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(57) ABSTRACT 

A semiconductor device of the present invention comprises: 
an outer package; a first lead frame including a first relay lead, 
a first die pad with a power element mounted thereon, and a 
first external connection lead which has an end protruding 
from the outer package; and a second lead frame including a 
second relay lead, a second die pad with a control element 
mounted thereon, and a second external connection lead 
which has an end protruding from the outer package, wherein 
the first die pad and the second die pad or the first external 
connection lead and the second relay lead are joined to each 
other at a joint portion, and an end of the second relay lead 
extending from a joint portion with the first relay lead is 
located inside the outer package. 
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SEMCONDUCTORDEVICE AND 
PRODUCTION METHOD FOR SAME 

TECHNICAL FIELD 

0001. The present invention relates to a semiconductor 
device such as a semiconductor package in which semicon 
ductor elements are molded with resin. 

BACKGROUND ART 

0002. As inverter controllers have been required to be 
reduced in size and weight, resin molding semiconductor 
devices included therein have been also reduced in size and 
weight. 
0003. The resin molding semiconductor devices include, 
as shown in FIG. 21, a semiconductor device 35 in which a 
first lead frame 32 with a power element 31 mounted thereon 
and a second lead frame 34 with a control element 33 
mounted thereon are three-dimensionally disposed and 
molded with resin, thereby reducing the size and weight of the 
semiconductor device 35 (for example, see Patent Literature 
1). 

CITATION LIST 

Patent Literature 

0004 Patent Literature 1: Japanese Patent Application 
Laid-Open Publication No. 2005-150595 

SUMMARY OF INVENTION 

Technical Problem 

0005. In the resin molding semiconductor device of the 
prior art, however, large amounts of electromagnetic wave 
noise are easily caused since the power element performs a 
large-current, high-frequency Switching operation. The elec 
tromagnetic wave noise may affect the control element and 
thus cause an operational error of the semiconductor device. 
The operational error due to the electromagnetic wave noise 
decreases the reliability of the semiconductor device. The 
occurrence of Such an operational error may increase when a 
distance between the power element and the control element 
in the semiconductor device is reduced. 
0006. In the case where a lead having an end surface 
exposed to the outside air is provided, moisture and so on may 
enter the semiconductor device from the end surface, thereby 
reducing the reliability of the semiconductor device. 
0007. The present invention has been devised to solve the 
above-described problems of the related art. An object of the 
present invention is to provide a semiconductor device with 
higher reliability than the semiconductor device of the related 
art. 

Solution to Problem 

0008. In order to solve the above-described problems, a 
semiconductor device comprises: a resin outer package; a first 
lead frame including first relay leads, a first die pad with a first 
semiconductor chip mounted thereon, and first external con 
nection leads which each have an end protruding from the 
outer package; and a second lead frame including second 
relay leads, a second die pad with a second semiconductor 
mounted thereon, and second external connection leads 
which each have an end protruding from the outer package, 
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wherein the first die pad and the second die pad or the first 
external connection lead and the second relay lead are joined 
to each other at a joint portion, and at least one of the end of 
the second relay lead extending from a joint portion with the 
first relay lead and the end of the suspended lead of the second 
die pad is located inside the outer package. 
0009 Furthermore, a method for manufacturing a semi 
conductor device, comprises: preparing a first lead frame 
including first relay leads, a first die pad with a first semicon 
ductor chip mounted thereon, and first external connection 
leads, and a second lead frame including second relay leads, 
a second die pad with a second semiconductor chip mounted 
thereon, and second external connection leads; joining the 
first die pad and the second die pad or the first relay lead and 
the second relay lead; cutting off the second relay lead of the 
second lead frame extending from a joint portion with the first 
relay lead or the suspended lead of the second die pad inside 
an area where a semiconductor package is to be molded as a 
resin outer package; and molding with resin the end of the 
cut-off second lead frame or the end of the cut-off suspended 
lead disposed inside molds to form the outer package. 

Advantageous Effects of Invention 
0010. According to the present invention, a semiconductor 
device with high reliability can be achieved. 

BRIEF DESCRIPTION OF DRAWINGS 

0011 FIG. 1 is a plan view of the interior of a semicon 
ductor device according to a first embodiment of the present 
invention. 

0012 FIG. 2 is a cross sectional view taken along the line 
A-A in FIG. 1 of the semiconductor device according to the 
first embodiment. 

0013 FIG. 3 is a cross sectional view taken along the line 
B-B in FIG. 1 of the semiconductor device according to the 
first embodiment. 
0014 FIG. 4 is a flow chart illustrating the manufacturing 
process of the semiconductor device according to the first 
embodiment. 

