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(57) ABSTRACT 
A circuit device having Superior Voltage resistance is pro 
vided. A structure is achieved that omits the resin layer that is 
normally provided to the top surface of a circuit board. Spe 
cifically, a ceramic Substrate (22) is disposed on the top Sur 
face of a circuit board (12) comprising a metal, and a transis 
tor (34) such as an IGBT is mounted to the top surface of the 
ceramic substrate (22). As a result, the transistor (34) and the 
circuit board (12) are insulated from each other by the 
ceramic substrate (22). The ceramic substrate (22), which 
comprises an inorganic material, has an extremely high Volt 
age resistance compared to the conventionally used insulating 
layer comprising resin, and so even if a high Voltage on the 
order of 1000V is applied to the transistor (34), short circuit 
ing between the transistor (34) and the circuit board (12) is 
prevented. 
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1. 

CIRCUIT DEVICE 

REFERENCE TO RELATED APPLICATIONS 

This application is a national stage application under 35 
USC 371 of International Application No. PCT/JP2011/ 
005211, filed Sep. 15, 2011, which claims the priority of 
Japanese Patent Application No. 2010-213696, filed Sep. 24. 
2010, the entire contents of which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

A preferred embodiment of the invention relates to a circuit 
device, and specifically, relates to a circuit device in which a 
power semiconductor element for Switching a high current is 
mounted on the upper Surface of a circuit board. 

BACKGROUND OF THE INVENTION 

With reference to FIG. 8, the configuration of a conven 
tional configuration integrated circuit device 100 will be 
explained. Firstly, a predetermined electric circuit is formed 
such that a conductive pattern 103 is formed on the surface of 
a rectangular substrate 101 with an insulating layer 102 inter 
posed therebetween, and circuit elements are fixed to the 
conductive pattern 103. Here, as the circuit elements, a semi 
conductor element 105A is fixed thereto. Further, an elec 
trode formed on an upper Surface of the semiconductor ele 
ment 105A is connected to the desired conductive pattern 103 
through a fine metal wire 114. Moreover, a lead 104 is con 
nected to a pad 109 made of the conductive pattern 103 
formed in a periphery part of the substrate 101, and functions 
as an external terminal. A sealing resin 108 has a function of 
sealing the electric circuit formed on the surface of the sub 
Strate 101. 
A case material 111 has a frame-like shape, and abuts on 

the side surfaces of the substrate 101, whereby a space for 
filling the sealing resin 108 is formed on the upper surface of 
the Substrate 101. 
A manufacturing method of the hybrid integrated circuit 

device 100 of the configuration mentioned above is as fol 
lows. Firstly, the conductive pattern 103 having a predeter 
mined shape is formed on the upper surface of the substrate 
101, the upper surface coated with the insulating layer 102 
made of a resin. Next, a circuit element Such as the semicon 
ductor element 105A is placed on the upper surface of the 
substrate 101, and the predetermined conductive pattern 103 
and the semiconductor element 105A are electrically con 
nected to each other. In addition, the lead 104 is fixed to the 
conductive pattern 103 formed in a pad shape. Next, the case 
material 111 is attached, and the liquid or semisolid sealing 
resin 108 is injected into a space surrounded by the case 
material 111 and then is cured by heating, thereby sealing the 
semiconductor element 105A and the fine metal wire 114 
with the resin. 

Patent Document 1: Japanese Patent Application Publica 
tion No. 2007-036014 

SUMMARY OF THE INVENTION 

However, the hybrid integrated circuit device 100 men 
tioned above has a problem that the breakdown voltage of the 
insulating layer 102 is not sufficiently high in the case where 
a circuit (for example, a boost chopper circuit) which boosts 
the voltage to about several hundred volts to several thousand 
volts is assembled on the upper surface of the substrate 101. 
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2 
Specifically, the upper surface of the substrate 101 is 

coated with the insulating layer 102 having a thickness of 
about 100 um, and the insulating layer 102 is made of an 
epoxy resin into which a filler Such as alumina is mixed. In 
other words, the conductive pattern 103 connected to the 
circuit elements such as the semiconductor element 105A and 
the substrate 101 made of a metal such as aluminum are 
insulated from each other with the insulating layer 102. 

However, since the epoxy resin as a main material of the 
insulating layer 102 has a low dielectric strength, there arises 
a problem of a short circuit between the conductive pattern 
103 and substrate 101 due to a dielectric breakdown of the 
insulating layer 102 when the conductive pattern 103 receives 
a high voltage of about several hundred volts to several thou 
sand Volts. 

