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(57) ABSTRACT 
Aresin-molded semiconductor device includes: signal leads; 
a die pad With a central portion elevated above a peripheral 
portion thereof; support leads, each including a raised por 
tion higher in level than the other portions; and DB paste for 
use in die bonding. All of these members are encapsulated 
Within a resin encapsulant. The loWer part of each of these 
signal leads protrudes doWnWard out of the resin encapsu 
lant and functions as an external electrode. Each of the 
support leads is provided With tWo bent portions to cushion 
the deforming force. By forming a half-blanked portion in 
the die pad, the central portion is elevated above the periph 
eral portion, thus preventing the semiconductor chip from 
being hampered by the support leads. Accordingly, the siZe 
of the semiconductor chip mounted can be selected from a 
broader range and the humidity resistance of the device can 
also be improved. 
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RESIN-MOLDED SEMICONDUTOR DEVICE, 
METHOD FOR MANUFACTURING THE SAME, 

AND LEADFRAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a resin-molded 
semiconductor device in Which semiconductor chip, lead 
frame and so on are molded With a resin encapsulant. In 
particular, the present invention relates to an improved 
device With the backside of a die pad exposed to radiate heat 
from a built-in poWer electronic device more ef?ciently. 

[0002] In recent years, to catch up With rapidly advancing 
doWnsiZing of electronic units, it has become increasingly 
necessary to assemble semiconductor components for those 
electronic units at a higher and higher density. Correspond 
ingly, siZes and thicknesses of the semiconductor compo 
nents such as resin-molded semiconductor devices, in Which 
semiconductor chip, leadframe and so on are molded With a 
resin encapsulant, have also been noticeably reduced. 
Examples of resin-molded semiconductor devices accom 
plishing these objects include a so-called “quad ?at non 
leaded (QFN)” package. From the QFN package, outer 
leads, Which are usually provided to protrude laterally out of 
a package, are eliminated. Instead, external electrodes to be 
electrically connected to a motherboard are provided on the 
backside of the QFN package. 

[0003] Particularly When a poWer electronic device is built 
in a semiconductor chip, the resin-molded semiconductor 
device should have its size or thickness reduced While taking 
its heat radiation properties into account. Thus, a QFN 
package for a poWer electronic device (hereinafter, simply 
referred to as a “poWer QFN package”) has intentionally 
exposed the backside of a die pad, on Which a semiconductor 
chip is mounted, not covered With a resin encapsulant. 
Hereinafter, structure and manufacturing method of a con 
ventional poWer QFN package Will be described. 

[0004] FIG. 18(a) is a perspective vieW of a conventional 
poWer QFN package; FIG. 18(b) is a cross-sectional vieW 
thereof taken along the line XVIIIb-XVIIIb in FIG. 18(41); 
and FIG. 18(c) is a bottom vieW thereof. 

[0005] As shoWn in FIGS. 18(a) through 18(c), the con 
ventional poWer QFN package includes a leadframe con 
sisting of: signal leads 101; a die pad 102; and support leads 
103 for supporting the die pad 102. A semiconductor chip 
104 With a built-in poWer electronic device is bonded on the 
die pad 102 With an adhesive 108, and electrode pads (not 
shoWn) of the chip 104 are electrically connected to the 
signal leads 101 With metal ?ne Wires 105. And the die pad 
102 except for its backside, semiconductor chip 104, signal 
leads 101, support leads 103 and metal ?ne Wires 105 are 
molded With a resin encapsulant 106. In this structure, no 
resin encapsulant 106 exists on the backside of the signal 
leads 101. In other Words, the backside of the signal leads 
101 is exposed and the respective loWer parts of the signal 
leads 101, including the exposed back surfaces thereof, are 
used as external electrodes 101a. 

[0006] The backside 102a of the die pad 102 is not 
covered With the resin encapsulant 106 either, but functions 
as an exposed heat-radiating plate. By bringing this die pad 
102 into contact With a heat-radiating portion of a mother 
board, a heat quantity, Which has been emitted from the 
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poWer electronic device consuming a lot of poWer, can be 
dissipated, thus suppressing a rise in temperature Within the 
package. 
[0007] According to the conventional technique, When the 
poWer QFN package is mounted on a motherboard such as 
a printed Wiring board, solder ball electrodes are attached 
onto the external electrodes 101a to ensure a standoff height 
as measured from the backside of the resin encapsulant 106. 
This is done because the standoff height is required in 
bonding the external electrodes 101a, i.e., the loWer parts of 
the signal leads 101, to the electrodes of the motherboard. 
After the standoff height has been ensured by providing 
these ball electrodes in this manner, the package is mounted 
on the motherboard. 