0015 FIG. 5 is a cross sectional view of the semiconductor 
device in a first step according to the first embodiment. 
0016 FIG. 6 is a cross sectional view of the semiconductor 
device in a second step according to the first embodiment. 
0017 FIG. 7 is a cross sectional view of the semiconductor 
device in a third step according to the first embodiment. 
0018 FIG. 8 is a cross sectional view of the semiconductor 
device in a fourth step according to the first embodiment. 
0019 FIG. 9 shows the state of the semiconductor device 
after the completion of cutting off according to the first 
embodiment. 

0020 FIG. 10 is a cross sectional view of the semiconduc 
tor device in a fifth step according to the first embodiment. 
0021 FIG. 11 is a cross sectional view of the semiconduc 
tor device in a sixth step according to the first embodiment. 
0022 FIG. 12 is a plan view of the bottom surface of the 
semiconductor device including a first lead frame and a sec 
ond lead frame according to the first embodiment. 
0023 FIG. 13 is a plan view of the interior of a semicon 
ductor device according to a comparative example. 
0024 FIG. 14 is a plan view of the first lead frame used for 
the resin molding semiconductor device according to the first 
embodiment. 
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0025 FIG. 15 is a plan view of the second lead frame used 
for the resin molding semiconductor device according to the 
first embodiment. 
0026 FIG. 16 is a plan view illustrating the state of the 
stacked first and second lead frames according to the first 
embodiment. 
0027 FIG. 17(a) is an enlarged view of the principal part 
in FIG. 8, and FIG. 17(b) is an explanatory diagram illustrat 
ing a warped portion 21 formed on a cut Surface. 
0028 FIG. 18 is a cross sectional view of a semiconductor 
device in a third step according to a second embodiment of the 
present invention. 
0029 FIG. 19 is a cross sectional view of the semiconduc 
tor device in a fourth step according to the second embodi 
ment. 

0030 FIG.20(a) is an enlarged view of the principal part 
in FIG. 19, and FIG. 200b) is an explanatory diagram illus 
trating a warped portion 21 formed on a cut Surface. 
0031 FIG.21 is a cross sectional view of a semiconductor 
device according to the prior art. 

DESCRIPTION OF EMBODIMENTS 

First Embodiment 

0032 FIGS. 1 to 3 each show a resin molding semicon 
ductor device according to a first embodiment of the present 
invention. 

0033 FIG. 1 is a plan view of the interior of the resin 
molding semiconductor device according to the first embodi 
ment. FIG. 2 is a cross sectional view taken along the line A-A 
in FIG. 1. FIG.3 is a cross sectional view taken along the line 
B-B in FIG. 1. 

