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on the ?rst resin and included at least in a portion of the
control circuit, and a control terminal connected to the
poWer circuit portion and having an exposed portion thereof
in the surface of the ?rst resin, in Which a portion of the
control circuit is connected With the poWer circuit portion at

the exposed portion of the control terminal. Accordingly, a
resin mold type poWer semiconductor module capable of
realizing a high performance of the control circuit portion at
loW cost can be realized.
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POWER SEMICONDUCTOR MODULE AND
MOTOR DRIVE SYSTEM

thickness of the lead frame 11 and, therefore, a ?ne pattern
of the lead frame 11 cannot be produced. Accordingly, the
control circuit that can be mounted is limited to a circuit not

requiring a ?ne pattern. Namely, it is limited to such a circuit
as an IGBT module incorporating a driver mounting only a
gate drive IC thereon as in the case of FIG. 3. Further, since
it is not necessary to consider heat radiation therefrom, the
gate drive IC 30, in itself, is a part not required to be
mounted on the lead frame 11. Hence, this means that the

TECHNICAL FIELD
The present invention relates to a structure of a power

semiconductor module incorporating peripheral circuits.
BACKGROUND OF THE INVENTION
As one of the means for decreasing the cost of a poWer

10

semiconductor module, it is possible to fabricate the pack
age by transfer molding as in the fabrication of an IC

package. PoWer semiconductor modules having cross
sectional structures as shoWn in FIG. 3 and FIG. 20 are

typical examples.

15

FIG. 3 shoWs an IGBT module incorporating a driver

(three-phase inverter module) produced by mounting siX

area of the module increases by a region occupied by the
gate drive IC 30. This is unfavorable from the point of vieW
of fabrication cost When transfer molding, to Which minia
turiZation is the key, is eXecuted.
On the other hand, in the case of the structure shoWn in
FIG. 20, a ?ne pattern can be easily produced for the control
circuit because the thick ?lm circuit board 202 serving as the
control circuit is mounted on the lead frame constituting the
poWer system terminal. Hence, a high performance IC such

elements, each including an IGBT and ?yWheel diode

as an MPU can be incorporated therein. HoWever, the area

(FWD), and four chips having a gate drive IC (incorporating

of the lead frame 200 becomes large and there arises the

various protecting circuits) for the IGBT, on a lead frame 11
and subjecting the same to transfer molding. The bare chip

same problem as the case described above in vieW of the
fabrication cost.
Further, as a problem common With FIG. 3 and FIG. 20,
it can be mentioned that they are both vulnerable to noises.
Since both the control circuit and the poWer element are

poWer elements (IGBT, FWD) 14 and the bare chip gate
drive ICs 30 are mounted on a common lead frame 11

serving as both a poWer system terminal 12 and a control
terminal 13, and electrical interconnections are made WithAl

25

(aluminum) Wires 15, and then the same is subjected to

mounted on the same lead frame, capacity coupling is
caused betWeen the poWer element 14 and the control circuit

(the gate drive IC 30 or the thick-?lm circuit board 202)
through the lead frame or the radiating plate and the circuit
is easily affected by noise due to potential changes in the

transfer molding (?rst molding) With a thermosetting resin
31. Then, the same and a heat radiating plate 10 together are
subjected to transfer molding With a thermosetting resin 32

poWer element 14.

(second molding). Further, insulating Work betWeen the lead
frame 11 and the heat radiating plate 10 is performed With

SUMMARY OF THE INVENTION

the thermosetting resin 32 at the same time as the second

The invention Was made in vieW of the above described

molding. Hence, a resin containing a large quantity of
alumina ?ller is used as the thermosetting resin 32 for

reducing the heat resistance.