Moreover, if the insulating layer 102 is made thicker in 
order to solve the problem, the insulating layer 102 can secure 
the breakdown Voltage, but has such a high thermal resistance 
that there arises another problem that the heat generated by 
the semiconductor element 105A during operation is poorly 
dissipated to the outside. 
The preferred embodiment of the invention was made in 

view of the problems described above, and a main objective of 
the preferred embodiment of the invention is to provide a 
circuit device having both high heat dissipation property and 
high Voltage endurance. 
A circuit device in the preferred embodiment of the inven 

tion includes: a circuit board made of a metal; an island made 
of a metal film and provided on an upper Surface of the circuit 
board; a fixation substrate made of a ceramic and fixed to the 
island with a fixing material; and an semiconductor element 
mounted on an upper surface of the fixation substrate. 

According to the preferred embodiment of the invention, a 
fixation Substrate made of a ceramic is placed on an upper 
Surface of a circuit board made of a metal such as aluminum, 
and a semiconductor element Such as a power transistor is 
mounted on an upper Surface of the fixation Substrate. Thus, 
the circuitboard is insulated from the semiconductor element 
by the ceramic made of an inorganic material and having a 
high breakdown Voltage. Accordingly, even when the semi 
conductor element receives a high Voltage of about several 
thousand volts, a short circuit between the circuit board and 
the semiconductor element can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts views of a circuit device according to a 
preferred embodiment of the invention, FIG. 1A is a cross 
sectional view thereof, and FIG. 1B is a cross-sectional view 
illustrating an enlarged portion where circuit elements are 
mounted. 

FIG. 2 depicts views of the circuit device in the preferred 
embodiment of the invention, FIG. 2A is a plan view thereof, 
and FIG. 2B is a cross-sectional view thereof. 

FIGS. 3A and 3B are plan views illustrating enlarged por 
tions of the circuit device in the preferred embodiment of the 
invention. 

FIG. 4A is a circuit diagram illustrating a solar power 
generation system in which a hybrid integrated circuit device 
in the preferred embodiment of the invention is incorporated, 
and FIG. 4B is a partially enlarged circuit diagram. 

FIG. 5 depicts views illustrating a manufacturing method 
of the circuit device in the preferred embodiment of the inven 
tion, FIG. 5A is a plan view, FIG. 5B is a cross-sectional view, 
and FIG. 5C is an enlarged cross-sectional view. 

FIG. 6 depicts views illustrating the manufacturing method 
of the circuit device in the preferred embodiment of the inven 



US 9,271,397 B2 
3 

tion, FIG. 6A is a plan view, FIG. 6B is a cross-sectional view, 
and FIG. 6C is an enlarged cross-sectional view. 

FIG.7 depicts views illustrating the manufacturing method 
of the circuit device in the preferred embodiment of the inven 
tion, and FIG. 7A to FIG. 7C are cross-sectional views. 

FIG. 8 is a cross-sectional view illustrating a circuit device 
in the background art. 

DETAILED DESCRIPTION OF THE INVENTION 

With reference to FIG. 1 to FIG.3, the structure of a hybrid 
integrated circuit device 10 will be explained as an example of 
a circuit device. 

With reference to FIG. 1, the hybrid integrated circuit 
device 10 is a circuit device in which a hybrid integrated 
circuit including multiple circuit elements is assembled on an 
upper surface of a circuit board 12. Specifically, the hybrid 
integrated circuit device 10 includes ceramic substrates 22 
placed on the upper surface of the circuitboard 12 made of a 
metal, and a transistor 34 and a diode 36 (semiconductor 
elements) which are mounted on an upper Surface of the 
ceramic Substrate 22 (fixation Substrate). In addition, a frame 
shaped case material 14 is placed on the upper Surface of the 
circuit board 12, and a sealing resin 16 is filled in a space 
surrounded by the case material 14. Moreover, a substrate 42 
provided with signal leads 44 is disposed above the circuit 
board 12. Still further, an output lead 28 and the like are 
integrally embedded in the case material 14, and semicon 
ductor elements including the transistor 34 are electrically 
connected to the output lead 28 through fine metal wires 26. 
The circuitboard 12 is a circuitboard containing aluminum 

(Al), copper (Cu), or the like as a main material. When a 
Substrate made of aluminum is employed as the circuit board 
12, in order to improve the heat dissipation property, the 
circuit board 12 has a thickness of, for example, about 0.5 mm 
or more and 2.0 mm or less. Anodized films are formed on 
both main surfaces of the circuit board 12, and the upper 
surface of the circuit board 12 is coated with an insulating 
layer 50. 
The ceramic Substrate 22 is made of an inorganic Solid 

material such as Al-O (alumina), AN (aluminum nitride), or 
the like, and has a thickness of, for example, 0.25 mm or more 
and 1.0 mm or less. The ceramic substrate 22 has a function of 
insulating the transistor 34 mounted on the upper Surface 
thereof from the circuit board 12. The structure of fixing the 
ceramic substrate 22 to the circuit board 12 will be described 
later with reference to FIG. 1B. Moreover, the heat generated 
by the transistor 34 or the diode 36 during operation is dissi 
pated to the outside through the ceramic substrate 22 and the 
circuit board 12. 
The case material 14 is formed in a frame shape by injec 

tion molding of a resin material Such as an epoxy resin. 
Moreover, the case material 14 is fixed to the upper surface of 
a periphery part of the circuit board 12 to form a space for 
resin-sealing of the circuit elements such as the transistor 34 
on the upper surface of the circuit board 12. 