0034. The resin molding semiconductor device includes a 
power element T1 which is an example of a first semiconduc 
tor chip, a first lead frame 1 with the power element 1 fixed 
thereto, a control element T2 which is an example of a second 
semiconductor chip, a second lead frame 2 with the control 
element T2 fixed thereto, and a heat dissipation plate 3. Fur 
ther, the resin molding semiconductor device is a semicon 
ductor package in which the power element T1, the first lead 
frame 1, the control element T2, the second lead frame 2, and 
the heat dissipation plate 3 are molded with resin by a resin 
outer package 4. Multiple first external connection leads 1a1, 
1a2, 1a3, and 1a 4 of the first lead frame 1 are drawn out of the 
outer package 4 from one longer side 4a of the outer package 
4 of the semiconductor device. In addition, multiple second 
external connection leads 2a1, 2a2, 2a3, 2a4, 2a5, and 2a6 of 
the second lead frame 2 are drawn out of the outer package 4 
from another longer side 4b of the outer package 4 of the 
semiconductor device. The outer package 4 is made of ther 
mosetting resin Such as epoxy resin. The outer package 4 
integrates the first lead frame 1 and the second lead frame 2, 
and protects the power element T1 and the control element 
T2. Although four first external connection leads and six 
second external connection leads are shown in FIG. 1 and so 
on for the sake of simplicity, the number of external connec 
tion leads is not limited to these in semiconductor devices to 
which the present invention is applicable. Furthermore, a 
plurality of power elements T1 and control elements T2 may 
be present in a single semiconductor device. 
0035) Incidentally, thermoplastic resin such as silicone 
resin may be used as a material for the outer package 4 in 
addition to thermosetting resin Such as epoxy resin. 
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0036. The first lead frame 1 is composed of a material 
having high electrical conductivity Such as copper (Cu). The 
first lead frame 1 includes the first external connection leads 
1a1, 1a2, 1a3, and 1.a4 which each have an end protruding 
from the outer package 4, a plurality of first relay leads 1b, 
and a first die pad 1c on which the power element T1 is 
mounted. 
0037. The second lead frame 2 is composed of a material 
having high electrical conductivity Such as copper (Cu) and 
42 Alloy. The second lead frame 2 includes the second exter 
nal connection leads 2a1, 2a2, 2a3, 2a4, 2a5, and 2a6 which 
each have an end protruding from the outer package 4, a 
plurality of second relay leads 2b, and a second die pad 2c on 
which the control element T2 for controlling the power ele 
ment T1 is mounted. 
0038. The heat dissipation plate 3 is composed of a metal 
having high thermal conductivity Such as copper (Cu) and 
aluminum (Al). The heat dissipation plate 3 is molded such 
that the undersurface thereof is exposed from the outer pack 
age 4 to the outside of the semiconductor package. The first 
die pad 1c and the first relay leads 1b of the first lead frame 1 
are fixed on the top surface of the heat dissipation plate 3 via 
an insulating sheet 5. The insulating sheet S is composed of 
for example, an electrical insulating material with thermal 
conductivity and has a three-layer structure in which an elec 
trical insulating layer is sandwiched by a plurality of adhesive 
layers. 
0039. The power element T1 is composed of for example, 
an IGBT (insulated gate bipolar transistor) and a power MOS 
FET (metal-oxide-semiconductor field-effect transistor). The 
power element T1 is fixed to the top surface of the first die pad 
1c with a brazing filler metal 6. As shown in FIG. 1, the 
bonding pad (not shown) of the power element T1 and the 
external connection leads 1a2 and 1.a4 are electrically con 
nected by wires 7. Further, the first external connection lead 
1a1 and the bonding pad (not shown) of the power element T1 
are electrically connected by a wire 8a. The first relay lead 1b 
and the bonding pad (not shown) of the power element T1 are 
electrically connected by a metal wire 8b. The wires 7, 8a, and 
8b are, for example, aluminum (Al) wires made of a metal 
member Such as aluminum (Al). 
0040. Incidentally, aluminum (Al) ribbons and copper 
(Cu) clips may be used for the wires 7, 8a, and 8b instead of 
aluminum wires. Aluminum ribbons and copper clips have 
larger cross-sectional areas than aluminum wires and have 
Smaller wiring resistance values, thereby enabling a reduction 
in the power loss of the semiconductor device. 
0041. The control element T2 controls the power element 
T1, and includes, for example, a drive circuit, an overcurrent 
protection circuit, and so on. The control element T2 is fixed 
to the second die pad 2c by a joint portion 9. The joint portion 
9 is made of for example, silver (Ag) paste. The bonding pad 
(not shown) of the control element T2 and the second relay 
lead 2b are connected by a wire 10. The wire 10 is made of a 
metal material such as gold (Au). 
0042. The second die pad 2c with the control element T2 
mounted thereon is disposed, as shown in FIGS. 2 and 3. 
above the power element T1 and substantially in parallel with 
the top surface of the power element T1. The second die pad 
2c covers at least a part of the wire 7 of the power element T1. 
As a result, the second die pad 2c is disposed between the wire 
7 as the output signal line of the power element T1 and the 
control element T2, in a vertical direction relative to the top 
surface of the power element T1. Therefore, in the structure of 
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the first embodiment, electromagnetic noise generated in the 
wire 7 and spread to the control element T2 can be partly 
blocked out by the second die pad 2c. Consequently, the 
semiconductor device of the first embodiment can reduce the 
possibility of an operational error of the control element T2. 
0043. At least a part of the second die pad 2c, preferably 
the undersurface of the second die pad 2c, may be plated with 
a magnetic material Such as nickel (Ni). Thus, electromag 
netic noise generated in the power element T1 can be 
absorbed by the plated layer, further reducing the possibility 
of an operational error of the control element T2. 
0044. In the first embodiment, the first relay lead 1b of the 

first lead frame 1 and the second relay lead 2b of the second 
lead frame 2 are joined to each other with caulking, and are 
thus electrically connected. 
0045. In the first embodiment, the second lead frame 2 is 
disposed so as to cover at least a part of the first lead frame 1. 
Therefore, electromagnetic noise generated in the power ele 
ment T1 can be blocked out by the second lead frame 2 
disposed on the undersurface of the control element T2. As a 
result, the amount of electromagnetic noise reaching the con 
trol element T2 is reduced. Thus, the possibility of an opera 
tional error of the control element T2 can be reduced, thereby 
increasing the reliability of an operation of the control ele 
ment T2. 