[0008] A poWer QFN package like this may be manufac 
tured by performing the folloWing process steps, for 
example. First, a leadframe, including the signal leads 101, 
die pad 102, support leads 103 and so on, is prepared. It 
should be noted that the leadframe prepared is often pro 
vided With dam bars for preventing the over?oW of a resin 
encapsulant during resin molding. Next, the semiconductor 
chip 104 is bonded, With the adhesive 108, onto the die pad 
102 of the leadframe prepared. This process step is called 
“die bonding”. Then, the semiconductor chip 104, Which has 
been bonded onto the die pad 102, is electrically connected 
to the signal leads 101 With the metal ?ne Wires 105. This 
process step is called “Wire bonding”. As the metal ?ne 
Wires 105, aluminum or gold (Au) ?ne Wires may be 
appropriately used, for example. 

[0009] Subsequently, the semiconductor chip 104, part of 
the die pad 102 except for the backside thereof, signal leads 
101, support leads 103 and metal ?ne Wires 105 are molded 
With the resin encapsulant 106 such as an epoxy resin. In this 
case, the leadframe, on Which the semiconductor chip 104 
has been bonded, is introduced into a molding die assembly 
and transfer-molded. In particular, resin molding is per 
formed With the backside of the signal leads 101 in contact 
With the upper or loWer die of the die assembly. Finally, the 
ends of the signal leads 101, protruding outWard from the 
resin encapsulant 106, are cut off after the resin molding 
process step. By performing this cutting process step, the 
end faces of the signal leads 101 cut off are substantially 
?ush With the side faces of the resin encapsulant 106. That 
is to say, this structure does not include any outer leads, 
Which are ordinarily provided as external terminals. Instead, 
solder ball electrodes are provided for this structure as 
alternative external terminals under the external electrodes 
101a, Which are respective exposed loWer parts of the signal 
leads 101 not covered With the resin encapsulant 106. As the 
case may be, a solder plating layer is sometimes formed in 
place of the solder balls. 

[0010] The conventional poWer QFN package, hoWever, 
has the folloWing draWbacks. First, since the loWer surfaces 
of the external electrodes 101a are located in substantially 
the same plane as the resin encapsulant 106 on the backside 
of the semiconductor device, no standoff height is ensured as 
measured from the bottom of the resin encapsulant 106. 
Thus, the device must be mounted onto a motherboard With 
the solder ball electrodes interposed therebetWeen. Accord 
ingly, mounting cannot be carried out efficiently. 

[0011] In the conventional manufacturing process of a 
resin-molded semiconductor device, a leadframe, on Which 
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a semiconductor chip has been bonded, is introduced into a 
die assembly. Then, the leadframe With the chip mounted is 
molded With a resin by pressing the signal leads against the 
surface of the loWer die such that the leads come into close 
contact With the die. Even so, there occurs a problem that the 
resin encapsulant reaches the backside of the signal leads to 
form a resin burr (over?oWed resin) on the surface of the 
external electrodes. 

[0012] Thus, according to a proposed technique, a seal 
tape is interposed betWeen the loWer surface of the outer rail 
or the signal leads and the surface of the die assembly and 
resin molding is carried out With the loWer parts of the signal 
leads forced into the seal tape. In this manner, those loWer 
parts of the signal leads are protruded doWnWard out of the 
resin encapsulant. In such a case, hoWever, if the outer rail 
is deformed due to the clamping force applied to the outer 
rail and to the signal leads neighboring the outer rail, the 
force causing that deformation might be transmitted to the 
die pad by Way of the support leads. As a result, the die pad 
might be deformed or displaced. It is imaginable to eliminate 
the support leads to obviate such inconvenience. Neverthe 
less, the reliability of the package might be risked because 
the die pad could not be supported With certainty in such a 
case. 

