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(57) ABSTRACT 

A poWer converter individually comprises a ?rst semicon 
ductor device <2> and a second semiconductor device <3>. 
In the ?rst semiconductor device <2>, a poWer conversion 
element such as an IGBT <19>, Zener diodes <20, 21>, a 
Waveform shaping circuit <30>, a heating cutoff circuit 
<31> and a protective element <14> are formed on the same 
chip employing a p-type silicon substrate. In the second 
semiconductor device <3>, a Schmidt circuit <9>, a poWer 
supply circuit <10>, a high voltage detection circuit <11>, a 
protective element <13>, a logic gate <16>and an output 
circuit formed by a pnp transistor <17>are formed on the 
same chip employing a p-type silicon substrate. Thus, a 
poWer converter capable of reducing the circuit scale as a 
Whole is obtained. 
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POWER CONVERTER WITH POWER 
CONVERTER ELEMENT AND CONTROLLER 
FORMED ON DIFFERENT SEMICONDUCTOR 

SUBSTRATES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the structure of a 
power converter comprising a poWer conversion element 
and the structure of a semiconductor device employed for 
this poWer converter. 

[0003] 2. Description of the Background Art 

[0004] FIG. 13 is a circuit diagram shoWing the structure 
of a conventional poWer converter 101. Referring to FIG. 
13, the conventional poWer converter 101 is applied to a 
drive unit for an ignition coil 105. The ignition coil 105 
controls an ignition plug 104 employed for the engine of an 
automobile. The poWer converter 101 individually com 
prises a semiconductor device 102 and another semiconduc 
tor device 103. In the semiconductor device 102, a poWer 
conversion element such as an IGBT (insulated gate bipolar 
transistor) 119 and Zener diodes 120 and 121 are formed on 
the same chip employing a silicon substrate. The IGBT 119 
may be replaced With another element such as a poWer 
MOSFET or a bipolar poWer transistor. What kind of ele 
ment is employed as the poWer conversion element is not 
important for the present invention but any one of existing 
elements and currently studied elements may be employed. 
The following description is made With reference to the 
IGBT employed as the poWer conversion element. 

[0005] The Zener diodes 120 and 121 are elements spe 
ci?c to the drive unit for driving the ignition coil. The IGBT 
119 is formed as an aggregate of small elements referred to 
as cells, and emitter Wires for these cells are divided into tWo 
systems for intentionally causing difference betWeen the 
numbers of the cells connected to the respective emitter 
Wires. The magnitude of a current flowing in an emitter 
depends on the ratio of cell numbers, and hence a collector 
current (main current flowing in the poWer conversion 
element) of the IGBT 119 can be indirectly measured by 
detecting a small current having unique correlation With the 
current flowing in the poWer conversion element. 

[0006] In the semiconductor 103, a difference voltage 
comparison circuit 109, a poWer supply circuit 110, a high 
voltage detection circuit 111, protective elements 113 and 
114, a timer circuit 115, a logic gate 116, an output circuit 
formed by an npn transistor 117 and a negative feedback 
control circuit 118 are formed on the same chip employing 
a silicon substrate. 

[0007] The difference voltage comparison circuit 109 has 
tWo input terminal, and the ?rst input terminal is connected 
to a terminal 107 (control input terminal from a control unit 
(not shoWn)) of the poWer converter 101 through a circuit 
formed by a resistance and a capacitor. The second input 
terminal is connected to another terminal 108 (reference 
potential input terminal from the aforementioned control 
unit (not shoWn)) of the poWer converter 101 through the 
aforementioned circuit. The difference voltage comparison 
circuit 109 has a Waveform shaping function exhibiting a 
hysteretic characteristic, in order to prevent a malfunction 
resulting from ?uctuation of the potential of the silicon 
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substrate employed for the semiconductor device 103. The 
difference voltage comparison circuit 109 is formed by a 
Schmidt circuit exhibiting a hysteretic characteristic and 
other elements. 

[0008] The timer circuit 115 is provided for preventing the 
IGBT 119 from breakage resulting from heat generated 
When the IGBT 119 is continuously energiZed over a long 
period. When the IGBT 119 is continuously energiZed in 
excess of a prescribed time (several 100 ms) and the voltage 
of a capacitor (proportionate to the energiZation time for the 
IGBT 119) input in a positive phase input terminal of a 
comparator exceeds a prescribed constant voltage input in a 
negative phase input terminal, the timer circuit 115 regards 
that the quantity of heat generated from the IGBT 119 is 
increased and inputs a signal for stopping drive of the npn 
transistor 117 in the logic gate 116. 

[0009] The poWer supply circuit 110 supplies poWer for 
driving various circuits provided in the semiconductor 
device 103. The battery voltage (the voltage of a battery 106) 
of the automobile ?uctuates in a Wide range (about several 
V to 24 V), and hence the poWer supply circuit 110 gener 
ating a constant poWer supply voltage regardless of the 
voltage of the battery 106 is provided in order to stably 
operate the timer circuit 115, a Waveform shaping circuit 
provided in the difference voltage comparison circuit 109 
and the like. 

[0010] The high voltage detection circuit 111 has a func 
tion of forcibly stopping drive of the IGBT 119 When the 
voltage of the battery 106 is abnormally increased, in order 
to prevent breakage. The high voltage detection circuit 11 
detects that the voltage of the battery 106 exceeds a pre 
scribed voltage (about 30 V) and inputs a signal for stopping 
drive of the npn transistor 117 in the logic gate 116. 