0046. In addition, in the first embodiment, as shown FIGS. 
1 and 2, the first external connection lead 1a1 and the second 
relay lead2b are coupled and joined to each other with caulk 
ing (a caulking portion 1d). Further, in the first embodiment, 
as shown in FIGS. 1 and 3, the first die pad 1c and a projecting 
portion 2g of the second die pad 2c are coupled, joined, and 
connected to each other with caulking (a caulking portion 1g). 
The coupled and joined portion is a joint portion (in the case 
of caulking, the caulking portion 1d or the caulking portion 
1g). 
0047. As will be specifically described later, an end 2d of 
the second relay lead 2b having one end connected to the first 
external connection lead 1a1 with caulking and the end Sur 
face of a suspended lead 2e of the second die pad 2c are cut off 
before molding resin is injected into the outer package 4, and 
are immersed in the resin of the outer package 4. In other 
words, the ends (end surfaces) of the second relay lead2b and 
the suspended lead 2e are not exposed to the outside of the 
outer package 4 in the semiconductor device of the first 
embodiment. 

0048 Next, the steps of manufacturing the semiconductor 
device according to the first embodiment will be described 
referring to FIGS. 4 to 13. Incidentally, FIGS. 5 to 11 are 
cross-sectional views taken along the line A-A in FIG. 1 in the 
respective manufacturing steps. 
0049 FIG. 4 is a flow chart showing the steps of manufac 
turing the semiconductor device according to the first 
embodiment. 

0050. In FIG.4, in step S1 as a first step, the first lead frame 
1 and the second lead frame 2 are prepared and then disposed 
between holders 11 and 12 shown in FIG. 5. 

0051. Next, in step S2 as a second step, the first lead frame 
1 and the second lead frame 2 are fixed by the holders 11 and 
12. 

0052 Next, in step S3 as a third step, the first lead frame 1 
and the second lead frame 2 are joined to each other by 
caulking pins 13A and 13B. 

Jan. 17, 2013 

0053 Next, in step S4 as a fourth step, the second relay 
lead2b of the second lead frame 2 and the suspended lead 2e 
are interposed between a cutting pin 15A and a die 15B, and 
are thus caulked and cut off. 

0054. In step S5 as a fifth step, the first lead frame 1 and the 
second lead frame 2 subjected to the fourth step are moved 
from between the holders 11 and 12 to between a lower mold 
16 and an upper mold 17, and are disposed therebetween. 
0055. In step S6 as a sixth step, the first lead frame 1 and 
the second lead frame 2 are molded with molding resin 
between the lower mold 16 and the upper mold 17, so that the 
outer package 4 is formed. Thereafter, the outer package 4 is 
removed from between the molds, thereby obtaining the 
semiconductor device according to the first embodiment. 
0056 FIG. 5 shows the state of the semiconductor device 
in the first step in FIG. 4. 
0057 First, as shown in FIG.5, the heat dissipation plate 3 
with the insulating sheet 5 temporarily bonded thereto is 
mounted on the holder 11 between the holders 11 and 12. 
Further, the first lead frame 1 is mounted on the heat dissipa 
tion plate 3 such that the undersurface of the first die pad 1c 
and the undersurface of the first relay lead 1b of the first lead 
frame 1 contact the insulating sheet 5. 
0.058 At this point, the caulking pin 13B, a press pin 14B, 
and the die 15B are provided on the holder 11. Further, the 
caulking pin 13A corresponding to the caulking pin 13B, a 
press pin 14A corresponding to the press pin 14B, and the 
cutting pin 15A corresponding to the die 15B are provided on 
the holder 12. 
0059 A protrusion 1d 1 projecting upward is formed by 
bending on the leading end of the first relay lead 1b. A metal 
plated layer is formed on the surface of the protrusion 1d 1. 
The metal-plated layer is made of a metal with low contact 
resistance Such as nickel (Ni) or gold (Au). 
0060 Subsequently, a through hole 2f of the second relay 
lead2b of the second lead frame 2 is aligned with the protru 
sion1d 1 of the first relay lead 1b. Specifically, the second lead 
frame 2 is mounted on the first lead frame 1 as indicated by the 
dashed line after aligning the through hole 2f with the protru 
sion1d 1. That is, the second lead frame 2 is mounted such that 
the protrusion1d 1 of the first relay lead 1b is inserted into the 
through hole 2f of the second relay lead 2b. At this point, a 
metal-plated layer is formed on the inner wall and the top 
surface periphery of the through hole 2f. The metal-plated 
layer is made of a metal with low contact resistance Such as 
nickel (Ni) or gold (Au). 
0061 Here, the configurations of the first lead frame 1 and 
the second lead frame 2 will be described in reference to the 
FIGS 14 to 16. 