35

According to the IGBT module as described above, the

high reliability characteristic.
The poWer semiconductor module according to the inven
tion comprises a poWer semiconductor element included in
a poWer circuit portion and mounted on a metal base through

only parts used other than the Si chip are the lead frame 11,

the heat radiating plate 10, and the sealing resin. Hence, it
has an advantage of being fabricated at loW cost.
FIG. 20 shoWs an eXample of a hybrid IC mounting poWer

an insulator and a ?rst resin molded to the poWer semicon

elements thereon. Namely, it shoWs a technique for attaining
a performance higher than the IGBT module incorporating
a driver shoWn in FIG. 3. There are mounted bare chip poWer
elements 14 and a thick ?lm circuit board (alumina) 202 on
a lead frame 200. A ?ip-chipped IC 201 is mounted on the
thick ?lm circuit board 202, Whereby a thick ?lm resistor
and the like and a high performance circuit are formed. The
poWer element 14 and the thick ?lm circuit board 202 are
connected to the lead frame 200 With an Al Wire 15 and

problems and it provides a poWer semiconductor module
Which, While attaining higher performance, has a loW-cost or

45

ductor element such that the surface of the metal base is
eXposed. On the ?rst resin, there is disposed a control circuit
element included at least in a portion of the control circuit.
Further, the poWer semiconductor module has a control
terminal connected to the poWer circuit portion and an
eXposed portion in the surface of the ?rst resin. At least a
portion of the control circuit is connected With the poWer

circuit portion at the eXposed portion of the control terminal.
According to the present invention, since the control

subjected to transfer molding With a thermosetting resin 16.

circuit element is disposed on the ?rst resin molded to the
poWer semiconductor element, it is possible to attain a

Since, as opposed to the case of FIG. 3, this eXample uses
the thick ?lm circuit board 202 in addition to the lead frame
200, it has a characteristic feature of attaining a higher

higher performance control circuit not affected by the struc
ture of the poWer circuit portion. Further, since the poWer
semiconductor module according to the present invention is

performance.
The above described transfer mold type poWer modules

have the folloWing problems in terms of compatibility
betWeen achievement of high performance of the module

55

of a resin-mold type, it can be fabricated at loW cost. Further,

since the control circuit portion is disposed on the ?rst resin
that is molded to the poWer semiconductor element mounted
on a metal base, the control circuit is hardly affected by noise

and reduction in the fabrication cost and, further, in terms of

from the poWer circuit portion. Therefore, the reliability can

reliability of the module.

be improved.

In the case of the IGBT module shoWn in FIG. 3, the

electrical Wiring pattern is provided by only the lead frame
11. Hence, the number of components can be decreased and

the fabrication process can be greatly simpli?ed. It,
therefore, has a structure Well designed in terms of fabrica
tion cost. HoWever, in order to loWer the resistance of the

poWer system terminal 12, it is impossible to decrease the

A poWer converting apparatus such as an inverter and a
converter can be structured by the use of the poWer semi

conductor module according to the above-described inven
tion. Motor driving systems for driving motors constructed
65 of such a poWer converter apparatus have a characteristic

feature of being fabricated at loW cost or having a high

reliability.

US 6,313,598 B1
3

4

BRIEF DESCRIPTION OF DRAWINGS

matic diagram shoWing a cross-sectional structure. ApoWer
semiconductor element 14, such as an IGBT, is connected to
a lead frame 11 by ultrasonic Wire bonding With an Al Wire

FIG. 1 is a schematic diagram showing a cross-sectional
structure of an embodiment of the invention.

15. ApoWer system terminal (main terminal) 12 and an input

FIG. 2 is a schematic diagram showing a planar structure
of the embodiment shoWn in FIG. 1.
FIG. 3 is a schematic diagram shoWing a cross-sectional
structure of a prior device.
FIG. 4 is a schematic diagram Which shoWs an embodi

terminal (control terminal) 13 are constituted of the lead
frame 11 having the poWer semiconductor element 14
mounted thereon. This serves to reduce the cost of parts and

fabrication by the use of one single lead frame. In the present
embodiment, the thickness of the lead frame 11 is made as
thick as 0.8 mm for loWering the resistance of the poWer

ment of an IGBT module incorporating a driver.

system Wiring. The poWer semiconductor element 14

FIG. 5 is a schematic diagram of an equivalent circuit of

attached to the lead frame 11 must be insulated from a metal
base 10 serving as a heat radiating plate by some means or

a high performance IGBT module.
FIG. 6A is a plan vieW and FIG. 6B is a side vieW of an

embodiment of the shape of the lead frame in FIG. 4.
FIG. 7 is a schematic diagram of an embodiment of an