[0011] The negative feedback control circuit 118 has a 
function of detecting the value of the emitter current of the 
IGBT 119 and controlling operations of the IGBT 119 so that 
the main current does not How in excess of a prescribed 
value. When the voltage input in the negative phase input 
terminal (voltage of a resistor connected to the emitter of the 
IGBT 119, proportionate to the emitter current) exceeds the 
prescribed constant voltage input in the positive phase input 
terminal, the negative feedback control circuit 118 inputs a 
signal for stopping drive of the IGBT 119 in a gate electrode 
of the IGBT 119. 

[0012] The protective elements 113 and 114 have a func 
tion of suppressing a voltage applied to the circuit not to 
exceed a prescribed level, thereby protecting the circuit. 

[0013] When the semiconductor device 103 drives the 
IGBT 119 by its control operation, a current flows toWard a 
primary Winding of the ignition coil 105 (toWard the poWer 
converter 101), and a resulting primary Winding voltage is 
multiplied by the turn ratio and transmitted toWard a sec 
ondary Winding of the ignition coil 105 (toWard the ignition 
plug 104). Sparks come off betWeen gaps of the ignition plug 
104 due to this voltage to combust fuel in a cylinder (not 
shoWn) and provide motive poWer for the engine. 

[0014] When stopping drive of the IGBT 119 and cutting 
off the current flowing toWard the primary Winding of the 
ignition coil 105, energy stored in the ignition coil 105 
generates force (counter electromotive force) stepping up a 
collector voltage of the IGBT 119 to the positive direction. 
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When a voltage exceeding a reverse Withstand voltage of the 
Zener diode 120 is caused, the Zener diode 120 operates to 
increase a gate voltage of the IGBT 119 and drive the 
OFF-state IGBT 119 as a result. Thus, the collector voltage 
is kept in a constant state. 

[0015] In the conventional poWer converter 101 shoWn in 
FIG. 13, hoWever, a number of circuits such as the differ 
ence voltage cornparison circuit 109, the timer circuit 115, 
the negative feedback control circuit 118 and the like are 
formed in the semiconductor device 103 to disadvanta 
geously increase the circuit scale of the semiconductor 
device 103 in particular. 

SUMMARY OF THE INVENTION 

[0016] According to a ?rst aspect of the present invention, 
a poWer converter comprises: a ?rst semiconductor device 
including a ?rst semiconductor substrate and a poWer con 
version elernent formed on the ?rst semiconductor substrate; 
and a second semiconductor device formed on a second 
semiconductor substrate different from the ?rst serniconduc 
tor substrate for generating a control signal for controlling 
drive of the poWer conversion element and inputting the 
control signal in the ?rst semiconductor device on the basis 
of a signal input from an external control unit. 

[0017] According to a second aspect of the present inven 
tion, in the ?rst aspect, the ?rst semiconductor device further 
includes a cutoff circuit formed on the ?rst semiconductor 
substrate for detecting the temperature of the ?rst sernicon 
ductor substrate on a portion formed With the power con 
version elernent and stopping drive of the poWer conversion 
elernent When the temperature exceeds a prescribed level. 

[0018] According to the second aspect, the cutoff circuit 
directly detects heat generated from the poWer conversion 
element and stops drive of the poWer conversion element on 
the basis of the result of detection. As compared With a 
poWer converter employing a timer circuit stopping drive of 
a poWer conversion element in response to a continuous 
energiZation time for the poWer conversion elernent, there 
fore, the poWer conversion element can be more effectively 
prevented from a failure resulting from heat generation. 

[0019] Further, the cutoff circuit can be formed more 
simply than the timer circuit, Whereby the structure of the 
overall poWer converter can also be sirnpli?ed. 

[0020] According to a third aspect of the present inven 
tion, in the ?rst aspect, the ?rst semiconductor device further 
includes a waveform shaping circuit exhibiting a hysteretic 
characteristic, formed on the ?rst semiconductor substrate, 
and the waveform shaping circuit operates With drive poWer 
of a potential input in its oWn input terminal. 

[0021] According to the third aspect, the waveform shap 
ing circuit may be provided With no poWer supply terminal 
for externally supplying drive poWer, Whereby the circuit 
structure can be sirnpli?ed as compared With a waveform 
shaping circuit driven by externally supplied poWer. 

[0022] According to a fourth aspect of the present inven 
tion, in the ?rst to third aspects, the second semiconductor 
device has an output circuit for outputting the control signal, 
formed on the second semiconductor substrate, and the 
output circuit is formed by a pnp transistor or a p-channel 
MOSFET formed in an n-type semiconductor layer. 
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[0023] According to the fourth aspect, the pnp transistor or 
the p-channel MOSFET can be inhibited from an erroneous 
operation also When the potential of the second sernicon 
ductor substrate is transitionally increased While the pnp 
transistor or the p-channel MOSFET is in an OFF state. 

[0024] According to a ?fth aspect of the present invention, 
in the ?rst to fourth aspects, the ?rst semiconductor device 
and the second semiconductor device individually include 
GND terrninals supplied With GND levels. 