0062 FIG. 14 shows a specific example of the first lead 
frame 1. The position of the outer package 4 indicated by the 
two-dot chain line is to be molded with resin. Reference 
numerals 1a1 to 1a5 correspond to the first external connec 
tion leads 1a1 to 1a4 shown in FIGS. 1 to 3. In FIGS. 1 to 3, 
the first relay lead 1b is disposed in the proximity of the 
draw-out side of the second lead frame 2 (the longer side 4b 
of the outer package 4). However, in the specific example of 
FIG. 7, first relay leads 1b1 to 1b9 are disposed on the same 
side as the first external connection leads 1a1 to 1a5 in the 
specific example of FIG.7. In the semiconductor device of the 
first embodiment, as shown in FIG. 14, the first relay leads 
1b4 to 1b9 are concentratedly disposed between the first 
external connection leads 1a 4 and 1a5 requiring a creepage 
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distance for insulation therebetween especially when the 
semiconductor device is obtained. 
0063 FIG. 15 shows a specific example of the second lead 
frame 2 to be combined with the first lead frame 1 shown in 
FIG. 14. In the second lead frame 2, second relay leads 2b4 to 
2b9 are formed in positions corresponding to the first relay 
leads 1b4 to 1b9. FIG. 16 shows that the first lead frame 1 of 
FIG. 14 is combined with the second lead frame 2 of FIG. 15. 
0064. The first lead frame 1 and the second lead frame 2 
are configured as described above. 
0065 FIG. 6 shows the state of the semiconductor device 
in the second step in FIG. 4. 
0.066. As shown in FIG. 6, the holder 12 is lowered in a 
state in which the first lead frame 1 and the second lead frame 
2 are aligned with each other, so that the first lead frame 1 and 
the second lead frame 2 are interposed, held, and fixed 
between the holders 11 and 12. 
0067 FIG. 7 shows the state of the semiconductor device 
in the third step in FIG. 4. 
0068. As shown in FIG. 7, the press pin 14A and the 
caulking pin 13A are lowered in the state in which the first 
lead frame 1 and the second lead frame 2 are interposed and 
held between the holders 11 and 12. In the first embodiment, 
the press pin 14A is lowered at a faster speed than the caulking 
pin 13A. This is because the press pin 14A fixes the position 
of the first lead frame 1 by pressing before the caulking pin 
13A caulks the protrusion 1d 1 in the first embodiment. Fur 
ther, in the state where the first lead frame 1 is fixed by the 
press pin 14A, the caulking pin 13A crushes the protrusion 
1d 1 of the first relay lead 1b to form the caulking portion1d, 
so that the first lead frame 1 and the second lead frame 2 are 
joined to each other. 
0069. In the present embodiment, a protrusion 1g1 formed 
on the first die pad 1c is also crushed (not shown). At this 
point, the first die pad 1c is pressed towards the heat dissipa 
tion plate 3 by the press pin 14A. The insulating sheet 5 is 
deformed by pressing with the press pin 14A, thereby absorb 
ing a variation in the thickness of the first die pad 1c. 
0070 FIG. 8 shows the state of the semiconductor device 
in the fourth step in FIG. 4. 
0071. As shown in FIG. 8, in the third step, the second 
relay lead 2b having the one end connected to the first relay 
lead 1b by the formed caulking portion1d and the suspended 
lead 2e of the second die pad 2c are interposed and cut off 
between the cutting pin 15A and the die 15B. At this point, 
since the second relay lead 2b is held between the holders 11 
and 12 by the caulking portion 1d, the second relay lead 2b 
can be cut off by the cutting pin 15A and the die 15B. Simi 
larly, since the suspended lead 2e is held between the holders 
11 and 12 by the caulking portion 1g, the Suspended lead 2e 
can be cut off by the cutting pin 15A and the die 15B. 
0072 FIG. 9 shows the state of the semiconductor device 
without the holders 11 and 12 after cutting off. As shown in 
FIG.9, a portion in the second lead frame 2 to be cut off by the 
cutting pin 15A and the die 15B is located inside an area 
(indicated by the two-dot chain line in FIG. 9) where the 
semiconductor package is to be molded with resinas the outer 
package 4, that is, inside the semiconductor package. 
0073. In the specific cases of the first lead frame 1 and the 
second lead frame 2 shown in FIGS. 14 and 15, the suspended 
lead of the second relay leads 2b4 to 2b9 is cut off by the 
cutting pin 15A and the die 15B. Simultaneously, the sus 