In addition, the output lead 28 through which an output 
signal of a high current Switched by the transistor 34 passes is 
integrally incorporated in the case material 14. Such a struc 
ture is implemented by injection molding of the resin material 
of the case material 14 with the output lead 28. In addition, 
wiring leads 40 each shaped in an L-character are disposed 
inside the case material 14, and the wiring leads 40 are con 
nected to control electrodes of the transistors 34 through the 
fine metal wires 26. Here, multiple output leads 28 incorpo 
rated in the case material 14 are disposed on the same plane. 
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4 
Portions of the wiring leads 40 around the upper ends are 

fixed by being inserted into through-holes of the substrate 42. 
In other words, the circuit elements such as the transistor 34 
which are disposed on the upper surface of the circuit board 
12 are electrically connected to the substrate 42 through the 
wiring leads 40. Multiple signal leads 44 are disposed on the 
Substrate 42, and the signal leads 44 function as external 
connection terminals. The substrate 42 is formed of, for 
example, a glass epoxy Substrate having a thickness of about 
1 mm and having conductive patterns formed on the main 
surface thereof. 
The sealing resin 16 is made of a resin material. Such as an 

epoxy, into which a filler such as alumina is filled, and is filled 
into the space Surrounded by the case material 14 on the upper 
surface of the circuit board 12. Further, the sealing resin 16 
seals the ceramic substrate 22, the transistor 34, the diode 36, 
the fine metal wires 26, the substrate 42, and the like. 

With reference to FIG. 1B, the structure of fixing the 
ceramic substrate 22 to the circuit board 12 will be explained. 
Firstly, when the circuit board 12 is a circuit board made of 
aluminum, the upper Surface and the lower Surface of the 
circuit board 12 are respectively coated with oxide films 46 
and 48 formed of anodized aluminum by anodic oxidation. 
Further, the upper surface of the circuit board 12 is coated 
with the thin insulating layer 50 as mentioned above. Here, 
the insulating layer 50 may be omitted, and an island 18 may 
be formed directly on an upper surface of the oxide film 46 
which coats the upper surface of the circuit board 12. This 
further improves the heat dissipation property. 

Further, on an upper surface of the insulating layer 50 
which coats the circuit board 12, the island 18 having a 
thickness of about 50 um is formed by etching a metal film 
Such as copper in a predetermined shape. The island 18 is not 
used as wiring for an electric signal to pass. In the embodi 
ment, the island 18 is used for improving the wettability of a 
fixing material 38 used to fix the ceramic substrate 22. 
The lower surface of the ceramic substrate 22 is coated 

with a metal film 20 having a thickness of about 250 um. Here, 
the metal film 20 is formed to entirely coverall over the lower 
surface region of the ceramic substrate 22. Thus, when solder 
is used as the fixing material 38, the solder is excellently 
welded to the entire lower surface region of the ceramic 
substrate 22. Moreover, the solder is excellently welded also 
to the island 18 provided on the upper surface of the circuit 
board 12. Accordingly, the ceramic substrate 22 is firmly 
fixed to the circuit board 12 with the fixing material 38. 
Further, the solder which is a metal excellent in thermal 
conductivity is employed as the fixing material 38 to allow the 
heat generated by the transistor 34 during operation to be 
excellently conducted to the circuit board 12. 
On the upper Surface of the ceramic Substrate 22, a con 

ductive pattern 24 in which a metal film having a thickness of 
about 250 um is etched in a predetermined shape is formed. 
Further, the transistor 34 or the diode 36 is mounted on the 
conductive pattern 24 with the conductive fixing material 
Such as the solder. The conductive pattern 24 is configured to 
include islands on which the circuit elements such as the 
transistor 34 are mounted, a wiring section for connecting the 
elements to each other, and a pad for bonding a fine metal 
wire, and the like. 
As for the transistor 34, a MOSFET, an IGBT, or a bipolar 

transistor is employed. Here, as for the transistor 34, for 
example, a power transistor which performs Switching of a 
high current, for example, having a current value of one 
ampere or more is employed. An electrode provided on the 
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lower surface of the transistor 34 is connected to the conduc 
tive pattern 24 with the conductive fixing material such as the 
solder. 
The diode 36 has an electrode provided on the upper sur 

face thereof and connected to the transistor 34 with the fine 
metal wire 26, and an electrode provided on the lower surface 
thereof and connected to the conductive pattern 24 with the 
conductive fixing agent such as the Solder. Here, when the 
transistor 34 is an IGBT, an emitter electrode provided on the 
upper Surface of the transistor 34 is connected to an anode 
electrode provided on the upper surface of the diode through 
the fine metal wire 26. Further, a collector electrode provided 
on the lower surface of the transistor 34 is connected to a 
cathode electrode provided on the lower surface of the diode 
through the conductive pattern 24. The details of the connec 
tion structure will be described later with reference to the 
circuit diagram illustrated in FIG. 4. 

