
0140. The high voltage substrate 411 includes the power 
semiconductor module 77 having an inverter circuit 77b for 
driving a motor 412. The power semiconductor module 77 is 
formed as a single package, in which the temperature detect 
ing circuit 77a and the inverter circuit 77 b are formed. An 
insulating gate bipolar transistor (IGBT) is illustrated as a 
power switching element of the inverter circuit 77b. A gate of 
each IGBT is connected to a gate driver 75, and a flywheel 
diode is connected in parallel to each IGBT. A DC voltage is 
supplied from a DC power source 78 to each IGBT. 
0141. A control signal output from the ECU 72 is trans 
mitted to a gate driver 75 through an isolator 73. A driving 
signal from the gate driver 75 is output according to the 
control signal from the ECU 72. PWM controlling is per 
formed by the driving signal, and six IGBTs of the inverter 

Oct. 4, 2012 

circuit 77b are turned on or offat a desired timing to generate 
3-phase AC power for driving the motor 412. 
0142. Meanwhile, the temperature is detected by a tem 
perature sensor (not shown) based on a diode installed in the 
vicinity of the IGBTs of the inverter circuit 77b, and the 
detected signal is input to the temperature detecting circuit 
77a and converted into a pulse signal so as to be output and 
transmitted to the ECU 72 through an isolator 74. As the 
isolators 73 and 74, a photocoupler or an insulating trans 
former is used. 
0143. In this configuration, the temperature detecting cir 
cuit 77a and the temperature sensor 35 based on a diode are 
made into one chip by using an HT-SOI (Silicon on Insulator) 
structure in manufacturing a semiconductor stacked struc 
ture. The SOI structure is a technique of forming a thin insu 
lating oxide film on a silicon Substrate and furtherforming an 
electric circuit Such as a transistor, a sensor, etc. thereon. This 
technique has a fast speed and high power characteristics with 
low power consumption in comparison to a general bulk 
CMOS technique. A junction temperature in the SOI structure 
is 225 degrees Celsius, and by executing one chip based on 
the SOI structure, stable temperature detection with high 
precision can be executed. 
0144. Further, the temperature sensor 35 and the tempera 
ture detecting circuit 77a configured as one chip based on the 
SOI structure are installed in the same package with the 
inverter circuit 77b. That is, the chip of the inverter circuit 77b 
and the chip of the temperature detecting circuit 77a includ 
ing a temperature sensor are disposed on the same frame. 
Thus, the precision of temperature detection can be further 
improved. 
0145 FIG. 10 illustrates a position of the disposition of the 
temperature sensor 35 configured as a diode in the power 
semiconductor module 77 of FIG. 9. The temperature sensor 
35 is installed in the vicinity of the IGBT. Further, the tem 
perature sensor 35 is configured to include two diodes con 
nected in series. The diodes as the temperature sensor have 
the characteristic that a forward voltage is reduced when the 
temperature is increased under the condition of a constant 
current. The temperature of a Switching element such as a 
power transistor may be measured by Supplying a predeter 
mined current to the diode and measuring a forward Voltage. 
0146 Further, in FIG. 10, it is illustrated that the tempera 
ture detecting circuit 77a and the temperature sensor 35 are 
separated, which makes understanding the disposition posi 
tion of the temperature detecting diode easier, and as 
described above, the temperature detecting diode and the 
temperature detecting circuit 77a are made into one chip by 
the SOI structure. Meanwhile, a control circuit 79 is installed 
as a circuit which outputs a control signal and includes a 
function of the gate driver 75 of FIG.9. 
0147 Next, a circuit configuration example of the tem 
perature detecting circuit 77a illustrated in FIGS. 9 and 10 is 
shown in FIG. 11. As described above, since there is a need to 
make a constant current flow to the diodes of the temperature 
sensor 35, a constant current source includes an amplifier 41 
functioning as an operational amplifier, a FET 42, and a 
current mirror circuit 43. The current mirror circuit 43 
includes P type MOSFETs 43a and 43b. A gate of the FET 
43a and a gate of the FET 43b are connected, and a drain of the 
FET 43a and a drain of the FET 43b are also connected. The 
FET 43b is also connected to a diode. 