[0025] According to the ?fth aspect, a malfunction fol 
loWing ?uctuation of the potential of the second sernicon 
ductor substrate resulting from a main current of the poWer 
conversion element can be suppressed by forming a Schrnidt 
circuit sirnply comparing a voltage input in a positive phase 
input terminal and a constant voltage input in a negative 
phase input terminal With each other on the second serni 
conductor substrate. 

[0026] According to a sixth aspect of the present inven 
tion, in the ?fth aspect, the poWer converter further corn 
prises a voltage lirniting circuit lirniting a potential differ 
ence betWeen the GND level of the ?rst semiconductor 
device and the GND level of the second semiconductor 
device Within a prescribed value. 

[0027] According to the sixth aspect, a malfunction result 
ing from abnorrnally large potential difference betWeen the 
GND level of the ?rst semiconductor device and the GND 
level of the second semiconductor device can be suppressed 
so that the poWer converter causes a smaller number of 
rnalfunctions. 

[0028] According to a seventh aspect of the present inven 
tion, in the sixth aspect, the voltage lirniting circuit is formed 
on the second semiconductor substrate. 

[0029] According to the seventh aspect, the number of 
components can be reduced as compared With the case of 
forming the voltage lirniting circuit as a component inde 
pendent of the second semiconductor device. 

[0030] According to an eighth aspect of the present inven 
tion, a poWer converter comprises a ?rst semiconductor 
device having a poWer conversion elernent formed on a ?rst 
semiconductor substrate and a second semiconductor device 
formed on a second semiconductor substrate different from 
the ?rst semiconductor substrate for generating a control 
signal for controlling drive of the poWer conversion element 
and inputting the control signal in the ?rst semiconductor 
device on the basis of a signal input from an external control 
unit, While the ?rst semiconductor device and the second 
semiconductor device individually include GND terrninals 
supplied With GND levels. 

[0031] According to the eighth aspect, a malfunction 
folloWing ?uctuation of the potential of the second serni 
conductor substrate resulting from a main current of the 
poWer conversion element can be suppressed by forming a 
Schrnidt circuit sirnply comparing a voltage input in a 
positive phase input terminal and a constant voltage input in 
a negative phase input terminal With each other on the 
second semiconductor substrate. 

[0032] According to a ninth aspect of the present inven 
tion, in the eighth aspect, the poWer converter further 
comprises a voltage lirniting circuit lirniting a potential 
difference betWeen the GND level of the ?rst serniconductor 
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device and the GND level of the second semiconductor 
device Within a prescribed value. 

[0033] According to the ninth aspect, a malfunction result 
ing from abnormally large potential difference betWeen the 
GND level of the ?rst semiconductor device and the GND 
level of the second semiconductor device can be suppressed 
so that the poWer converter causes a smaller number of 
malfunctions. 

[0034] According to a tenth aspect of the present inven 
tion, in the ninth aspect, the voltage limiting circuit is 
formed on the second semiconductor substrate. 

[0035] According to the tenth aspect, the number of com 
ponents can be reduced as compared With the case of 
forming the voltage limiting circuit as a component inde 
pendent of the second semiconductor device. 

[0036] According to an eleventh aspect of the present 
invention, a semiconductor device comprises a semiconduc 
tor substrate, a poWer conversion element formed on the 
semiconductor substrate and a cutoff circuit formed on the 
semiconductor substrate for detecting the temperature of the 
semiconductor substrate on a portion formed With the poWer 
conversion element and stopping drive of the poWer con 
version element When the temperature exceeds a prescribed 
level. 

[0037] According to the eleventh aspect, the cutoff circuit 
directly detects heat generated from the poWer conversion 
element and stops drive of the poWer conversion element on 
the basis of the result of detection. Therefore, the poWer 
conversion element can be more effectively prevented from 
a failure resulting from heat generation. 

[0038] According to a tWelfth aspect of the present inven 
tion, in the eleventh aspect, the semiconductor device further 
comprises a Waveform shaping circuit exhibiting a hysteretic 
characteristic, formed on the semiconductor substrate, While 
the Waveform shaping circuit operates With drive poWer of 
a potential input in its oWn input terminal. 

[0039] According to the tWelfth aspect, the Waveform 
shaping circuit may be provided With no poWer supply 
terminal for externally supplying drive poWer, Whereby the 
circuit structure can be simpli?ed as compared With a 
Waveform shaping circuit driven by externally supplied 
poWer. 

[0040] According to a thirteenth aspect of the present 
invention, a semiconductor device comprises a semiconduc 
tor substrate of a ?rst conductivity type, a semiconductor 
layer of a second conductivity type, different from the ?rst 
conductivity type, formed on the semiconductor substrate, a 
?rst Zener diode having a ?rst electrode de?ned by a ?rst 
impurity-introduced region of the ?rst conductivity type 
formed in the semiconductor layer and a second electrode 
de?ned by a second impurity-introduced region of the 
second conductivity type formed in the semiconductor layer, 
a second Zener diode having a ?rst electrode de?ned by a 
third impurity-introduced region of the ?rst conductivity 
type formed in the semiconductor layer and a second elec 
trode de?ned by a fourth impurity-introduced region of the 
second conductivity type formed in the semiconductor layer 
and connected to the second electrode of the ?rst Zener 
diode, and a Wire formed on a main surface of the semi 
conductor layer for ?xing the potential of the semiconductor 
layer. 
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[0041] According to the thirteenth aspect, it is possible to 
avoid drive of a parasitic transistor having an emitter de?ned 
by the semiconductor substrate, a base de?ned by the 
semiconductor layer and a collector de?ned by the third 
impurity-introduced region by ?xing the potential of the 
semiconductor layer to a level exceeding the reverse voltage 
of the ?rst Zener diode by the Wire. 