Here, the fine metal wires 26 mentioned above and used for 
the electric connection between the transistors and the like are 
made of for example, aluminum having a diameter of about 
200 Lum. Moreover, instead of the fine metal wires 26, ribbon 
bonding in which a metal foil Such as aluminum is formed in 
a ribbon state may be employed. 

In the embodiment, similar to the technology in the back 
ground art, the insulating layer 50 made of a resin is provided 
on the upper surface of the circuit board 12. The insulating 
layer 50 has a thickness of, for example, 60 um (50 um or 
more and 70 um or less). The material of the insulating layer 
50 is similar to that in the background art, and obtained such 
that a filler Such as alumina is highly filled into a resin mate 
rial Such as an epoxy resin. 
The upper surface of the circuit board 12 is coated with the 

insulating layer 50 in order to easily form the island 18. In 
other words, it is possible to form the island 18 made of 
copper directly on the upper surface of the oxide film 46 
which coats the upper surface of the circuit board 12, how 
ever, this results in a weaker adhesion strength between the 
circuit board 12 and the island 18. Therefore, in the embodi 
ment, the insulating layer 50 made of an organic material is 
interposed between the circuit board 12 and the island 18 to 
improve the adhesion strength between the island 18 and the 
circuit board 12. 

Here, the breakdown voltage of the insulating layer 50 
formed to be thin is lower than that in the background art. 
However, because the island 18 formed on the upper surface 
of the insulating layer 50 is not connected to the transistor 34, 
the high breakdown Voltage is not necessary for the insulating 
layer 50 in the embodiment. 

In addition, the thermal conductivity of the thin insulating 
layer 50 in the embodiment is 4W/mK or more, which is four 
or more times the thermal conductivity of the thick insulating 
layer 102 having a thickness of about 200 um. Accordingly, it 
is possible to excellently dissipate the heat generated in the 
transistor 34 to the outside through the insulating layer 50. 

With reference to FIG. 2, the overall configuration of the 
hybrid integrated circuit device 10 will be explained. FIG. 2A 
is a plan view illustrating the hybrid integrated circuit device 
10, and FIG. 2B is a cross-sectional view thereof. 

With reference to FIG. 2A, multiple ceramic substrates are 
disposed on the upper surface of the circuit board 12. Spe 
cifically, seven ceramic substrates 22A-22G are fixed to the 
upper surface of the circuitboard 12, and each predetermined 
circuit element is mounted on the upper Surface of each of the 
ceramic substrates 22A-22G. 

Transistors including an IGBT and the like and diodes are 
mounted on the upper Surfaces of the ceramic Substrates 22A 
to 22D. Further, transistors are mounted on the ceramic sub 
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6 
strate 22F, diodes are mounted on the ceramic substrate 22E, 
and resistances are mounted on the ceramic Substrate 22G. 
The resistance is for detecting a value of current which passes 
through an output lead 33. 

Here, output leads integrally incorporated in the case mate 
rial 14 will be explained. With reference to FIG. 2A, six 
output leads are incorporated here. The output lead 28 is a 
lead for mutually connecting the transistors inside the case 
material 14. The output leads 30 and 33 are leads through 
which direct-current power Supplied from the outside passes. 
The output leads 29, 31, and 32 are leads for outputting 
alternating-current power converted by a built-in inverter cir 
cuit. In addition, a portion of each of the leads exposed to the 
outside may be provided with a through-hole for a screw. 

Moreover, with reference to FIG. 2B, the wiring leads 40 
are fixed to stepped portions provided around both right and 
left ends of the case material 14. 

Therefore, the case material 14 of the embodiment not only 
has a function of securing an internal space into which the 
sealing resin 16 is filled, above the circuit board 12. The case 
material 14 of the embodiment but also has a function of 
fixing the output leads through which a high-voltage current 
passes to predetermined portions. In addition, the case mate 
rial 14 of the embodiment also has a function of insulating the 
output leads from the circuit board 12. 
As shown in FIG. 2B, the circuit elements such as transis 

tors mounted on the upper Surface of the ceramic Substrates 
22B and 22F are connected to the output leads 30 and 28 
through the fine metal wires. In addition, electrodes provided 
on the upper surface of the transistor 34 are connected to the 
wiring leads 40 through the fine metal wires 26. 

Moreover, in the hybrid integrated circuit device 10 of the 
embodiment, no conductive pattern is formed on the upper 
surface of the circuit board 12. Accordingly, the elements are 
electrically connected to each other via the output leads 28 
and 30 embedded in the case material 14, the wiring leads 40 
and the fine metal wires 26. This improves the insulation 
property while eliminating the high-voltage resistant insulat 
ing layer which is made of a resin and coats the upper Surface 
of the substrate in the background art. 