15

IGBT module incorporating a microcomputer.
FIG. 8 is a schematic diagram of another embodiment of
an IGBT module incorporating a microcomputer.
FIG. 9 is a schematic diagram of an embodiment in Which
a high heat-conductive adhesive sheet is used.
FIG. 10 is a schematic diagram of an embodiment in
Which a metal-core printed board is used.
FIG. 11 is a schematic diagram of an embodiment in
Which a control circuit Wiring is provided on a resin package

made as thin as possible Within limits not impairing the

reliability of the dielectric strength. This is for alloWing the
heat of the poWer semiconductor element 14 to be effectively
radiated by means of heat radiating ?ns attached to the metal

base 10. Taking this point into consideration, in the present
embodiment, the thickness of the thermosetting resin 16
betWeen the lead frame 11 and the metal base 10 is set at 0.4
25 mm.

by three-dimensional printing.

The lead frame 11 is set upright Within the package (PKG)
(at the region 19) to secure its distance from the ?n so that
insulation of it from the earth (ground) is ensured. A recess
around 6 mm deep is formed in the top face of the PKG and
the control terminal 13 is partly eXposed at its region 19 at
the bottom of the recess (region 17). The recess formed in
the top surface of the PKG is an area for disposing circuits
for controlling the poWer semiconductor element 14 thereon

FIG. 12 is a perspective vieW of the three-dimensional

Wiring shoWn in FIG. 11.
FIG. 13 is a schematic diagram of an embodiment meet

ing requirements for dual-sided mounting on a printed
board.
FIG. 14 is a schematic diagram of a PCB used in the
embodiment shoWn in FIG. 13.
FIG. 15 is a schematic diagram of an embodiment incor
porating a shunt resistor for current detection, a diode for a

other. In the present embodiment, it is insulated by a
thermosetting resin 16 and the same, together With the metal
base 10, is subjected to transfer molding. The gap betWeen
the lead frame 11 and the metal base 10 is required to be

and reference numeral 18 denotes a control circuit element.
35

The control circuit portion is electrically connected With the
control terminal of the poWer semiconductor element 14 in
the region 17. By the structure as described above, it is
possible to realiZe a so-called high performance poWer
module incorporating various control functions in the same

bootstrap circuit, a capacitor, and a resistor.
FIG. 16 is a schematic diagram of an embodiment in
Which a recess for disposing a control chip thereon is formed

just above an IGBT chip.
FIG. 17 is a schematic diagram of an embodiment in

planar area as that of a poWer module having only a poWer
semiconductor element sealed therein.

Which a control circuit in the second tier is sealed by potting.

FIG. 2 is a schematic planar structural draWing of the

FIG. 18 is a schematic diagram of an embodiment in
PKG as seen from above, in Which the control circuit
Which the portion in the second tier is covered With a lid.
element 18 and the sealing material therefor are omitted. The
FIG. 19 is a schematic diagram of an embodiment in 45 region 20 is used for mounting the control circuit thereon
and eXternal input terminals 13 and other control terminals
Which a control terminal is disposed on a PCB.
are eXposed in the region 17. On the surface of the thermo
FIG. 20 is a schematic diagram shoWing a cross-sectional
setting resin 16 in the region 20, there is formed a metal foil
structure of a prior device.
serving as the Wiring for the control circuit element. As
FIG. 21 is a schematic diagram of an embodiment in

Which the package is attached to a radiating plate.

apparent from the draWing, most of the planar dimension of

FIG. 22 is a schematic diagram of an embodiment in
Which a control circuit board is not mounted.
FIG. 23 is a block diagram of an embodiment of a

the PKG can be used as the region for mounting the control
circuit thereon. Therefore, not only the gate drive IC as in the

prior art intelligent poWer module (IPM), but also such parts
as the MPU for controlling the same, can be mounted

brushless motor driving apparatus.
FIG. 24 is a block diagram another embodiment of a

55

brushless motor driving apparatus.

eXample of a three-phase inverter module, in Which the
poWer circuit portion is a three-phase inverter having siX
pieces made up of the IGBTs 40 and the FWDs (free Wheel
diodes) 41 mounted thereon. FIG. 6A is a schematic plan
vieW shoWing the IGBTs 40, FWDs 41, and Al Wires 15,