pended lead of the first relay leads 1b1 to 1b9 is cut off by the 
cutting pin 15A and die 15B. 
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0074 FIG.10 shows the state of the semiconductor device 
in the fifth step in FIG. 4. 
(0075. As shown in FIG. 10, the integrated first lead frame 
1 and second lead frame 2 after the fourth step in FIG. 4 are 
interposed and fixed between the lower mold 16 and the upper 
mold 17. 
0076. Here, gaps caused by the cut-off leads can be nar 
rowed by providing movable mechanisms and so on (not 
shown) for filling the gaps on the lower mold 16 and the upper 
mold 17. However, the movable mechanisms for filling the 
gaps caused by the cut-off leads may be complicated mecha 
nisms since the positions of the Suspended leads depend on 
the type of semiconductor device in Some cases. 
0077 FIG. 11 shows the state of the semiconductor device 
in the sixth step (molding step) in FIG. 4. 
0078. As shown in FIG. 11, a molding resin 20 such as 
epoxy resin is injected from a gate 17B of the upper mold 17 
into a cavity 18 formed between the lower mold 16 and the 
upper mold 17. The molding resin 20 is injected into the 
cavity 18 in this way, and the outer package 4 is formed by 
transfer molding. At this point, the first lead frame 1 is pressed 
against the lower mold 16 by a mold insertion pin 19 disposed 
on the side of the gate 17B of the upper mold17 (the left side 
of FIG. 11), and thus the molding resin 20 does not leak into 
the undersurface side of the heat dissipation plate 3 on the side 
of the gate 17B. In addition, the opposite side of the gate 17B 
(the right side of FIG. 11) is pressed against the lower mold 16 
by the injected molding resin 20, and thus the molding resin 
20 does not leak into the undersurface side of the heat dissi 
pation plate 3 on the opposite side of the gate 17B. Therefore, 
the molding resin 20 is not present on the undersurface side of 
the heat dissipation plate 3 after resin molding, so that heat 
dissipation is not deteriorated. 
007.9 Further, the mold insertion pin 19 is moved up and 
pulled out of the cavity 18 before the injected molding resin 
20 begins hardening. Thereafter, the molding resin 20 hard 
ens, so that the outer package 4 is formed. The adhesive layers 
of the insulating sheet 5 melt and then cure while the molding 
resin 20 hardens. Thus, adhesion is strengthened between the 
insulating sheet 5, the undersurface of the first die pad 1c of 
the first lead frame 1, and the heat dissipation plate 3. 
0080 Finally, the semiconductor device is removed from 
the cavity 18, thereby accomplishing the resin molding semi 
conductor device shown in FIGS. 1 to 3. FIG. 12 shows the 
bottom of the resin molding semiconductor device in which 
the first and second lead frames 1 and 2 are used as described 
above. 
0081. In the first embodiment, as shown in FIGS. 7 and 8, 
the cutting pin 15A provided on the holder 12 is lowered 
toward the die 15B provided on the holder 11 and penetrates 
through the second lead frame 2 downward so as to cut off the 
second lead frame 2. The main parts at this point are 
enlargedly shown in FIGS. 17(a) and 17(b). 
I0082 In the case where the cutting pin 15A penetrates 
through the second lead frame 2 downward as shown in FIGS. 
7 and 17(a), a warped portion 21 may be formed on the 
undersurface of the second relay lead 2b as shown in FIG. 
17(b). The warped portion 21 is burr at the time of press 
working. 
I0083. As shown in FIGS. 17(a) and 17(b), the formed 
warped portion 21 decreases a creepage distance for insula 
tion between the second relay lead 2b and the heat dissipation 
plate 3, so that electric field concentration is induced and the 
possibility of dielectric breakdown increases. 
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0084. Therefore, in the first embodiment, in order to pre 
vent dielectric breakdown due to the formation of the warped 
portion 21, as shown in FIGS. 17(a) and 17(b), a corner 3C of 
the heat dissipation plate 3 is formed as a curved portion 
having a radius of about 0.1 mm to 0.5 mm, in the vicinity of 
the end 2d of the second relay lead 2b. In the first embodi 
ment, the curved portion of the corner 3C avoids electric field 
concentration between the corner 3C of the heat dissipation 
plate 3 and the warped portion 21 formed in the second relay 
lead 2b. 
0085 Incidentally, in the flow of the first embodiment, the 

