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(57) ABSTRACT 

A semiconductor device superior in heat dissipating perfor 
mance and permitting reduction of the packaging cost is 

3a 

provided. The semiconductor device comprises a sealing 
body formed of an insulating resin, a semiconductor chip 
positioned Within the sealing body, the semiconductor chip 
having a gate electrode and a source electrode on a ?rst main 

surface thereof and having a back electrode (drain electrode) 
on a second main surface thereof, a drain electrode plate 

projecting in a gull Wing shape on one end side of the sealing 
body, an upper surface of a portion of the drain electrode 
plate Which portion is positioned in the sealing body being 
exposed from the sealing body and a loWer surface thereof 
being connected to the back electrode through an adhesive, 
a gate electrode plate projecting in a gull Wing shape on an 
opposite end side of the sealing body and being connected 
to the gate electrode Within the sealing body, a source 
electrode plate projecting in a gull Wing shape on the 
opposite end side of the sealing body and being connected 
to the source electrode Within the sealing body, a depression 
formed in the surface of the drain electrode plate Within the 
sealing body and ?lled With the resin Which forms the 
sealing body, and a projecting portion formed on the surface 
of the drain electrode plate Within the sealing body and 
engaged With the sealing body. The drain electrode plate and 
the source electrode plate branch into plural branch pieces 
(leads) serving as gull Wing-shaped surface mounting ter 
minals. 
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SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims priority from J apa 
nese patent application No. 2004-065413 ?led on Mar. 9, 
2004, the content of Which is hereby incorporated by refer 
ence into this application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
device and a method of manufacturing the same. Particu 
larly, the present invention is concerned With a technique 
applicable effectively to the manufacture of a semiconductor 
device Wherein a semiconductor chip Which generates a 
large amount of heat is sealed. 

[0003] As a high output semiconductor device there is 
knoWn a semiconductor device Wherein a semiconductor 
chip formed With a poWer transistor is incorporated Within a 
sealing body. As examples of poWer transistors are men 
tioned poWer MOSFET (Metal Oxide Semiconductor Field 
Effect-Transistor), IGBT (Insulated Gate Bipolar Transis 
tor), and bipolar poWer transistor. 

[0004] ApoWer MOSFET device is of a structure Wherein 
a poWer MOSFET chip is incorporated Within a sealing 
body. As a poWer MOSFET device there is knoWn one 
having a structure Wherein a metallic member serving as a 
drain terminal is exposed to the bottom of a sealing body 
formed of an insulating resin, and lead terminals for source 
and gate respectively are disposed on one side of the sealing 
body. The lead terminals for source and gate are partially 
bent and exposed to an upper surface of the sealing body. 
The lead terminals for source and gate extending into the 
sealing body are electrically connected respectively to 
source and gate electrodes on an upper surface of a semi 
conductor chip ?xed onto the metallic member. These leads 
are ultrasonic-bonded to Au bumps Which are arranged on 
source and gate electrodes uniformly by a Wire ball bonding 
method. (See, for example, Patent Literature 1.) 

[0005] On the other hand, in connection With manufacture 
of a semiconductor device (LFPAK: Loss Free Package), 
there is knoWn a technique Wherein gold bumps are formed 
on a main surface of a semiconductor Wafer and thereafter 
the semiconductor Wafer is diced into individual semicon 
ductor chips having gold bumps (bump electrodes) (see, for 
example, Patent Literature 2). 

[0006] [Patent Literature 1] 

[0007] Japanese Unexamined Patent Publication No. 
2000-223634 

[0008] [Patent Literature 2] 

[0009] Japanese Unexamined Patent Publication No. 
2003-86787 

SUMMARY OF THE INVENTION 

[0010] The present inventors have made studies about 
improving the heat dissipating performance of a high output 
semiconductor device having a sealing body formed of an 
insulating resin and also about reducing the packaging cost. 
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[0011] As a high output semiconductor device there is 
knoWn one having a structure Wherein metallic lead termi 
nals and die terminals (electrode plates) are exposed to an 
upper surface and a back surface of a sealing package 
(sealing body) for improving the heat dissipating perfor 
mance, as is disclosed in Patent Literature 1. 

[0012] In this structure, the electrode plates (die terminals) 
to Which a back electrode of a semiconductor chip, (elec 
trode formed substantially throughout the Whole area of the 
chip), is connected are exposed to a loWer surface of the 
sealing body, While electrode plates (lead terminals) con 
nected to electrodes (bump electrodes) formed on an upper 
surface (main surface) of the semiconductor chip are 
exposed to the loWer surface of the sealing body. When the 
semiconductor device is mounted on a mounting substrate, 
the electrode plates (die terminals) confront the mounting 
substrate. 