[0013] In vieW of these respects, part of a support lead is 
preferably bent to form a raised portion higher in level than 
the other portions of the support lead. Then, the support lead 
can function as a sort of spring cushioning the deformation 
of the die pad. Accordingly, it is probably possible to prevent 
the die pad from being deformed due to the clamping force 
applied to the outer rail of the leadframe. 

[0014] If the support leads are expected to perform a 
deformation cushioning function by providing those raised 
portions therefor, hoWever, such a structure lacks in adapt 
ability to chips of various siZes. Speci?cally, aside from 
semiconductor chips of relatively small siZes, if semicon 
ductor chips of relatively large siZes are mounted on such a 
leadframe structure, those chips might be hampered by the 
raised portions of the signal leads. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is providing a 
resin-molded semiconductor device adaptable to semicon 
ductor chips of Widely varying siZes and a method for 
manufacturing the same. 

[0016] Another object of the present invention is improv 
ing the reliability of a resin-molded semiconductor device 
by preventing a resin encapsulant from being peeled off a die 
pad With a lot more certainty. 

[0017] A leadframe according to the present invention is 
used for manufacturing a resin-molded semiconductor 
device. The leadframe includes: an outer rail surrounding an 
opening, in Which a semiconductor chip Will be mounted; a 
die pad provided inside the opening; a plurality of support 
leads for supporting the die pad; and a plurality of signal 
leads, Which are connected to the outer rail around the 
periphery of the opening and extend toWard the die pad. 
Each said support lead is provided With a raised intermediate 
portion higher in level than the other portion thereof. A 
central portion of the die pad is elevated above a peripheral 
portion thereof surrounding the central portion to support the 
semiconductor chip thereon. 
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[0018] In the leadframe according to the present invention, 
each support lead is provided With a raised portion and can 
cushion the force causing deformation. Thus, When resin 
molding is performed using this leadframe and a seal tape 
such that a loWer part of each signal lead protrudes out of the 
resin encapsulant, the support leads are not deformed even 
With the clamping force applied to the outer rail of the 
leadframe. Accordingly, it is possible to prevent the die pad 
from being deformed or displaced because of the clamping 
force. In addition, since the central portion of the die pad is 
elevated above the peripheral portion thereof, even a semi 
conductor chip of a relatively large siZe is not hampered by 
the support leads. That is to say, the semiconductor chip 
mounted on the leadframe can be selected from a much 
broader siZe range. Moreover, since the semiconductor chip 
is mounted only on the central portion of the die pad, the 
resin encapsulant also exists betWeen the peripheral portion 
of the die pad and the semiconductor chip. As a result, the 
semiconductor chip can be held by the resin encapsulant 
more strongly and a resin-molded semiconductor device 
With improved moisture resistance can be provided. 

[0019] In one embodiment of the present invention, the 
central portion of the die pad is preferably elevated above 
the peripheral portion via a half-blanked portion. In such an 
embodiment, the central portion can be elevated With sub 
stantially no strain applied to the die pad. 

[0020] In another embodiment of the present invention, 
the upper surface of the die pad at the central portion is 
preferably higher in level than the uppermost surface of the 
support leads at the raised portion. In such an embodiment, 
hampering betWeen the semiconductor chip mounted and the 
support leads can be avoided easily and With more certainty. 

[0021] In still another embodiment, the die pad is prefer 
ably partially punched betWeen the central and peripheral 
portions thereof. In such an embodiment, When resin mold 
ing is carried out using this leadframe, the resin encapsulant 
can be poured doWn through the punched portions around 
the central portion. As a result, a resin-molded semiconduc 
tor device, in Which the central portion of the die pad is in 
much closer contact With the resin encapsulant, can be 
provided. 

[0022] A ?rst exemplary resin-molded semiconductor 
device according to the present invention includes: a die pad, 
a central portion of the die pad being elevated above a 
peripheral portion thereof surrounding the central portion; a 
semiconductor chip mounted on the central portion of the 
die pad; a plurality of support leads for supporting the die 
pad; a plurality of signal leads extending toWard the die pad; 
a plurality of metal ?ne Wires for electrically connecting the 
semiconductor chip to the signal leads; and a resin encap 
sulant for encapsulating the semiconductor chip, the die pad, 
the support leads, the metal ?ne Wires and the signal leads 
such that the loWer and outer side faces of each said signal 
lead are exposed as an external terminal and that a loWer part 
of the signal lead protrudes doWnWard. Each said support 
lead extends from the die pad to reach an associated side 
face of the resin encapsulant and is provided With a raised 
intermediate portion higher in level than the other portion of 
the support lead. 