first lead frame 1 is mounted on the heat dissipation plate 3 in 
the first step of FIG. 5, and the first lead frame 1 is bonded to 
the heat dissipation plate 3 when caulking in the third step of 
FIG. 7 and cutting off the leads in the fourth step of FIG. 8. 
However, the first lead frame 1 may also be mounted on the 
heat dissipation plate 3 when molding resin is injected in the 
sixth step of FIG. 11 after cutting off the leads in the fourth 
step of FIG.8. The first lead frame 1 is mounted on the heat 
dissipation plate 3 when injecting molding resin, so that aheat 
source in the molds (the lower mold 16 and the upper mold 
17) can be used for molding with resin and the first lead frame 
1 and the heat dissipation plate 3 can be more effectively 
bonded to each other with heat curing. Further, a heat source 
provided inside the molds is used, thereby eliminating the 
need to separately provide a heat source for bonding the first 
lead frame 1 and the heat dissipation plate 3. In this case, 
however, the heat dissipation plate 3 as the reference of posi 
tioning is not present when caulking and cutting off the leads. 
Thus, the alignment of the first lead frame 1 and the second 
lead frame 2 may be complicated. 

COMPARATIVE EXAMPLE 

I0086 FIG. 13 shows a resin molding semiconductor 
device as a comparative example. 
0087. In the semiconductor device according to the first 
embodiment of FIG. 1, the end 2d of the second relay lead 2b 
and the suspended lead 2e of the second die pad 2c are cut off, 
and are then molded with resin to form the outer package 4. In 
contrast, in the case of the semiconductor device in the com 
parative example, an outer package 4 is formed by resin 
molding without cutting off an end 2d of a second relay lead 
2b and a suspended lead 2e of a second die pad 2c. Thereafter, 
all Suspended leads are cut off outside the outer package 4. 
Thus, the comparative example is different from the first 
embodiment in the timing of cutting off the second relay lead 
2b and the suspended lead 2e. 
0088 Accordingly, as shown in FIG. 13, the second relay 
lead2b extends beyond the outer package 4 in the case of the 
semiconductor device of the comparative example. 
0089. Here, a comparison is made between the semicon 
ductor device of the first embodiment and the semiconductor 
device of the comparative example. 
0090. In the semiconductor device of the first embodi 
ment, the end of the second relay lead 2b and the suspended 
lead 2e are cut off before injecting the molding resin 20 to 
form the outer package 4. Therefore, the end 2d of the second 
relay lead2b and the suspended lead 2e are buried in the resin 
of the outer package 4, and are not drawn or exposed to the 
outside of the outer package 4. In poor high-moisture use 
conditions, for example, the reliability of the semiconductor 
device of the comparative example may be reduced due to 
moisture and so on entering from the interface between the 
second relay lead 2b and the outer package 4 and the end 
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surface of the second relay lead 2b into the semiconductor 
package. In contrast, in the semiconductor device of the first 
embodiment, there is no interface between the second relay 
lead 2b and the outer package 4, and the end Surface of the 
second relay lead 2b is located inside the semiconductor 
package. Therefore, in the semiconductor device of the first 
embodiment, moisture and so on can be Surely prevented 
from entering the semiconductor package, thereby increasing 
the reliability of the semiconductor device. 
0091. In addition, in the comparative example, an interval 
between a first external connection lead 1a4 and a first relay 
lead 1b4 is a creepage distance for insulation. Therefore, the 
interval between the first external connection lead 1a 4 and the 
first relay lead 1b4 has to be increased in order to increase the 
creepage distance for insulation. 
0092. In contrast, in the semiconductor device of the first 
embodiment, the creepage distance for insulation between 
the first external connection lead 1a 4 and the first external 
connection lead 1a5 can be easily secured, since the end 2d of 
the second relay lead 2b is buried in the resin of the outer 
package 4 and is not drawn to the outside of the outer package 
4. Furthermore, in the semiconductor device of the first 
embodiment, the first relay leads 1b4 to 1b9 can be disposed 
concentratedly between the first external connection lead 1a4 
and the first external connection lead 1a5. The semiconductor 
package can be planarly downsized by the concentrated lay 
out as compared to the case where the external connection 
leads are disposed in other positions. 

Second Embodiment 

0093 FIGS. 18 to 20 show a second embodiment. 
0094. In the first embodiment, as shown in FIGS. 7 and 8, 
the cutting pin 15A is moved downward so as to penetrate 
through the second lead frame 2 when cutting off the second 
relay lead 2b of the second lead frame 2 and so on. However, 
in the second embodiment, as shown in FIGS. 18 and 19, a 
cutting pin 15A is moved upward so as to penetrate through a 
second lead frame 2 when cutting offa second relay lead2b of 
the second lead frame 2 and so on. Thus, the second embodi 
ment is different from the first embodiment in the moving 
direction of the cutting pin 15A when cutting off the second 
lead frame 2. 