FIG. 25 is a block diagram an embodiment of an induction

motor driving apparatus.
BEST MODE FOR CARRYING OUT THE
INVENTION

Embodiments of the present invention Will be described in
detail With reference to the accompanying draWings.
Embodiment 1
An embodiment of the invention Will be described With
reference to the accompanying draWings. FIG. 1 is a sche

thereon.
FIG. 6A shoWs an eXample of the lead frame. It is an

65

While FIG. 6B is a sectional vieW thereof. Only a portion of
the tie bar 61 connecting the lead frame is shoWn in the
draWing. The names of the terminals of the lead frame
connected With the gate Wire 62 and the control system
emitter Wire 63 in the draWing correspond to the names of

the terminals in the equivalent circuit diagram of FIG. 5.

US 6,313,598 B1
5
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Other control terminals 60 are external input and output
terminals. As apparent from the drawing, the poWer system
Wiring and the control system Wiring are constructed of one
lead frame. The siZe of the lead frame is approximately 6
cm><5 cm. What is characteristic of it is that the input and
output terminals 60 are constructed of the lead frame for
connection With the control circuit in the region 17, While
the IGBTs 40 and the FWDs 41 are not directly connected
With them.

shoWn in FIG. 3, has the PCB 43 mounted thereon, a

micro-miniaturiZed Wiring pattern can be easily formed.
Therefore, an MPU 70 requiring a micro-miniaturiZed Wir
ing pattern can be easily mounted on the PCB 43. Further,
since the PCB 43 disposed on the entire surface of the PKG
45 can secure a sufficiently large region for mounting the

MPU 70 thereon, the PCB 43 is prevented from becoming

larger.
Accordingly, the module siZe does not become large and
10

Embodiment 2

the length in the direction of the short side can be set at
approximately 2 cm.

FIG. 4 shoWs an embodiment of an IGBT module incor

Embodiment 4

porating a gate drive circuit made up of IGBTs 40, FWDs

41, gate drive ICs 42 for driving the IGBT, and their
peripheral circuits. It corresponds to the portion indicated by
the region 50 in the system con?guration draWing of FIG. 5.
In FIG. 5, the gate drive circuit is denoted by reference

15

terminals. Accordingly, there is shoWn, in FIG. 8, an
example of a module realiZing the function performed in the
region 51 shoWn in FIG. 5 obtained by having the gate drive

numeral 53.
As in the embodiment 1, the IGBTs 40 and FWDs 41 as

IC disposed on the lead frame, the same as in the prior
device shoWn in FIG. 3. The draWing shoWs a cross

the poWer semiconductor elements are soldered to the lead

frame 11, electrical connections are made With Al Wires 15,
and they are resin-sealed With a thermosetting resin 31. The
control terminals 13 are partly exposed in the top surface of

the thus sealed PKG 45 (region 46). The resin 31 forming the
PKG 45 is that having a comparably large coefficient of
linear expansion (approximately 16 to 20 ppm/° C.) because

The gate drive IC 42, as opposed to the MPU 70 as a
control IC, is smaller in scale and has a smaller number of

sectional structure.
The IGBTs 40 and the FWDs 41 are soldered to the lead

frame 11 and, further, a bare chip gate drive IC 30 is soldered
25

there is no need for considering heat conduction to the

radiating plate 10 and, hence, no need for containing a large

to the same. The lead frame 11, the poWer semiconductor

elements, and the gate drive IC 30 are electrically intercon
nected With Al Wires 15 and, then, resin-sealed With a
thermosetting resin 31. In the top surface of the sealed PKG
82, a portion of the control terminal 13 is exposed in the

quantity of alumina ?ller. Since the alumina ?ller presents a

same manner as in the above described embodiments. The

danger of damaging the sealed semiconductor chip and

control circuit is formed of a PCB 43 mounting thereon, as
control circuit elements, an MPU 70, a chip resistor 80, a

producing defective products, the use of the resin 31 having
a large coefficient of linear expansion also contributes to a