Moreover, although the output leads 28 and 30 are insu 
lated from the circuit board 12 with the case material 14, the 
case material 14 which coats the lower surfaces of the output 
leads 28 and 30 is thick with a thickness of about 1.0 mm or 
more, whereby a Sufficient Voltage endurance can be 
obtained. 

With reference to FIG. 3, the structure of connecting the 
circuit elements placed on the upper Surfaces of the respective 
ceramic substrates will be explained. FIG. 3A and FIG. 3B 
are plan views illustrating partial enlarged portions of the 
circuit board 12. Note that, in the drawings, hatched regions 
indicate conductive patterns formed on the upper Surfaces of 
the ceramic Substrates. 

With reference to FIG. 3A, on the upper surface of the 
circuit board 12, the ceramic substrates 22F and 22E are 
adjacent to but separated from each other by a predetermined 
distance. Here, elements mounted on the ceramic Substrates 
22F and 22E constitute a converter circuit illustrated in FIG. 
4A. 
Two transistors Q1s are fixed to the conductive pattern 

disposed on the upper surface of the ceramic substrate 22F via 
a conductive jointing material Such as the Solder. Here, as for 
the transistor Q1, an IGBT or a MOSFET is employed. Fur 
ther, collector electrodes on the lower surfaces of the transis 
tors are connected through the conductive pattern formed on 
the upper surface of the ceramic substrate 22F. Moreover, 
emitter electrodes formed on the upper surfaces of the two 
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transistors Q1s are connected to the output lead 28 through 
the multiple fine metal wires 26. In addition, gate electrodes 
provided on the upper surfaces of the transistors Q1s are 
connected to the wiring leads 40 embedded in the case mate 
rial 14 through the fine metal wires 26. 

Multiple diodes D1s are mounted on the conductive pattern 
formed on the upper surface of the ceramic substrate 22E via 
the conductive jointing material Such as the solder. Anode 
electrodes formed on the upper surfaces of the diodes D1s are 
connected to the collector electrodes of the transistors Q1s 
through the fine metal wires 26 and the conductive pattern of 
the ceramic substrate 22F. Further, cathode electrodes formed 
on the lower surfaces of the diodes D1s are connected to the 
conductive pattern of the ceramic substrate 22E through the 
output lead 30 and the fine metal wires 26. 

With reference to FIG. 3B, transistors and diodes consti 
tuting an inverter are mounted on the upper Surfaces of the 
ceramic substrates 22A and 22B. 

Specifically, on the upper surface of the ceramic substrate 
22A, two transistors Q2s and four diodes D2s are connected 
to the same conductive pattern via the solder. Accordingly, 
collector electrodes provided on the lower surfaces of the 
transistors Q2s are electrically connected to cathode elec 
trodes provided on the lower surfaces of the diodes D3s. 
Moreover, gate electrodes disposed on the upper Surfaces of 
the transistors Q2s connected to the wiring leads 40 of the 
case material 14 through the conductive patterns of the 
ceramic substrate 22A and the fine metal wires 26. Mean 
while, emitter electrodes disposed on the upper surfaces of 
the transistors Q2s are connected to anode electrodes pro 
vided on the upper surfaces of the diodes D3s through the fine 
metal wires 26, and is further connected to the conductive 
pattern of the ceramic substrate 22B. Accordingly, the elec 
trodes provided on the upper surfaces of the transistors Q2s 
and the diodes D3s mounted on the ceramic substrate 22A are 
connected to electrodes provided on the lower surfaces of 
transistors Q3s and diodes D3s mounted on the adjacent 
ceramic substrate 22B. 

Here, the upper surface of the ceramic substrate 22A is 
provided with a pattern for element mounting and multiple 
patterns for connecting fine metal wires to each other. Further, 
the same conductive patterns are formed on the ceramic Sub 
strates 22A-22D on which elements constituting an inverter 
circuit are mounted. Moreover, although the ceramic Sub 
strate 22E is not a substrate on which the elements of the 
inverter are mounted, a ceramic pattern having the same con 
ductive pattern as those of the ceramic substrates 22A-22D is 
employed. Therefore, providing the common pattern shape to 
the ceramic Substrates reduces the kinds of pattern shapes of 
the ceramic Substrates, thereby making it possible to reduce 
the manufacturing cost. 