[0023] The ?rst resin-molded semiconductor device per 
forms the same functions and attains the same effects as 
those of the inventive leadframe. As a result, the siZe of a 
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semiconductor chip to be housed in the resin-molded semi 
conductor device can be selected from a Wider range and the 
moisture resistance of the device can be improved. 

[0024] In one embodiment of the present invention, the 
loWer surface of the semiconductor chip is preferably higher 
in level than the uppermost surface of each said support lead. 

[0025] In another embodiment of the present invention, 
the raised portion of each said support lead is preferably 
sloped in such a manner as to reduce its height from a 
portion closest to the die pad toWard the associated side face 
of the resin encapsulant. 

[0026] In still another embodiment, the die pad is prefer 
ably partially punched betWeen the central and peripheral 
portions thereof, and a region under the central portion of the 
die pad is preferably also ?lled in With the resin encapsulant. 
In such an embodiment, the central portion of the die pad can 
be in even closer contact With the resin encapsulant. 

[0027] In still another embodiment, a closed-loop groove 
is preferably formed in the loWer surface of the die pad at the 
peripheral portion. In such an embodiment, the resin encap 
sulant does not over?oW onto the loWer surface of the die 
pad at the peripheral portion. 

[0028] A second exemplary resin-molded semiconductor 
device according to the present invention includes: a die pad, 
a central portion of the die pad being elevated above a 
peripheral portion thereof surrounding the central portion; a 
semiconductor chip mounted on the central portion of the 
die pad; a plurality of support leads for supporting the die 
pad; a plurality of signal leads extending toWard the die pad; 
a plurality of metal ?ne Wires for electrically connecting the 
semiconductor chip to the signal leads; and a resin encap 
sulant for encapsulating the semiconductor chip, the die pad, 
the support leads, the metal ?ne Wires and the signal leads 
such that the loWer and outer side faces of each said signal 
lead are exposed as an external terminal and that a loWer part 
of the signal lead protrudes doWnWard. Each said support 
lead extends from the die pad to reach an associated side 
face of the resin encapsulant and is provided With a raised 
intermediate portion higher in level than the other portion of 
the support lead. The semiconductor chip is supported by the 
raised portions of the support leads. 

[0029] The second resin-molded semiconductor device 
also exhibits improved moisture resistance just like the ?rst 
resin-molded semiconductor device. In addition, the semi 
conductor chip can be supported more stably by the support 
leads in the second device. 

[0030] In one embodiment of the present invention, a 
closed-loop groove is also preferably formed in the loWer 
surface of the die pad at the peripheral portion. 

[0031] A third exemplary resin-molded semiconductor 
device according to the present invention includes: a die pad, 
a central portion of the die pad being elevated above a 
peripheral portion thereof surrounding the central portion; a 
semiconductor chip mounted on the central portion of the 
die pad; a plurality of support leads for supporting the die 
pad; a plurality of signal leads extending toWard the die pad; 
a plurality of metal ?ne Wires for electrically connecting the 
semiconductor chip to the signal leads; and a resin encap 
sulant for encapsulating the semiconductor chip, the die pad, 
the support leads, the metal ?ne Wires and the signal leads 
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such that the loWer and outer side faces of each said signal 
lead are exposed as an external terminal and that a loWer part 
of the signal lead protrudes doWnWard. Part of the resin 
encapsulant is interposed betWeen the upper surface of the 
die pad at the peripheral portion and the backside of the 
semiconductor chip. A groove is provided in the upper 
surface of the die pad at the peripheral portion so as to 
surround the central portion. 