[0042] An object of the present invention is to obtain a 
poWer converter capable of reducing the circuit scale as a 
Whole and a semiconductor device employed for this poWer 
converter. 

[0043] The foregoing 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 

[0044] FIG. 1 is a circuit diagram shoWing a structure of 
a poWer converter according to an embodiment 1 of the 
present invention; 

[0045] FIG. 2 is a circuit diagram shoWing a ?rst structure 
of a Waveform shaping circuit shoWn in FIG. 1; 

[0046] FIG. 3 is a graph shoWing input/output character 
istics of a Schmidt circuit shoWn in FIG. 1; 

[0047] FIG. 4 is a circuit diagram shoWing a second 
structure of the Waveform shaping circuit shoWn in FIG. 1; 

[0048] FIG. 5 is a graph shoWing input/output character 
istics of a Schmidt circuit shoWn in FIG. 4; 

[0049] FIG. 6 is a circuit diagram shoWing another exem 
plary structure of an output circuit; 

[0050] FIG. 7 is a sectional vieW shoWing a structure of a 
pnp transistor shoWn in FIG. 1; 

[0051] FIG. 8 is a circuit diagram shoWing a structure of 
a poWer converter according to an embodiment 2 of the 

present invention; 

[0052] FIG. 9 is a circuit diagram shoWing a speci?c 
structure of a voltage limiting circuit; 

[0053] FIG. 10 is a circuit diagram shoWing another 
speci?c structure of the voltage limiting circuit; 

[0054] FIG. 11 is a top plan vieW shoWing a speci?c 
structure of the voltage limiting circuit shoWn in FIG. 10; 

[0055] FIG. 12 is a sectional vieW taken along a line 
X1-X1 in FIG. 11; and 

[0056] FIG. 13 is a circuit diagram shoWing a structure of 
a conventional poWer converter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] Embodiment 1 

[0058] FIG. 1 is a circuit diagram shoWing the structure of 
a poWer converter 1 according to an embodiment 1 of the 
present invention. Referring to FIG. 1, the poWer converter 
1 according to the embodiment 1 is applied to a drive unit 
for an ignition coil 5. The ignition coil 5 controls an ignition 
plug 4 employed for the engine of an automobile. The poWer 
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converter 1 individually comprises a semiconductor device 
2 and another semiconductor device 3. In the semiconductor 
device 2, a poWer conversion element such as an IGBT 19, 
Zener diodes 20 and 21, a Waveform shaping circuit 30, a 
heating cutoff circuit 31 and a protective element 14 are 
formed on the same chip employing a p-type silicon sub 
strate. The semiconductor device 2 has a GND terminal 66 
supplied With a GND level. 

[0059] The Zener diodes 20 and 21 are elements speci?c 
to the drive unit for driving the ignition coil. The IGBT 19 
is formed as an aggregate of small elements referred to as 
cells, and emitter Wires for these cells are divided into tWo 
systems for intentionally causing difference betWeen the 
numbers of the cells connected to the respective emitter 
Wires. The magnitude of a current ?oWing in an emitter 
depends on the ratio of cell numbers, and hence a collector 
current (main current ?oWing in the poWer conversion 
element) of the IGBT 19 can be indirectly measured by 
detecting a small current having unique correlation With the 
current ?oWing in the poWer conversion element. 

[0060] The heating cutoff circuit 31 has a function of 
detecting the temperature of the p-type silicon substrate in 
the portion formed With the IGBT 19 and limiting a signal 
output from the Waveform shaping circuit 30 not to be 
transmitted to the IGBT 19 (i.e., stopping drive of the IGBT 
19) When the temperature of this portion exceeds a pre 
scribed level. The heating cutoff circuit 31 detects the 
temperature of the p-type silicon substrate in the portion 
formed With the IGBT 19 With a temperature-voltage con 
version element such as a diode or a transistor formed in the 
vicinity of the IGBT 19 and compares a voltage from the 
temperature-voltage conversion element With a prescribed 
constant voltage by a comparator. When the voltage from the 
temperature-voltage conversion element exceeds the pre 
scribed constant voltage, the heating cutoff circuit 31 stops 
drive of the IGBT 19. 

[0061] The negative feedback control circuit 18 has a 
function of detecting the value of an emitter current of the 
IGBT 19 and controlling operations of the IGBT 19 so that 
a main current does not How in excess of a prescribed value. 
When a voltage input in a negative phase input terminal 
(voltage of a resistor connected to an emitter of the IGBT 19, 
proportionate to the emitter current) exceeds a prescribed 
constant voltage input in a positive phase input terminal, the 
negative feedback control circuit 18 inputs a signal for 
stopping drive of the IGBT 19 in a gate electrode of the 
IGBT 19. 

[0062] The protective element 14 has a function of inhib 
iting a voltage applied to the circuit from exceeding a 
prescribed voltage thereby protecting the circuit. 