The configuration of conductive patterns provided to the 
ceramic substrate 22B and elements mounted thereon are 
similar to those of the ceramic substrate 22A. In other words, 
rear surface electrodes of the two transistors Q3s and the four 
the diodes D3s are connected to the upper surface of one 
conductive pattern via the solder, and emitter electrodes of the 
transistors Q3s and anode electrodes of the diodes D3s are 
connected to the output lead 28 through the fine metal wires 
26. In addition, gate electrodes which are control electrodes 
of the transistors Q3s are connected to the wiring leads 40 
through the conductive patterns on the ceramic substrate 22B 
and the fine metal wires. Moreover, the conductive pattern on 
which the transistors Q3s and the like are mounted is con 
nected to the output lead 29 through the multiple fine metal 
wires 26. 
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8 
Moreover, the pattern shape of the ceramic substrates 22C 

and 22D, elements mounted on the ceramic substrates 22C 
and 22D, and the connection structure thereof, illustrated in 
FIG. 2A, are similar to those of the ceramic substrates 22A 
and 22B mentioned above. In other words, two transistors and 
four diodes are connected to each of the upper surfaces of the 
ceramic substrates 22C and 22D. Further, the elements placed 
on the upper Surface of the ceramic Substrate 22C are con 
nected to the elements placed on the ceramic substrate 22D 
through the fine metal wires. In addition, the elements 
mounted on each of the upper Surfaces of the ceramic Sub 
strates 22C and 22D are electrically connected to the output 
leads and the wiring leads through the fine metal wires. 

Next, with reference to FIG.4, the circuit configuration of 
a Solar cell generation system in which the hybrid integrated 
circuit device 10 mentioned above is incorporated will be 
explained. FIG. 4A is a circuit diagram illustrating an overall 
Solar cell generation system, and FIG. 5B is a circuit diagram 
illustrating the transistor Q3 included in the system in detail. 
The generation system illustrated in the drawing is pro 

vided with a Solar cell 70, a Solar cell opening and closing unit 
72, a boost chopper 74, an inverter 76, and relays 78 and 80. 
The electric power generated by the generation device of such 
a configuration is Supplied to an electric power system 82 or 
a load 84 for self-sustaining operation. Moreover, a converter 
86 and the inverter 76 which are parts of the boost chopper 74 
are incorporated in the hybrid integrated circuit device 10 of 
the embodiment. 
The solar cell 70 is a converter to convert radiated light into 

electric power to be outputted, and outputs the direct-current 
electric power. Although one solar cell 70 is illustrated here, 
multiple solar cells 70 connected in series may be employed. 
The solar cell opening and closing unit 72 is provided with 

a function of collecting the electricity generated in the Solar 
cell 70 and preventing backflow thereof, and supplying a 
direct-current current to the boost chopper 74. 
The boost chopper 74 is provided with a function of boost 

ing a Voltage of the direct-current power Supplied from the 
solar cell 70. In the boost chopper 74, the transistor Q1, which 
is a MOSFET, repeats an ON operation and an OFF operation 
periodically to boost the direct-current power at the voltage of 
about 250V generated by the solar cell 70 to the direct-current 
power of about 370 V. Specifically, the boost chopper 74 is 
provided with a coil L1 connected in series to an output 
terminal of the solar cell, and the transistor Q1 connected 
between the coil L1 and a ground terminal. Further, the direct 
current power boosted by the coil L1 is supplied to the 
inverter 76 of the next stage via the diode D1 and a smoothing 
capacitor C1 for a backflow device. 

In the embodiment, the transistors Q1s and the diodes D1s 
included in the boost chopper 74 are placed on the upper 
surfaces of the ceramic substrates 22F and 22E illustrated in 
FIG. 2A. Moreover, the switching of the transistor Q1 is 
performed on the basis of control signals externally supplied 
through the signal leads 44 and the wiring leads 40, illustrated 
in FIG. 1A. 
The direct-current power boosted by the boost chopper 74 

is converted into alternating-current power having a predeter 
mined frequency by the inverter 76. The inverter 76 is pro 
vided with the two transistors Q2 and Q4 connected in series 
between the output terminal of the boost chopper 74, and two 
transistors Q3 and Q5 connected in series as well. Moreover, 
the switching of these transistors are controlled by a control 
signal Supplied from the outside, the transistors Q2 and Q3 
and the transistors Q4 and Q5 are complementarily switched. 
Further, the alternating-current power set to the predeter 
mined frequency by these Switching is outputted to the out 
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side from a connection point between the transistors Q2 and 
Q3 and a connection point between the transistors Q4 and Q5. 
Here, the two-phase inverter circuit consisting of four tran 
sistors is constructed. 

In the embodiment, the transistors Q2 to Q5 constituting 
the inverter 76 are fixed to the ceramic substrates 22A, 22B, 
22C, and 22D illustrated in FIG. 2A. 
The alternating-current power converted by the inverter 76 

is supplied to the commercial electric power system 82 or the 
load 84 for self-sustaining operation. The relay 78 is inter 
posed between the electric power system 82 and the inverter 
76, the relay 78 is in a conduction state at the normal time, and 
the relay 78 is in a cut-off state if abnormality is detected 
either one of electric power system 82 and the inverter 76. 
Moreover, the relay 80 is interposed also between the inverter 
76 and the load for self-sustaining operation, and the Supply 
of electric power is cut off by the relay 80 in an abnormal 
State. 