high yield. The control circuit is formed of a printed circuit
board (PCB) 43 and has a gate drive IC 42, as its main
control circuit element, soldered onto the PCB 43. By
having the PCB 43 attached onto the PKG 45 With a
thermosetting silicone adhesive and having an electrode
pattern formed on the PCB 43 and the control system lead
frame Wire-bonded With an Al Wire 44, the control circuit
and the IGBT are electrically connected With each other. Of
course, a gold Wire may be used instead of the Al Wire. The
PKG 45 to Which the PCB 43 is bonded and the Al base 10
as the radiating plate 10 together are subjected to transfer

molding. The transfer molding resin 32, are opposed to the
resin 31, contains a large quantity of alumina ?ller and has
a high heat conductivity. This has the purpose of increasing
heat radiation because the transfer molding resin 32 is also

35

functioning as the MPU 70 thereon. Thus, as opposed to the

prior art having only the gate drive IC, a module having a
considerably higher performance and Which is easy to use
can be realiZed.

Embodiment 5

45

need for using special insulating materials. HoWever, With
this technique it is difficult to largely reduce the thermal
resistance. This is because the quantity of alumina ?ller
Which can be mixed in the resin is limited by the requirement
of securing the ?uidity of the resin and, hence, the thermal

the radiating plate 10. The gap betWeen the lead frame 11
and the Al base 10 is set at 0.2 mm.

on the lead frame.

Embodiment 3

An embodiment Which incorporates an MPU performing
such functions as generating a PWM signal for controlling
the gate drive IC is shoWn in FIG. 7. This is a module
corresponding to the region 51 in the system structural
draWing in FIG. 5. FIG. 7 is a schematic diagram shoWing
the cross-sectional structure. The MPU is denoted by refer

In all of the above described embodiments, insulation
betWeen the lead frame 11, i.e., the poWer semiconductor
elements, and the Al base 10 Was provided With a sealing
resin. The advantage obtained from such an arrangement is
that the fabrication cost can be kept loW because there is no

used as an insulating means betWeen the lead frame 11 and

The module according to the present embodiment has a
length of approximately 2 cm in the direction of its short side
and it can greatly decrease the siZe as compared With the siZe
of 3.5 cm of the prior art having the gate drive IC mounted

chip capacitor 81, and the like. In the case of the present
embodiment, as opposed to that shoWn in FIG. 7, the PCB
43 mounts thereon only the MPU 70 and its peripheral
circuit and, therefore, it can mount the one capable of higher

conductivity cannot be reduced so much and because a
55

relatively large gap, larger than 0.2 mm for example, is
required under the lead frame for alloWing the resin to be
certainly ?lled therein. Accordingly, an example capable of
reducing the thermal resistance is shoWn in FIG. 9, Which is
a schematic diagram shoWing a cross-sectional structure.
The structure of the present embodiment is the same as
that in the embodiment 4 in that a PCB 43 constituting the
control circuit is attached onto a PKG 82 having IGBTs 40,

FWDs 41, and bare chip gate drive ICs 30 resin-sealed
therein and interconnections are made With Al Wires 44. The
present embodiment has a characteristic in that it uses a

ence numeral 54 in FIG. 5.
65 thermocompression insulating sheet 90 for insulating the
lead frame 11 from the Al base 10. The sheet is formed of
The structure is completely the same as that shoWn in the

embodiment 2. Since it, as opposed to the prior device

an extra-thin (0.12 mm for example) resin containing a large

US 6,313,598 B1
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quantity of alumina ?ller. By pressing the PKG 82 against

adhesive agent for bonding the PCB 43 is not required in the
present embodiment but the region 131 also serves for

the Al base 10 While the Al base 10 is heated, both the
members are bonded together. Because of the above
described characteristic, the thermal resistance can be

?xation of the PCB 43.
Embodiment 7

greatly reduced. While the thermal resistance Rth (j-c) from
the junction of an IGBT of a rated current of 15A to the Al

An IGBT module incorporating a driver in general

base is 2.5° C./W, the value in the present embodiment is Rth

requires four poWer sources (three poWer sources on the
high side and one poWer source on the loW side). HoWever,

(j—c)=1.8° C./W. Therefore, this embodiment provides
advantages in that the height of the ?n can be greatly
reduced and, hence, an advantage is obtained therefrom that
the system fabrication cost can be greatly reduced.