[0013] For the dissipation of heat from the electrode plates 
exposed to the loWer surface of the sealing body to the 
mounting substrate, it is necessary that, for example, a 
copper layer superior in thermal conductivity be built into 
the mounting substrate. As a result, the cost of the mounting 
substrate becomes high, obstructing the reduction of the 
packaging cost. 

[0014] It is an object of the present invention to provide a 
semiconductor device superior in heat dissipating perfor 
mance and a method of manufacturing the same. 

[0015] It is another object of the present invention to 
provide a semiconductor device Which permits reduction of 
the packaging cost and a method of manufacturing the same. 

[0016] It is a further object of the present invention to 
provide an electronic device superior in heat dissipating 
performance and permitting reduction of the packaging cost. 

[0017] The above and other objects and novel features of 
the present invention Will become apparent from the fol 
loWing description and the accompanying draWings. 

[0018] Typical modes of the present invention as disclosed 
herein Will be outlined beloW. 

[0019] (1) A semiconductor device comprising: 

[0020] a sealing body formed of an insulating resin, 
the sealing body having an upper surface, a loWer 
surface opposite to the upper surface, and side faces 
connecting the upper surface and the loWer surface 
With each other; 

[0021] a semiconductor chip positioned Within the 
sealing body, the semiconductor chip having a plu 
rality of electrodes over a ?rst main surface thereof 
and a back electrode over a second main surface 

thereof opposite to the ?rst main surface; 

[0022] a plurality of ?rst electrode plates, one end 
sides of the ?rst electrode plates being positioned 
Within the sealing body, the electrodes of the semi 
conductor chip being connected to upper surfaces of 
the one end sides of the ?rst electrode plates, oppo 
site end sides of the ?rst electrode plates projecting 
sideWays of the sealing body and being bent to form 
gull Wing-shaped surface mounting terminals; and 
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[0023] a second electrode plate, an upper surface of 
one end side of the second electrode plate being 
exposed to the upper surface of the sealing body, the 
back electrode over the semiconductor chip being 
connected through an adhesive to a loWer surface of 
the second electrode plate opposite to the upper 
surface of the one end side, an opposite end side of 
the second electrode plate projecting sideWays of the 
sealing body and being bent to form gull Wing 
shaped surface mounting terminals. 

[0024] The portion of the second electrode plate projecting 
sideWays from the sealing body branches into plural portions 
and the plural branched portions constitute the surface 
mounting terminals. 

[0025] Depressions to Which side edges of the electrode 
plate are opened are formed in side edges of a part of the 
upper surface of the second electrode plate and the resin 
Which forms the sealing body is buried into the depressions. 
Likewise, depressions are formed in upper surfaces of at 
least a part of branch starting portions of the branch ends and 
also in upper surfaces of electrode plate edges each extend 
ing betWeen adjacent branch ends. The opposite surface 
portions of the electrode plate corresponding to the depres 
sions are projected. The resin Which forms the sealing body 
is buried into the depressions and the projecting portions bite 
into the said resin. 

[0026] A transistor (?eld effect transistor) is formed on the 
semiconductor chip. A ?rst electrode (source electrode) and 
a control electrode (gate electrode) as salient electrodes are 
formed over the ?rst main surface of the semiconductor 
chip. A second electrode (drain electrode) is formed as a 
back electrode over the second main surface of the semi 
conductor chip. The source electrode is connected to one 
?rst electrode plate and the gate electrode is connected to 
another ?rst electrode plate. 

[0027] The semiconductor device constructed as above is 
manufactured by a method comprising the steps of: 

[0028] providing ?rst and second lead frames having 
been subjected to patterning; 

[0029] providing a semiconductor chip, the semicon 
ductor chip having a plurality of electrodes (source 
and gate electrodes) over a ?rst main surface thereof 
and a back electrode (drain electrode) over a second 
main surface thereof opposite to the ?rst main sur 
face; 

[0030] electrically connecting the plural electrodes 
(source and gate electrodes) over the ?rst main 
surface of the semiconductor chip respectively to a 
plurality of ?rst electrode plates (source and gate 
electrode plates) of the ?rst lead frame; 

[0031] electrically connecting the back electrode 
(drain electrode) of the semiconductor chip to a 
second electrode plate (drain electrode plate) of the 
second lead frame through an electrically conductive 
adhesive; 

[0032] forming a sealing body With use of an insu 
lating resin so as to cover one end side of the 
semiconductor chip and that of the ?rst lead frame 
and so as to expose a surface side of the second 
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electrode plate (drain electrode plate) of the second 
lead frame to Which surface side the semiconductor 
chip is not ?xed; and 

[0033] cutting off an unnecessary portion of the lead 
frame and forming the electrode plate portion pro 
jecting from the sealing body into surface mounting 
terminals. 