[0063] The Waveform shaping circuit 30 is provided for 
suppressing a malfunction folloWing such a phenomenon 
that the potential of the p-type silicon substrate employed for 
the semiconductor device 2 is apparently increased due to 
the main current ?oWing in the IGBT 19 to apparently 
reduce the threshold of the IGBT 19. FIG. 2 is a circuit 
diagram shoWing a ?rst structure of the Waveform shaping 
circuit 30. The Waveform shaping circuit 30 shoWn in FIG. 
2 is formed by a Schmidt circuit 35 having a ?rst input 
terminal receiving a potential VIN from a terminal 63 of the 
semiconductor device 2, a second input terminal receiving a 
prescribed constant voltage from a poWer source 36 and an 
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output terminal outputting a potential VOUT to the heating 
cutoff circuit 31. The Schmidt circuit 35 shoWn in FIG. 2 is 
driven by externally supplied poWer V". 

[0064] FIG. 3 is a graph shoWing the input/output char 
acteristics of the Schmidt circuit 35 shoWn in FIG. 2. As 
shoWn in FIG. 3, the Schmidt circuit 35 exhibits a hysteretic 
characteristic. When a voltage exceeding a voltage value V2 
is applied to the ?rst input terminal While the potential VOUT 
of the output terminal is VL, the potential VOUT of the output 
terminal reaches VH (>VL). When the potential VOUT of the 
output terminal is VH, on the other hand, the potential VOUT 
of the output terminal does not reach VL unless a voltage 
beloW the voltage value V1 (<V2) is input in the ?rst input 
terminal. Thus, the aforementioned malfunction folloWing 
apparent reduction of the threshold of the IGBT 19 is 
suppressed by a hysteresis voltage expressed as V2-V1. 

[0065] FIG. 4 is a circuit diagram shoWing a second 
structure of the Waveform shaping circuit 30. The Waveform 
shaping circuit 30 shoWn in FIG. 4 is formed by a Schmidt 
circuit 35 having a ?rst input terminal receiving a potential 
VIN from the terminal 63, a second input terminal receiving 
a prescribed constant voltage from a poWer source 36 and an 
output terminal outputting a potential VOUT to the heating 
cutoff circuit 31 similarly to the Schmidt circuit 35 shoWn in 
FIG. 2. Dissimilarly to the Schmidt circuit 35 shoWn in 
FIG. 2, the Schmidt circuit 35 shoWn in FIG. 4 operates 
With drive poWer of not externally supplied poWer V+but the 
potential VIN input in the ?rst input terminal. 

[0066] FIG. 5 is a graph shoWing the input/output char 
acteristics of the Schmidt circuit 35 shoWn in FIG. 4. As 
shoWn in FIG. 5, the Schmidt circuit 35 shoWn in FIG. 4 
Waveform-shapes the level of its poWer supply voltage With 
a hysteretic characteristic. More speci?cally, the Schmidt 
circuit 35 cuts off (high impedance) a supplied input signal 
With respect to an input less than a prescribed value (V2 in 
a voltage rise process and V1 in a voltage drop process) and 
transmits a supplied input signal as such With respect to an 
input exceeding the aforementioned prescribed value. 
According to the Schmidt circuit 35 shoWn in FIG. 4, no 
poWer supply terminal may be provided for supplying drive 
poWer, Whereby the circuit structure can be simpli?ed as 
compared With the Schmidt circuit 35 shoWn in FIG. 2. 

[0067] Referring to FIG. 1, the semiconductor device 3 
generates a control signal for controlling the IGBT 19 on the 
basis of a signal input in a terminal 60 from an external 
control unit (not shoWn) connected to a terminal 7 of the 
poWer converter 1 and inputs the control signal in the 
terminal 63 of the semiconductor device 2 through a termi 
nal 62. In the semiconductor device 3, a Schmidt circuit 9, 
a poWer supply circuit 10, a high voltage detection circuit 11, 
a protective element 13, a logic gate 16 and an output circuit 
formed by a pnp transistor 17 are formed on the same chip 
employing a p-type silicon substrate. The semiconductor 
device 3 has a GND terminal 61 supplied With a GND level. 

[0068] The pnp transistor 17 has an emitter electrode 
connected to a node ND1, a base electrode connected to an 
output terminal of the logic gate 16 and a collector electrode 
connected to the terminal 62 of the semiconductor device 3 
respectively. Alternatively, an output circuit may be formed 
by a p-channel MOSFET in place of the output circuit 
consisting of the pnp transistor 17. FIG. 6 is a circuit 
diagram shoWing another exemplary output circuit. A 
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p-channel MOSFET 37 has a source electrode connected to 
the node ND1, a gate electrode connected to the output 
terminal of the logic gate 16 and a drain electrode connected 
to the terminal 62 of the semiconductor device 3 respec 
tively. 

[0069] Referring again to FIG. 1, the Schmidt circuit 9 is 
provided for preventing a malfunction resulting from ?uc 
tuation of the potential of the p-type silicon substrate 
employed for the semiconductor device 3, and has a Wave 
form shaping function exhibiting a hysteretic characteristic. 
The Schmidt circuit 9 has tWo input terminals including a 
positive phase input terminal and a negative phase input 
terminal, and the positive phase input terminal is connected 
to the terminal 7 (control input terminal from the unillus 
trated control unit) of the poWer converter 1 through a 
terminal 60 of the semiconductor device 3 and a prescribed 
circuit consisting of a resistor. The negative phase input 
terminal receives a prescribed reference potential from a 
poWer source. 