it is knoWn that they can be replaced, for reducing the system
10

rating a gate drive IC of a loW capacity (less than 20 A, for

example) by making the gate drive IC endurable to high

Embodiment 6

voltage and by using a circuit called a bootstrap circuit

The embodiments described above are of a structure

Wherein the control circuit is formed of a PCB and that
components are mounted only on one side of the PCB. The

(denoted by 59 in FIG. 5). An embodiment incorporating the
15

main reason for that is to ensure the adhesion on the back

side of the PCB. When mounting components on a PCB With

described embodiments. In the present embodiment, a boot
strap circuit is mounted by surface mounting on the PCB 43
on the upper side of the PKG 82. In FIG. 15, the bootstrap

module of the present invention, With the arm of achieving
a smaller siZe and higher performance of the module,

circuit comprises the high Withstand voltage diode 153, the
chip capacitor 152, and the chip resistor 154, respectively. In

thereby achieving reduction of fabrication cost and improve
ment of reliability of the product, the effect of the invention
25

can be carried out. FIG. 13 and FIG. 14 shoW an embodi
ment Which achieves the purpose. FIG. 13 is a schematic

diagram shoWing the cross-sectional structure, and FIG. 14

35

approximately 3 mm deep formed in the top face of the PKG
45, i.e., in the top face of the thermosetting resin 31. On the
PCB 43 constituting the control circuit, there are mounted,
as shoWn in the draWing, the control circuit IC 18 and many
other components for surface mounting, such as chip resist
ers 80 and chip capacitors 81. Passive elements, such as the
chip resistor 80 and the chip capacitor 81, are soldered to the

to the voltage across the shunt resistor. Namely, the lead
frame constituting the N terminal is cut in the region 151 and
the chip resistor 150 is inserted in it to be incorporated
therein.
According to the present embodiment, an IGBT module
incorporating a driver Which further incorporates a bootstrap
circuit can be realiZed Without increasing the module siZe.

Further, of the control poWer supply terminals, only the
poWer supply terminal on the loW side is needed and the
poWer supply terminal on the high side is not needed.
Namely, a module Whose control terminals are smaller than
before by six pins can be realiZed.
Embodiment 8

back side of the PCB 43. The recess 130 is a holloW portion

in Which to dispose these parts When the PCB 43 is arranged
on the top face of the PKG 45. Since thickness of the chip
resistor 80 and the chip capacitor 81 is generally 1 mm or so,

the present embodiment, there is mounted, in addition to the
bootstrap circuit, a current detecting shunt resistor 150 on
the PCB 43. The shunt resistor 150 is connected in series
With the N terminal as the ground terminal of the poWer

system terminal 12 for detecting the current value according

is a schematic diagram shoWing the electrode pads on the
rear side of the mounting PCB.
The PKG 45 obtained by subjecting poWer semiconductor
elements 14 soldered to the lead frame 11 to transfer
molding With a thermosetting resin 31 has the same structure
as in the above described embodiments. The characteristic
feature of the present embodiment is the recess 130 of

bootstrap circuit is shoWn in FIG. 15.
The PKG 82 obtained by sealing in a lead frame having
the IGBTs 40, the FWDs 41, and the bare chip gate drive ICs
30 mounted thereon is the same as that in the above

a high density, it is the general practice to solder components
to both sides of the PCB. In the poWer semiconductor

Will be greatly enhanced if dual-sided mounting on the PCB

cost, With one poWer source in an IGBT module incorpo

45

FIG. 16 schematically shoWs a cross-sectional structure of
an embodiment mounting thereon a gate drive IC, Which has

a higher performance and is integrated With a high density.

a depth of 3 mm or so is suf?cient. Of course, When other
components such as an IC PKG is mounted on the rear side,

On the top side of the above described PKG 45, there is

ness of the same. By virtue of the provision of the recess

formed a recess 160 for mounting a bare chip gate drive IC
30 thereon. For example, in the case of a three-phase inverter
module Where each IGBT is driven by one gate drive IC, six

130, stabiliZed arrangement of the dual-side mounted PCB

recesses 160 are formed in one module. Further, on the

43 becomes possible.