As mentioned above, in the embodiment, the elements 
included in the boost chopper 74 and the inverter 76 are fixed 
to the upper surfaces of the ceramic substrates 22 illustrated in 
FIG.1. Accordingly, when the elements receive the voltage at 
several hundred volts to several thousand volts without a 
high-breakdown Voltage insulating resin material being inter 
posed between these elements and the circuit board 12, no 
short circuit is generated between the elements and the circuit 
board 12. 

With reference to FIG. 4B, the transistor Q3 which is one of 
the transistors included in the inverter 76 mentioned above is 
configured to include transistors Q31 and Q32, which are two 
IBGTs, and four diodes D31, D32, D33, and D34 which are 
inversely connected to main electrodes of these transistors. 
The transistor Q31 and the transistor Q32 are connected to 

each other in parallel. Specifically, gate electrodes, emitter 
electrodes, and collector electrodes of the transistor Q31 and 
the transistor Q32 are connected in common. Thus, the larger 
current capacity can be obtained than in the case of one 
transistor. 

Moreover, anode electrodes of the diodes D31, D32, D33, 
and D34 are connected to the emitter electrodes of the tran 
sistor Q31 and the transistor Q32. Further, cathode electrodes 
of these diodes are connected to the collector electrodes of the 
transistor Q31 and the transistor Q32. 

Next, with reference to FIG. 5 to FIG. 7, a manufacturing 
method of the hybrid integrated circuit device 10 mentioned 
above will be explained. 

Firstly, with reference to FIG. 5, the circuit board 12 is 
prepared. FIG. 5A is a plan view illustrating this process, and 
FIG. 5B and FIG. 5C are cross-sectional views illustrating 
this process. 

With reference to FIG.5A and FIG.SB, the circuitboard 12 
to be prepared is a circuit board made of a thick metal. Such as 
aluminum and copper, having a thickness of about 1 mm to 3 
mm. When aluminum is employed as a material of the circuit 
board 12, the upper surface and the lower surface of the circuit 
board 12 are coated with anodized films. In addition, the 
upper surface of the circuit board 12 is coated with the insu 
lating layer 50 having a thickness of about 60 um or less. This 
allows an adhesion strength of an island 18B and the like to 
the circuit board 12 to be improved. 

Note that, the circuitboard 12 is molded in a predetermined 
shape by performing press processing or grinding processing 
with respect to a large-sized circuit board. 

Islands 18A-18G are formed by etching the copper foil 
stuck on the upper surface of the circuit board 12 in a prede 
termined shape. The islands 18A-18G are not for circuit ele 
ments such as transistors being mounted thereon but for 
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10 
improving the wettability of solder used when ceramic sub 
strate is mounted, which is described later. 
With reference to FIG.5C, when aluminum is employed as 

a material of the circuit board 12, the upper surface and the 
lower surface of the circuit board 12 are respectively coated 
with the oxide films 46 and 48 formed of anodized aluminum 
by anodic oxidation. In addition, the upper Surface of the 
oxide film 46 is coated with the insulating layer 50 made of a 
resin material, and on the upper Surface of the insulating layer 
50, the island 18B is formed. 

Further, the island 18B is formed on the upper surface of 
the insulating layer 50 which coats the upper surface of the 
circuit board 12. Accordingly, although the insulating layer 
50 is present between the circuit board 12 and the island 18B, 
because the insulating layer 50 formed to be thin has an 
extremely high thermal conductivity, therefore the thermal 
conductivity of the entire substrate is extremely high. 

Next, with reference to FIG. 6, ceramic substrates are dis 
posed on predetermined portions of the circuit board 12. FIG. 
6A is a plan view illustrating this process, and FIG. 6B and 
FIG. 6C are cross-sectional views. 
With reference to FIG. 6A, the ceramic substrates 22A 

22G on which predetermined circuit elements such as tran 
sistors and diodes are mounted are fixed to the upper Surface 
of the circuitboard 12. Here, the ceramic substrates 22A-22G 
are respectively fixed to the upper surfaces of the islands 
18A-18G formed on the upper surface of the circuit board 12 
in the previous process. 

With reference to FIG. 6C, the conductive pattern 24 and 
the metal film 20 are respectively formed on the upper surface 
and the lower surface of the ceramic substrate 22. Further, the 
metal film 20 with which the lower surface of the ceramic 
substrate 22 is coated is fixed to the island 18 provided on the 
upper surface of the circuit board 12 with the fixing material 
38 such as solder. The metal film 20 is provided to entirely 
cover all over the lower surface of the ceramic substrate 22, 
and thereby the fixing material 38 is strongly adhered on the 
entire lower surface region of the ceramic substrate 22. 
Accordingly, the ceramic Substrate 22 is firmly joined to the 
circuit board 12. 

Next, with reference to FIG. 7A, the case material 14 is 
bonded to the upper surface periphery part of the circuit board 
12. In the case material 14, as mentioned above, the output 
leads and the wiring leads are incorporated in advance. The 
case material 14 is bonded to the upper surface of the circuit 
board 12 with a bonding material Such as an epoxy resin. 