[0032] In the resin-molded semiconductor device accord 
ing to any embodiment of the present invention, a gap exists 
betWeen the upper surface of the die pad at the peripheral 
portion surrounding the central portion thereof and the 
backside of the semiconductor chip. By ?lling in the gap 
With the resin encapsulant, the resin encapsulant can be in 
closer contact With the upper surface of the peripheral 
portion. If the moisture resistance of the device deteriorates 
or if a thermal stress is caused in the device, part of the resin 
encapsulant ?lling the gap betWeen the peripheral portion of 
the die pad and the semiconductor chip might peel off the die 
pad over a Wider and Wider area. In contrast, the third 
resin-molded semiconductor device is provided With a 
groove in the upper surface of the peripheral portion, Where 
peeling of the resin encapsulant possibly happens. Accord 
ingly, even if the resin is peeling off the die pad over an 
increasingly Wide area, that peeled portion can be trapped at 
the groove. Thus, the reliability of the resin-molded semi 
conductor device can be maintained by preventing that 
peeling of the resin off the die pad from expanding. 

[0033] In one embodiment of the present invention, the 
central portion is preferably elevated by pressWorking and 
half-blanking the die pad, and preferably has a substantially 
circular planar shape. 

[0034] In another embodiment of the present invention, a 
plurality of the grooves are preferably provided. 

[0035] In still another embodiment, each said support lead 
preferably extends from the die pad to reach an associated 
side face of the resin encapsulant and is preferably provided 
With a raised intermediate portion higher in level than the 
other portion of the support lead. 

[0036] A ?rst exemplary method for manufacturing a 
resin-molded semiconductor device according to the present 
invention includes the steps of a) preparing a semiconductor 
chip and b) preparing a leadframe. The leadframe includes: 
an outer rail surrounding an opening, in Which the semicon 
ductor chip Will be mounted; a die pad provided inside the 
opening, a central portion of the die pad being elevated 
above a peripheral portion thereof surrounding the central 
portion; a plurality of support leads for connecting the die 
pad to the outer rail, each said support lead including a raised 
intermediate portion higher in level than the other portion 
thereof; and a plurality of signal leads, Which are connected 
to the outer rail around the periphery of the opening and 
extend toWard the die pad. The method further includes the 
steps of: c) bonding the semiconductor chip on the central 
portion of the die pad in the leadframe; d) electrically 
connecting the semiconductor chip to the signal leads via 
connection members; and e) molding the semiconductor 
chip, the die pad, the connection members, the support leads 
and the signal leads With a resin encapsulant With a seal tape 
interposed betWeen the backside of the leadframe and a die 
assembly and With clamping force applied to the leadframe 
and the seal tape. 
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[0037] According to the ?rst method, the size restrictions 
of semiconductor chips can be eased, the deformation or 
displacement of the die pad during resin molding can be 
suppressed and the loWer part of each signal lead can be 
protruded out of the resin encapsulant. 

[0038] In one embodiment of the present invention, the 
clamping force is preferably applied to the outer rail of the 
leadframe and to the seal tape in the step e). In such an 
embodiment, the loWer part of each signal lead adjacent to 
the outer rail can have its protrusion height increased. 

[0039] In another embodiment of the present invention, a 
closed-loop groove is preferably formed in the loWer surface 
of the die pad at the peripheral portion in the step b). In such 
an embodiment, it is possible to prevent the resin encapsu 
lant from over?owing so far as to reach the loWer surface of 
the die pad at the peripheral portion. 

[0040] In still another embodiment, the die pad is prefer 
ably partially punched betWeen the central and peripheral 
portions thereof in the step b). In such an embodiment, the 
resin encapsulant can be poured doWn through the punched 
portions around the central portion of the die pad during the 
resin molding step e). 