[0070] The poWer supply circuit 10, supplying poWer for 
driving various circuits provided in the semiconductor 
device 3, corresponds to the poWer supply circuit 110 in the 
conventional poWer converter 101 shoWn in FIG. 13. The 
high voltage detection circuit 11, having a function of 
forcibly stopping drive of the IGBT 19 for preventing 
breakage When the voltage of an external battery abnormally 
increases, corresponds to the high voltage detection circuit 
111 in the conventional poWer converter 101 shoWn in FIG. 
13. 

[0071] The protective element 13, having a function of 
protecting a circuit by inhibiting a voltage applied to the 
circuit from exceeding a prescribed level, corresponds to the 
protective element 113 in the conventional poWer converter 
101 shoWn in FIG. 13. 

[0072] When the IGBT 19 is driven, a current ?oWs 
toWard a primary Winding of the ignition coil 5 (toWard the 
poWer converter 1) and a resulting primary Winding voltage 
is multiplied by the turn ratio and transmitted toWard a 
secondary Winding of the ignition coil 5 (toWard the ignition 
plug 4). Sparks come off betWeen gaps of the ignition plug 
4 due to this voltage to combust fuel in a cylinder (not 
shoWn) and provide motive poWer for the engine. 

[0073] When drive of the IGBT 19 is stopped to cut off the 
current ?oWing toWard the primary Winding of the ignition 
coil 5, energy stored in the ignition coil 5 generates force 
(counter electromotive force) stepping up a collector voltage 
of the IGBT 19 to the positive direction. When a voltage 
exceeding a reverse Withstand voltage of the Zener diode 20 
is caused, the Zener diode 20 operates to increase a gate 
voltage of the IGBT 19 and drive the OFF-state IGBT 19 as 
a result. Thus, the collector voltage is kept in a constant 
state. 

[0074] In the poWer converter 1 according to the embodi 
ment 1, as hereinabove described, the timer circuit 115 is 
eliminated from the conventional semiconductor device 103 
shoWn in FIG. 13 and the heating cutoff circuit 31 having a 
simpler structure than the timer circuit 115 is formed in the 
semiconductor device 2 provided With the IGBT 19. There 
fore, the structure of the overall poWer converter 1 can be 
simpli?ed. The heating cutoff circuit 31 directly detects the 
quantity of heat generated from the IGBT 19 and stops drive 
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of the IGBT 19 on the basis of the result of detection. As 
compared With the conventional timer circuit 115 stopping 
drive of the IGBT 119 in response to the continuous ener 
giZation time for the IGBT 119, therefore, the IGBT 19 can 
be more effectively prevented from a failure resulting from 
heat generation. 

[0075] As shoWn in FIG. 1, the potential of the GND 
terminal 61 supplying the GND level of the semiconductor 
device 3 is equal to the potential of a terminal 8 of the poWer 
converter 1 receiving the reference potential from the con 
trol unit (not shoWn). In place of the difference voltage 
comparison circuit 109 in the conventional semiconductor 
device 103, therefore, the Schmidt circuit 9 (having a 
simpler structure than the difference voltage comparison 
circuit 109) simply comparing the voltage input in the 
positive phase input terminal With the constant voltage input 
in the negative phase input terminal can be employed. 
Consequently, the structure of the overall poWer converter 1 
can be simpli?ed as compared With the conventional poWer 
converter 101. Further, the Schmidt circuit 9 may only detect 
the potential of the terminal 60, Whereby restriction of 
elements forming the circuit is reduced and desired electric 
characteristics can be readily attained. 

[0076] In addition, the pnp transistor 17 or the p-channel 
MOSFET 37 is employed as the output circuit of the 
semiconductor device 3 in place of the npn transistor 117 in 
the conventional semiconductor device 103, to be capable of 
attaining the folloWing effect: 

[0077] FIG. 7 is a sectional vieW showing the struc 
ture of the pnp transistor 17 shoWn in FIG. 1. An 
n-type epitaxial layer 82 is formed on the upper 
surface of a p-type silicon substrate 80. A p-type 
emitter region 87 is selectively formed in the upper 
surface of the epitaxial layer 82, and a p-type col 
lector region 85 is formed to enclose the emitter 
region 87. An n-type base region 86 is selectively 
formed in the upper surface of the epitaxial layer 82, 
and a p-type diffusion layer 83 is formed to enclose 
the emitter region 87, the collector region 85 and the 
base region 86. An n+-type embedded diffusion layer 
84 is formed in the bottom surface of the epitaxial 
layer 82 and in the upper surface of the silicon 
substrate 80 under the emitter region 87, the collec 
tor region 85 and the base region 86. Asilicon oxide 
?lm 88 is selectively formed on the upper surface of 
the epitaxial layer 82, and a metal layer 81 is formed 
on the rear surface of the silicon substrate 80. 

[0078] The pnp transistor 17 can be inhibited from a 
malfunction also When the potentials of the silicon substrate 
80 and the epitaxial layer 82 transitionally exceed the 
potential of the collector region 85 While the pnp transistor 
17 is in an OFF state. In other Words, a p-n junction formed 
by the p-type collector region 85 and the n_-type epitaxial 
layer 82 is reverse-biased and hence the pnp transistor 17 is 
not turned on Within a range not exceeding the reverse 
Withstand voltage of the p-n junction. 