0.148. If a current flowing between the drain and a source 
of the FET 43b is determined, a current flowing between the 
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applied to detect the temperature of a power device Such as an 
inverter, a Switching element or the like, having a high tem 
perature state. 
0164. Further, according to the present disclosure, in some 
embodiments, the power semiconductor module of the 
present disclosure can be applied to any power device using 
high Voltage. Such as a hybrid vehicle, an electric vehicle, a 
home appliance, an industrial device, etc. 
0165 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the disclosures. 
Indeed, the novel methods and apparatuses described herein 
may be embodied in a variety of other forms; furthermore, 
various omissions, Substitutions and changes in the form of 
the embodiments described herein may be made without 
departing from the spirit of the disclosures. The accompany 
ing claims and their equivalents are intended to cover Such 
forms or modifications as would fall within the scope and 
spirit of the disclosures. 

1. A temperature detecting apparatus, comprising: 
a temperature detecting circuit configured to output a first 

pulse signal according to a temperature detected by a 
temperature sensor; and 

an insulating transformer configured to transmit the first 
pulse signal to an integrated circuit which is operated by 
an operation voltage different from that of the tempera 
ture detecting circuit, the insulating transformer being 
installed between the temperature detecting circuit and 
the integrated circuit, 

wherein the temperature detecting circuit and the insulat 
ing transformer are mounted on a common Substrate. 

2. The temperature detecting apparatus of claim 1, wherein 
the insulating transformer comprises a primary coil through 
which a current flows based on the first pulse signal from the 
temperature detecting circuit and a secondary coil configured 
to generate a current to be transmitted to the integrated circuit, 
the primary coil and the secondary coil being formed at upper 
and lower portions of the insulating transformer with a dielec 
tric layer interposed therebetween. 

3. The temperature detecting apparatus of claim 1, wherein 
when the temperature detected by the temperature sensor 
reaches a predetermined limit value, the temperature detect 
ing circuit outputs a second pulse signal and the insulating 
transformer transmits the second pulse signal from the tem 
perature detecting circuit to the integrated circuit. 

4. The temperature detecting apparatus of claim 1, wherein 
a pulse generator is configured to shape pulse widths of a high 
level and a low level of the first pulse signal or the second 
pulse signal, and generate and output a pulse having a width 
Smaller than those of the pulse signals, the pulse generator 
being installed in the vicinity of the primary coil of the insu 
lating transformer. 

5. The temperature detecting apparatus of claim 4, wherein 
a signal demodulation circuit is configured behind the sec 
ondary coil, the signal demodulation circuit configured to 
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demodulate a pulse signal, the pulse width of which is shaped 
by the pulse generator into a signal having the original pulse 
width, the secondary coil of the insulating transformer con 
figured to generate a current to be transmitted to the integrated 
circuit. 

6. A temperature detecting circuit, comprising: 
an AD conversion circuit configured to convert a tempera 

ture detection signal from a temperature sensor into a 
digital temperature detection signal; 

a triangular wave generation circuit configured to output a 
digital signal equivalent to a triangular waveform as a 
time series; and 

a comparator configured to compare the digital tempera 
ture detection signal output from the AD conversion 
circuit and the digital signal output from the triangular 
wave generation circuit and output a duty signal. 

7. The temperature detecting circuit of claim 6, wherein a 
period for executing the comparison process in the compara 
tor is composed of four cycles, in which one cycle is defined 
as a section from a maximum value of the triangular wave 
form to a next maximum value thereof or a section from a 
minimum value of the triangular wave to a next minimum 
value thereof. 

8. The temperature detecting circuit of claim 7, wherein a 
duty ratio is determined by the first two cycles during one 
period for executing the comparison process. 

9. The temperature detecting circuit of claim 6, wherein 
when a temperature detected by the temperature sensor 
reaches a limit value, a detection signal is output from the 
comparator. 

10. The temperature detecting circuit of claim 6, wherein 
the temperature sensor comprises an element configured to 
operate with a constant current, the Voltage of the element 
changing in response to a temperature. 

11. The temperature detecting circuit of claim 10, wherein 
a constant current source is configured to flow a current to the 
temperature sensor and include a current mirror circuit and 
change the current flowing to the temperature sensor based on 
a value of a resistor connected to the current mirror circuit. 

12. A power semiconductor module, comprising: 
a power element circuit configured by a power Switching 

element; 
a temperature detecting diode configure to measure a tem 

perature of the power Switching element; and 
a temperature detecting circuit configured to detect a tem 

perature by a Voltage signal from the temperature detect 
ing diode, 

wherein the temperature detecting diode and the tempera 
ture detecting circuit are formed on a single chip as an 
SOI Structure. 

13. The power semiconductor module of claim 12, wherein 
the chip and the power element circuit are formed on a com 
mon frame and installed in a single package. 
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