surface of the thermosetting resin 31 in the recess, there is
formed a Wiring for the gate drive IC 30 using copper plating

the depth must be made larger corresponding to the thick

Another characteristic of the present embodiment is the
method of connecting the PCB 43 With the lead frame. While
the connection Was made by Wire bonding in the above
described embodiments, the PCB 43 is soldered to the lead
frame at the region 131 in the present embodiment. On the
rear side of the PCB 43, the electrode pads 140 are formed

and the plated Wiring is extended to the position of the input
55

and output terminal 13 to be connected thereWith. The
thickness of the plating is 35 gm the same as the copper
pattern on a general PCB and there arises no problem of the
Wiring resistance in the control circuit. The connection of the

as shoWn in FIG. 14 for connection With the control termi

IC 30 to the copper plated Wiring is carried out by gold Wire

nals 13, formed of the lead frame, of the poWer semicon
ductor elements 14. The Width of the pads is virtually equal

bonding. The recess 160 serves a dual purpose. One is for

making it easy to determine the mounting position for the
gate drive IC 30. The other is to set the mounting position

to the Width of the lead frame soldered thereto. It is 2 mm

in the present embodiment. The pads and the lead frame are
soldered to each other With a cream solder. A solder resist

141 is applied to other portion than the electrode pads 140
and, thereby, stabiliZed soldering can be performed. The
soldering also serves for ?xation of the PCB 43. Namely, an
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just above the IGBT 40 or the FWD 41 and incorporate a
temperature detection means in the gate drive IC 30 so that
the temperature of each element may be detected. In an

ordinary module incorporating a driver, one temperature
detection means is provided for one module. Then, When

US 6,313,598 B1
9

10

current is concentrated into an arm due to motor lock or the

as before, also serves as the poWer system terminal 12 and
the control system terminal 13 and its thickness is 0.8 mm.

like, a problem arises in that an element far aWay from the
temperature detection means cannot be protected. Since, in
the present embodiment, the element can be protected by
means of the gate drive IC 30 incorporating a temperature
detection means positioned very close to each IGBT, this
problem can be solved. Further, by having a current detec
tion means incorporated in the gate drive IC 30 for detecting
the current ?oWing through the IGBTs 40 and FWDs 41, it
becomes possible to detect the phase currents.

The lead frame 11 having the poWer semiconductor elements
14 mounted thereon is subjected to transfer molding With a
thermosetting resin 31 so that a PKG 112 is formed. The

PKG 112 is different from that described in the foregoing.
Namely, the lead frame 11 is not vertically bent Within the
PKG, but is taken out to the side face of the PKG 112 at the
bottom side of the PKG. Onto the top face 111 of the PKG
10

112 there are soldered a bare chip gate drive IC 30 and a bare

chip microcomputer 110. In the present embodiment, elec
trical interconnections of the control circuit elements and the
control system lead frame are carried out by a three

Embodiment 9
The structure shoWn in FIG. 19 is that of an embodiment

in Which the external input and output terminal of the control
system is formed of another terminal than the lead frame.
IGBTs 40, FWDs 41, and bare chip gate drive ICs 30 are

dimensional copper-plated Wiring.
15

mounted on the lead frame 11 and they are subjected to
transfer molding With a thermosetting resin 16. The arrange

connected to the control terminals 13 formed of the lead

ment of the control system lead frame having its part

frame (Wiring 120). Further, connections of the Wiring 120

exposed in the upper face of the PKG is the same as in the

foregoing embodiments. The difference from the foregoing
embodiments is that the lead frames 11 of the control system
are all cut off at the end of the PKG (region 191) after being
subjected to transfer molding. The PKG 193 is bonded to the

Al base 10 by the aforesaid thermocompression insulating

A perspective vieW of the present embodiment With the
interior of the module partly exposed is shoWn in FIG. 12.
The copper plated Wiring is laid out not only on the top face
111 of the PKG 112, but also on the side face, and it is
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sheet 90. The external input and output terminal is soldered
onto the PCB 43 disposed on the upper surface of the PKG

With the control circuit elements are made by gold Wire
bonding. After the control circuits have been connected With
the poWer circuit portions, insulation betWeen the same and
the Al base 10 and sealing in of the entire body are
performed With a thermosetting resin 32, the same as in the
above described embodiments.
Thus, the structure of the lead frame can be simpli?ed.