(0095. In the second embodiment, as shown in FIGS.20(a) 
and 200b), a warped portion 21 is formed on the top surface of 
the second relay lead 2b whereas the warped portion 21 is 
formed on the undersurface of the second relay lead 2b in 
FIG. 17(b) of the first embodiment. In this case, a creepage 
distance for insulation between the second relay lead 2b and 
a heat dissipation plate 3 can be increased even if a corner 3C 
of the heat dissipation plate 3 is not formed as a curved portion 
having a radius of about 0.1 mm to 0.5 mm. Thus, dielectric 
breakdown is unlikely to occur. 
0096. In each of the above-described embodiments, the 
first relay lead 1b, the second relay lead 2b, and so on are 
joined with caulking and thus electrically connected to each 
other. However, joining methods including welding and 
deposition may be used if conditions permitted. Specifically, 
the surfaces of the first relay lead 1b, the second relay lead 2b, 
and so on may be joined to each other by the following 
methods of using ultrasonic waves; pressure welding with 
heat; interposing a molten material Such as Solder between the 
leads; or interposing a resin material Such as a conductive 
adhesive interposed between the leads. 
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INDUSTRIAL APPLICABILITY 

0097. The present invention can be applied to various 
inverters for air conditioners and so on requiring high electric 
power control. 

1. A semiconductor device comprising: 
a resin outer package; 
a first lead frame including first relay leads, a first die pad 

with a first semiconductor chip mounted thereon, and 
first external connection leads which each have an end 
protruding from the outer package; and 

a second lead frame including second relay leads, a second 
die pad with a second semiconductor mounted thereon, 
and second external connection leads which each have 
an end protruding from the outer package, wherein 

the outer package seals the first semiconductor chip and the 
second semiconductor chip, 

the first die pad and the second die pad or the first external 
connection lead and the second relay lead are joined to 
each other at a joint portion, and 

at least one of an end of the second relay lead extending 
from a joint portion with the first relay lead and an end of 
a suspended lead of the second die pad is located inside 
the outer package. 

2. The semiconductor device according to claim 1, wherein 
the first relay lead, the first semiconductor chip, and the first 
external connection lead are electrically connected, and the 
second relay lead, the second semiconductor chip, and the 
second external connection lead are electrically connected. 

3. The semiconductor device according to claim 1, wherein 
the first lead frame and the second lead frame are stacked. 

4. The semiconductor device according to claim 1, wherein 
at least a portion of the first semiconductor chip and at least a 
portion of the second semiconductor chip are disposed so as 
to overlap each other in a plan view. 

5. The semiconductor device according to claim 1, wherein 
the first relay lead of the first lead frame and the second relay 
lead of the second lead frame are joined to each other with 
caulking 

6. The semiconductor device according to claim 1, wherein 
the first relay lead of the first lead frame and the second relay 
lead of the second lead frame are joined to each other with 
Surface joining 

7. The semiconductor device according to claim 1, wherein 
the first relay leads and the first die pad of the first lead frame 
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are coupled to a heat dissipation plate which is partly exposed 
from a surface of the outer package. 

8. A method for manufacturing a semiconductor device, 
comprising: 

preparing a first lead frame including first relay leads, a first 
die pad with a first semiconductor chip mounted thereon, 
and first external connection leads, and a second lead 
frame including second relay leads, a second die pad 
with a second semiconductor chip mounted thereon, and 
second external connection leads: 

joining the first die pad and the second die pad or the first 
relay lead and the second relay lead; 

cutting off the second relay lead of the second lead frame 
extending from a joint portion with the first relay lead or 
a suspended lead of the second die pad inside an area 
where a semiconductor package is to be molded as a 
resin outer package; and 

molding with resin an end of the cut-off second lead frame 
or an end of the cut-off suspended lead disposed inside 
molds to form the outer package. 

9. The method for manufacturing a semiconductor device 
according to claim 8, wherein at least a portion of the first 
semiconductor chip and at least a portion of the second semi 
conductor chip are disposed so as to overlap each other in a 
plan view. 

10. The method for manufacturing a semiconductor device 
according to claim 8, wherein the first relay lead of the first 
lead frame and the second relay lead of the second lead frame 
are joined to each other with caulking 

11. The method for manufacturing a semiconductor device 
according to claim 8, wherein the first relay lead of the first 
lead frame and the second relay lead of the second lead frame 
are joined to each other with Surface joining 

12. The method for manufacturing a semiconductor device 
according to claim 8, wherein the first relay lead and the first 
die pad of the first lead frame are coupled to a heat dissipation 
plate after cutting off either the second relay lead or the 
Suspended lead. 

13. The method for manufacturing a semiconductor device 
according to claim 8, wherein the first relay lead and the first 
die pad of the first lead frame are coupled to the heat dissipa 
tion plate before joining the first die pad and the second die 
pad or the first relay lead and the second relay lead. 
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