[0079] Embodiment 2 

[0080] FIG. 8 is a circuit diagram shoWing the structure of 
a poWer converter according to an embodiment 2 of the 
present invention. As shoWn in FIG. 8, the poWer converter 
according to the embodiment 2 is based on the poWer 
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converter 1 according to the embodiment 1 shoWn in FIG. 
1, With additional formation of a voltage limiting circuit 40 
in a semiconductor device 3. The voltage limiting circuit 40 
has an end connected to a terminal 61 and another end 
connected to a terminal 66 of another semiconductor device 
2 through a terminal 69 of the semiconductor device 3. The 
remaining structure of the poWer converter according to the 
embodiment 2 is similar to that of the poWer converter 1 
according to the embodiment 1. 

[0081] When potential difference exceeding a prescribed 
value is caused betWeen the terminal 61 supplying a GND 
level of the semiconductor device 3 and the terminal 66 
supplying a GND level of the semiconductor device 2, the 
voltage limiting circuit 40 renders the terminals 61 and 66 
conductive for suppressing the aforementioned potential 
difference. 

[0082] FIGS. 9 and 10 are circuit diagrams shoWing 
exemplary structures of the voltage limiting circuit 40 
respectively. The voltage limiting circuit 40 shoWn in FIG. 
9 is formed by parallel-connecting a ?rst diode train pre 
pared by serially connecting a plurality of diodes 41 With 
each other and a second diode train prepared by serially 
connecting a plurality of diodes 41 in opposite directions to 
each other. Alternatively, each of the diode trains may be 
formed by a single diode 41. The voltage limiting circuit 40 
shoWn in FIG. 10 is formed by serially connecting tWo 
Zener diodes 43 and 44 in opposite directions. Alternatively, 
each of the Zener diodes 43 and 44 may be formed by 
serially connecting a plurality of Zener diodes. 

[0083] FIG. 11 is a top plan vieW shoWing the speci?c 
structure of the voltage limiting circuit 40 shoWn in FIG. 10, 
and FIG. 12 is a sectional vieW taken along the line X1-X1 
in FIG. 11. Referring to FIGS. 11 and 12, n_-type epitaxial 
groWth layer 48 is formed on a p-type silicon substrate 47. 
P-type isolation diffusion regions 49, p-type base diffusion 
regions 50 and n+-type emitter diffusion regions 51 are 
selectively formed in the epitaxial groWth layer 48 by 
introducing impurities respectively. The isolation diffusion 
regions 49 reach the upper surface of the silicon substrate 47 
from the upper surface of the epitaxial groWth layer 48. The 
base diffusion regions 50 are formed in a depth not reaching 
the upper surface of the silicon substrate 47 from the upper 
surface of the epitaxial groWth layer 48. The base regions 50 
are formed to include upper portions of the epitaxial groWth 
layer 48 not formed With the isolation diffusion regions 49 
and partially overlap With the isolation diffusion regions 49. 
The emitter diffusion regions 51 are formed more shalloWly 
than the base diffusion regions 50 from the upper surface of 
the epitaxial groWth layer 48 to be surrounded by the base 
diffusion regions 50. Parts of the emitter diffusion regions 51 
are present in regions Where the base diffusion regions 50 
and the isolation diffusion regions 49 overlap With each 
other. 

[0084] Element isolation insulating ?lms 54 are formed on 
the upper surface of the epitaxial groWth layer 48. Metal 
Wires 55a and 56a corresponding to anodes A1 and A2 are 
connected to the isolation diffusion regions 49 respectively, 
While metal Wires 55k and 56k corresponding to cathodes K1 
and K2 are connected to the emitter diffusion regions 51 
respectively. The metal Wire 55a is connected to the terminal 
61, and the metal Wire 56a is connected to the terminal 69. 
The metal Wires 55k and 56k are connected With each other. 
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[0085] Assuming that Vf (V) and V2 (V) represent for 
Ward and reverse voltages of the Zener diodes 43 and 44 
respectively, a current ?oWs When the potential of the silicon 
substrate 47 is set to Zero (V) and a voltage exceeding (VZ 
+Vf) (V) or a voltage less than —(VZ+Vf) (V) is applied to 
the terminal 69 While a high impedance state is attained 
When a voltage Within a range of at least —(VZ+Vf) (V) and 
not more than (VZ +Vf) (V) is applied. 

[0086] In the epitaxial groWth layer 48, n+-type embedded 
diffusion regions 52 and 53 are selectively formed for 
ensuring insulation betWeen elements. The embedded dif 
fusion regions 52 and 53 are formed to enclose the isolation 
diffusion region 49 of the Zener diode 44. 

[0087] A metal Wire 57 connected With an electrode 46 is 
formed on the upper surface of the epitaxial groWth layer 48. 
The potential of the epitaxial groWth layer 48 is ?xed to a 
level exceeding VZ (V) (exceeding the reverse voltage of the 
Zener diode 44) due to a potential supplied from the elec 
trode 46 through the metal Wire 57. 

[0088] Referring to FIG. 12, it is understood that there is 
a parasitic pnp transistor having an emitter de?ned by the 
silicon substrate 47, a base de?ned by the portion of the 
epitaxial groWth layer 48 formed With the metal Wire 57 and 
a collector de?ned by the isolation diffusion region 49 of the 
Zener diode 43. A current can be prevented from ?oWing 
from the silicon substrate 47 into the isolation diffusion 
region 49 of the Zener diode 43 folloWing drive of the 
parasitic pnp transistor, by ?xing the potential of the epi 
taxial groWth layer 48 to a level exceeding VZ (V) from the 
electrode 46 through the metal Wire 57. 