Next, with reference to FIG. 7B, the circuit elements and 
the leads are electrically connected to each other by the fine 
metal wires 26. Specifically, the gate electrode of the transis 
tor 34 fixed to the upper surface of the ceramic substrate 22B 
is connected to the wiring lead 40 through the fine metal wire 
26. Moreover, the emitter electrode disposed on the upper 
surface of the transistor 34, together with the anode electrode 
provided on the upper surface of the diode 36, are connected 
to the output lead 30. Moreover, the transistor 34 mounted on 
the upper surface of the ceramic substrate 22F is connected to 
the output lead 28 through the fine metal wires 26. 

In this process, the fine metal wires made of aluminum 
having a diameter of about 200um are used for connection of 
the circuit elements. Moreover, instead of the wire bonding by 
the fine metal wires, ribbonbonding in which aribbon-shaped 
aluminum foil is used may be employed. 

Next, with reference to FIG.7C, upper end portions of the 
wiring leads 40 are inserted into holes of the substrate 42. 
Accordingly, the wiring leads 40 are connected to the signal 
leads 44 provided to the substrate 42 through the conductive 
pattern formed on the surface of the substrate 42. 
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In addition, the sealing resin 16 is filled into a space sur 
rounded by the case material 14. As for the sealing resin 16, a 
silicon resin or an epoxy resin is employed. Moreover, a resin 
material into which a filler such as alumina is filled may be 
employed as the sealing resin 16. The transistor 34, the diode 
36, the fine metal wires 26, the wiring leads 40, the substrate 
42, and the like are resin-sealed by the sealing resin 16. 
The hybrid integrated circuit device 10 illustrated in FIG.1 

is manufactured through the processes above. 
The invention claimed is: 
1. A semiconductor device, comprising: 
a circuit board made of a metal, the circuitboard having an 

upper surface; 
an oxide film directly on the upper surface; 
an island made of a metal film directly on the oxide film: 
a fixation substrate made of a ceramic and fixed to the 

island with a fixing material; and 
a semiconductor element mounted on an upper surface of 

the fixation substrate. 
2. The circuit device according to claim 1, wherein another 

metal film is provided on a lower surface of the fixation 
Substrate, and the fixing material is in contact with the metal 
film of the island provided on the upper surface of the circuit 
board and is in contact with the another metal film provided 
on the lower surface of the fixation substrate. 

3. The circuit device according to claim 1, wherein the 
upper Surface of the circuit board is coated with an insulating 
layer made of a resin material, and 

the island is formed directly on an upper surface of the 
insulating layer. 

4. The circuit device according to claim 1, wherein a plu 
rality of the fixation substrates are disposed overlying the 
upper surface of the circuit board, and 

a transistor and a diode connected to a main electrode of the 
transistor are mounted on the upper surfaces of the plu 
rality of fixation substrates. 

5. The circuit device according to claim 1, further compris 
ing: 

a case material abutting on a periphery part of the circuit 
board; and 

a plurality of leads incorporated into the case material, the 
plurality of leads disposed on stepped portions of the 
case material provided at ends of the case material and 
wherein one end of each lead being exposed in an inter 
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nal space of the case material, and the other end thereof 
being disposed outward of the case material, wherein an 
electrode of the semiconductor element is connected to 
any of the leads exposed in the internal space of the case 
material. 

6. The circuit device according to claim 5, wherein the 
plurality of leads are disposed in the same plane. 

7. The circuit device according to claim 5, further compris 
ing: 

a sealing resin filled in the internal space of the case mate 
rial, and coating the semiconductor element. 

8. The circuit device according to claim 1, wherein a con 
Verter circuit configured to boost direct-current power input 
ted from the outside and an inverter circuit configured to 
convert the boosted direct-current power into alternating 
current power are assembled on the upper surface of the 
circuit board, and 

the semiconductor element constitutes the converter or the 
inverter. 

9. The circuit device according to claim 5 wherein elec 
trodes of the semiconductor element are not connected to a 
conductor on the circuit board. 

10. The circuit device of claim 1 wherein no conductor 
pattern is formed on the upper surface of the circuit board. 

11. The circuit device of claim 1 wherein the island is 
disposed between the fixation substrate and the circuitboard. 

12. The circuit board of claim 1 further including a case 
material fixed to a periphery part of the upper surface and 
forming a cavity; 

another portion of case material internal to the cavity and 
extending across the circuit board; and 

an output conductor integrally embedded into the another 
portion of the case material. 

13. A semiconductor device, comprising: 
a circuit board made of a metal, the circuit board having an 

upper surface; 
an insulating layer coating the upper surface; 
an island made of a metal film directly on the insulating 

layer; 
a fixation substrate made of a ceramic and fixed to the 

island with a fixing material; and 
a semiconductor element mounted on an upper surface of 

the fixation substrate. 