193. The terminal 190 is the external input and output

Embodiment 11

terminal. The terminals are formed for example of a terminal
block having a siZe of 0.63 mm square arranged at a pitch
of 2.54 mm. The terminal block can be easily arranged into

FIG. 17 schematically shoWs a cross-sectional structure of
another embodiment.
The IGBT 40 and the FWD 41 are soldered onto a lead

various user-oriented con?gurations. Electrical connection
of the PCB 43 to the control terminal formed of the lead
frame is effected by soldering of the electrode pad on the
rear side of the PCB to the lead frame as in the cases of FIG.
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Wire bonding With the Al Wire 15, and, further, the IGBT 40,

13 and FIG. 15. Further, the sealing in of the entire body

the gate drive IC 30, and the lead frame are interconnected
With the Al Wire 44. The Al Wires 15 and 44 are different in
Wire diameter. The Al Wire 15 serving as the poWer system

after the PCB 43 has been mounted in the present embodi
ment is carried out With polyphenylene-sul?de (PPS) 192 as
a thermosetting resin. This is done because application of the

Wiring requires a large current capacity and, hence, has a

transfer molding is dif?cult, since the external input and

diameter of 300 pm, and the Al Wire 44 for the control
system has a smaller diameter than 300 pm, for example 100
pm. As in the embodiment 1, the poWer system terminal

output terminal 190 is set upright on the PCB 43. On account

of loW ?uidity of thermosetting resins, it is dif?cult to
subject the poWer semiconductor element in Which Wire
bonding is made to molding. HoWever, no problem arises
When the elements are previously sealed in With a thermo

(main terminal) 12 and the input terminal (control terminal)
45

setting resin 16 as in the present embodiment.

13 are formed of the lead frame 11 having the poWer
semiconductor elements mounted thereon. Also, the thick
ness of the lead frame 11, the recess of a depth of 6 mm or

so made in the upper face of the PKG, and the structure of
the lead frame bent upright Within the PKG, and the like are
the same as in the embodiment 1. The connection of the PCB

Embodiment 10
The embodiments described in the foregoing are of a

structure in Which the lead frame is bent upright in the PKG,
an exposed portion is formed on the upper side of the PKG,
and the control circuit disposed in the top face of the PKG
is connected thereto. The advantageous point in this struc
ture is the ease of electrical connection for the lead frame
With the control circuit. On the other hand, there are also
disadvantages, When compared With the case Where the lead

frame 11 and the bare chip gate drive IC 30 is also soldered
onto the lead frame 11. The lead frame 11 is electrically
connected With the IGBT 40 and the FWD 41 by supersonic

43 having the MPU 70 mounted thereon With the control
system lead frame is made in the same manner as in the case
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shoWn in FIG. 8.
The present embodiment has characteristics such that an
insulation betWeen the lead frame 11 and the Al base 10 is

provided by the thermocompression insulating sheet shoWn
in FIG. 9 and that potting With thermosetting resin 170 is

frame is vertically bent simply only once outside the PKG,

made as the sealing means of the PCB 43 to Which control
circuit elements are connected and the recess is ?lled up With

that the fabrication cost of the lead frame someWhat
increases and transfer molding becomes difficult due to a

the resin 170. The method mentioned ?rst above is used for

problem With the accuracy of the bending. An embodiment

reducing heat resistance While securing insulation betWeen

in Which such disadvantages are reduced is shoWn in FIG. 11
and FIG. 12.
FIG. 11 is a schematic diagram shoWing the cross
sectional structure. The poWer semiconductor element 14 is
soldered to a lead frame 11 and electrically connected to the
lead frame 11 With Al Wires 15. The lead frame 11, the same

the lead frame 11 and the Al base 10 With a sealing resin, the
same as in the case of FIG. 1, and the method mentioned
65

second above is used for making the fabrication easier by
employing a simpli?ed method because such a high reli
ability in sealing is not required for the control circuit
portion as is required for the poWer circuit portion.