[0089] In the poWer converter according to the embodi 
ment 2, the voltage limiting circuit 40 is provided betWeen 
the terminal 61 supplying the GND level of the semicon 
ductor device 3 and the terminal 66 supplying the GND level 
of the semiconductor device 2 for suppressing the potential 
difference betWeen the terminals 61 and 66 exceeding a 
prescribed value. Therefore, it is possible to suppress a 
malfunction resulting from abnormally large potential dif 
ference betWeen the terminals 61 and 66, and a poWer 
converter having a smaller malfunction can be obtained. 

[0090] The voltage limiting circuit 40 is formed in the 
semiconductor device 3, Whereby the number of compo 
nents can be reduced as compared With the case of forming 
the voltage limiting circuit 40 as a component independent 
of the semiconductor device 3. 

[0091] 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 modi?cations and variations can be devised With 
out departing from the scope of the invention. 

What is claimed is: 
1. A poWer converter comprising: 

a ?rst semiconductor device including: 

a ?rst semiconductor substrate, and 

a poWer conversion element formed on said ?rst semi 
conductor substrate; and 

a second semiconductor device formed on a second 
semiconductor substrate different from said ?rst semi 
conductor substrate for generating a control signal for 
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controlling drive of said power conversion element and 
inputting said control signal in said ?rst semiconductor 
device on the basis of a signal input from an external 
control unit. 

2. The poWer converter according to claim 1, Wherein 

said ?rst semiconductor device further includes a cutoff 
circuit formed on said ?rst semiconductor substrate for 
detecting the temperature of said ?rst semiconductor 
substrate on a portion formed with said poWer conver 
sion element and stopping drive of said poWer conver 
sion elernent When said ternperature exceeds a pre 
scribed level. 

3. The poWer converter according to claim 1, Wherein 

said ?rst semiconductor device further includes a wave 
form shaping circuit exhibiting a hysteretic character 
istic, formed on said ?rst semiconductor substrate, and 

said Waveforrn shaping circuit operates With drive poWer 
of a potential input in its oWn input terminal. 

4. The poWer converter according to claim 1, Wherein 

said second semiconductor device has an output circuit 
for outputting said control signal, formed on said 
second semiconductor substrate, and 

said output circuit is formed by a pnp transistor or a 
p-channel MOSFET formed in an n-type serniconduc 
tor layer. 

5. The poWer converter according to claim 1, Wherein 

said ?rst semiconductor device and said second sernicon 
ductor device individually include GND terrninals sup 
plied With GND levels. 

6. The poWer converter according to claim 5, further 
comprising 

a voltage lirniting circuit lirniting a potential difference 
betWeen said GND level of said ?rst semiconductor 
device and said GND level of said second sernicon 
ductor device Within a prescribed value. 

7. The poWer converter according to claim 6, Wherein 

said voltage lirniting circuit is formed on said second 
semiconductor substrate. 

8. The poWer converter according to claim 6, Wherein 

said voltage lirniting circuit is formed by parallel-con 
necting a ?rst diode train having at least one diode and 
a second diode train having at least one diode in 
opposite directions to each other. 

9. The poWer converter according to claim 6, Wherein 

said voltage lirniting circuit is formed by serially con 
necting at least tWo Zener diodes in opposite directions. 

10. A poWer converter comprising: 

a ?rst semiconductor device having a poWer conversion 
elernent formed on a ?rst semiconductor substrate; and 
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a second semiconductor device formed on a second 

semiconductor substrate different from said ?rst serni 
conductor substrate for generating a control signal for 
controlling drive of said poWer conversion element and 
inputting said control signal in said ?rst semiconductor 
device on the basis of a signal input from an external 
control unit, Wherein 

said ?rst semiconductor device and said second sernicon 
ductor device individually include GND terrninals sup 
plied With GND levels. 

11. The poWer converter according to claim 10, further 
comprising 

a voltage lirniting circuit lirniting a potential difference 
betWeen said GND level of said ?rst semiconductor 
device and said GND level of said second sernicon 
ductor device Within a prescribed value. 

12. The poWer converter according to claim 11, Wherein 

said voltage lirniting circuit is formed on said second 
semiconductor substrate. 

13. The poWer converter according to claim 11, Wherein 

said voltage lirniting circuit is formed by parallel-con 
necting a ?rst diode train having at least one diode and 
a second diode train having at least one diode in 
opposite directions to each other. 

14. The poWer converter according to claim 11, Wherein 

said voltage lirniting circuit is formed by serially con 
necting at least tWo Zener diodes in opposite directions. 

15. A semiconductor device comprising: 

a semiconductor substrate; 

a poWer conversion elernent formed on said serniconduc 
tor substrate; and 

a cutoff circuit formed on said semiconductor substrate 
for detecting the temperature of said semiconductor 
substrate on a portion formed with said poWer conver 
sion element and stopping drive of said poWer conver 
sion elernent When said ternperature exceeds a pre 
scribed level. 

16. The serniconductor device according to claim 15, 
further comprising 

a waveform shaping circuit exhibiting a hysteretic char 
acteristic, formed on said semiconductor substrate, 
Wherein 

said Waveforrn shaping circuit operates With drive poWer 
of a potential input in its oWn input terminal. 