[0041] A second exemplary method for manufacturing a 
resin-molded semiconductor device according to the present 
invention includes the steps of a) preparing a semiconductor 
chip With electrodes and b) preparing a leadframe. The 
leadframe includes: an outer rail surrounding an opening, in 
Which the semiconductor chip Will be mounted; a die pad 
provided inside the opening, a central portion of the die pad 
being elevated above a peripheral portion thereof surround 
ing the central portion, a groove being provided in the upper 
surface of the die pad at the peripheral portion; a plurality of 
support leads for supporting the die pad; and a plurality of 
signal leads, one end of each said signal lead being con 
nected to the outer rail, While the other end thereof extending 
toWard the die pad. The method further includes the steps of: 
c) securing the semiconductor chip onto the die pad by 
bonding the upper surface of the die pad at the central 
portion to the backside of the semiconductor chip via an 
adhesive; d) electrically connecting the electrodes of the 
semiconductor chip mounted on the die pad to the signal 
leads of the leadframe With metal ?ne Wires; e) molding the 
semiconductor chip, the die pad, the support leads, the metal 
?ne Wires and the signal leads With a resin encapsulant such 
that the loWer and outer side faces of each said signal lead 
are exposed as an external terminal and that a loWer part of 
the signal lead protrudes doWnWard; and f) partially cutting 
the signal leads off such that an end face of each said signal 
lead is substantially ?ush With an associated side face of the 
resin encapsulant, and cutting the support leads off to 
remove the resin-molded semiconductor device from the 
outer rail of the leadframe. 

[0042] According to the second method, a highly reliable 
resin-molded semiconductor device can be obtained by 
stopping the progress of peeling of the resin off the die pad. 

[0043] In one embodiment of the present invention, the 
central portion of the die pad is preferably elevated above 
the peripheral portion by pressWorking and half-blanking the 
die pad in the step b). In such an embodiment, strain, Which 
might be caused in the die pad When the central portion 
thereof is elevated above the peripheral portion, can be 
minimiZed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] FIG. 1(a) is a cross-sectional vieW of a poWer QFN 
package according to a ?rst embodiment of the present 
invention taken along the line Ia-Ia; and 

[0045] FIG. 1(b) is a plan vieW of the poWer QFN 
package. 

[0046] FIG. 2 is a bottom vieW of the poWer QFN package 
according to the ?rst embodiment. 

[0047] FIGS. 3(a) and 3(b) are plan vieWs illustrating the 
step of preparing a leadframe during a manufacturing pro 
cess according to the ?rst embodiment: 

[0048] FIG. 3(a) illustrates the leadframe formed by pat 
terning a copper alloy plate; and 

[0049] FIG. 3(b) illustrates the leadframe Wrought by 
press-Working. 

[0050] FIGS. 4(a) and 4(b) are cross-sectional vieWs illus 
trating hoW the cross section of a leadframe Workpiece 
changes before and after a die pad is half-blanked during the 
manufacturing process according to the ?rst embodiment. 

[0051] FIG. 5 is a cross-sectional vieW illustrating the step 
of bonding a semiconductor chip onto the die pad during the 
manufacturing process according to the ?rst embodiment. 

[0052] FIG. 6 is a cross-sectional vieW illustrating the step 
of forming metal ?ne Wires during the manufacturing pro 
cess according to the ?rst embodiment. 

[0053] FIG. 7 is a cross-sectional vieW illustrating the step 
of interposing a seal tape betWeen the leadframe and a 
molding die assembly during the manufacturing process 
according to the ?rst embodiment. 

[0054] FIG. 8 is a cross-sectional vieW illustrating a resin 
molding step during the manufacturing process according to 
the ?rst embodiment. 

[0055] FIG. 9(a) is a plan vieW of a loWer die used 
according to the ?rst embodiment; and 

[0056] FIG. 9(b) is a cross-sectional vieW illustrating hoW 
resin molding is carried out. 

[0057] FIGS. 10(a), 10(b) and 10(c) are perspective vieWs 
illustrating a resin molding assembly With a seal tape feeder 
and hoW to carry out resin molding according to the ?rst 
embodiment. 

[0058] FIG. 11 is a cross-sectional vieW illustrating a state 
of the die assembly during resin molding in the manufac 
turing process according to the ?rst embodiment. 

[0059] FIG. 12(a) is a plan vieW of a leadframe for a 
poWer QFN package according to a second embodiment of 
the present invention; and 

[0060] FIG. 12(b) is a bottom vieW of the poWer QFN 
package molded With a resin. 

[0061] FIG. 13(a) is a plan vieW of a leadframe for a 
poWer QFN package according to a third embodiment of the 
present invention; and 

[0062] FIGS. 13(b) and 13(c) are cross-sectional vieWs of 
the leadframe taken along the lines XIIIb-XIIIb and XIIIc 
XIIIc, respectively. 


