[0034] In each of the ?rst and second lead frames, the 
electrode plate portion extending inside and outside the 
sealing body is slit in predetermined positions at predeter 
mined intervals to form branch pieces of a predetermined 
Width. That is, in the portion of the source and drain 
electrode plates projecting from the sealing body, slits are 
formed at predetermined intervals to form branch pieces of 
a predetermined Width. Ends (branch ends) of the branch 
pieces form surface mounting terminals. 

[0035] In the second electrode plate portion (drain elec 
trode plate portion) of the second lead frame covered With 
the sealing body, side edges of the upper surface of the 
second electrode plate in contact With the sealing body are 
formed loWer than the other portion of the upper surface for 
example by etching or using a press machine to form 
depressions to Which side edges of the electrode plate are 
opened. For example, by extrusion using a press machine, 
depressions are formed in at least a part of the branch 
starting portions of the branch pieces and also in electrode 
plate edge portions each extending betWeen adjacent branch 
pieces. In this case, the opposite surface portions of the 
electrode plate corresponding to the depressions are pro 
jected. Further, by etching to a predetermined depth on the 
upper surface side, depressions are formed in side edges of 
the drain electrode plate. 

[0036] The folloWing is a brief description of effects 
obtained by the typical modes of the present invention as 
disclosed herein. 

[0037] According to the above means (1), (a) the semi 
conductor device has a drain electrode plate Whose upper 
surface is exposed to the upper surface of the sealing body. 
The semiconductor chip is connected to the drain electrode 
plate through the back electrode of the chip. The back 
electrode is of about the same siZe as the semiconductor 
chip. As a result, heat generated in the semiconductor chip 
can be transferred effectively to the drain electrode plate. 
Therefore, by attaching a heat dissipating member to the 
drain electrode plate, the heat can be dissipated effectively to 
the exterior and hence it is possible to provide a semicon 
ductor device and a semiconductor package (i.e., an elec 
tronic device) both superior in heat dissipating performance. 
Even Without a heat dissipating plate, the heat can be 
dissipated into the atmosphere from the Wide surface of the 
drain electrode plate. 

[0038] According to the structure of the semiconductor 
device, heat is dissipated from the upper surface side of the 
sealing body, so that no consideration is needed to the 
dissipation of heat to the mounting substrate as in the prior 
art and a mounting substrate of a special speci?cation for 
improving the thermal conductivity, Which is high in cost, 
not needed. As a result, it is possible to reduce the packaging 
cost. 

[0039] (b) In manufacturing the semiconductor device 
With use of lead frames, the drain electrode plate portion 
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projecting to the exterior from the sealing body is formed in 
a gull Wing shape suitable for surface mounting. This gull 
Wing-shaped portion is slit into plural branch pieces (lead 
portions). Thus, the fabrication is easier than subjecting a 
single plate to the forming Work. As a result, there is 
obtained an effect that the forming Work can be done With a 
high accuracy Without causing damage to the connections 
(adhesive and salient gate and source electrode portions) 
betWeen the semiconductor chip and leads. More particu 
larly, as the drain electrode plate there is used a thicker plate 
than the source and gate electrode plates in order to decrease 
the electric resistance, so When the drain electrode plate is 
formed into a gull Wing shape, the bending Work is done at 
a larger load. As a result, a large stress is imposed on the 
drain electrode plate connected to the sealing body, the large 
stress acting in a direction in Which the drain electrode plate 
is pulled out from the sealing body, With consequent damage 
to the connections With the semiconductor chip. Damage of 
the connections is not desirable because it Would cause an 
increase of source-drain resistance Rds (ON). In the present 
invention, since plural slits are formed in the drain electrode 
plate formed in gull Wing shape to form plural branch pieces 
(leads), the application of a large load is not required in the 
forming Work. Consequently, a large stress is not imposed on 
the drain electrode plate in the forming Work and hence it is 
possible to prevent damage of the connections on the surface 
and back surface of the semiconductor chip. This is also true 
of the source electrode plate. Plural slits are formed in the 
source electrode plate to form plural branch pieces (leads), 
Whereby the forming Work can be done Without damage to 
the connections With the semiconductor chip. 

[0040] (c) Depressions are formed partially in the upper 
surface of the drain electrode plate positioned Within the 
sealing body and the resin Which forms the sealing body is 
buried into the depressions, Whereby, in the state of product, 
the drain electrode plate becomes dif?cult to fall off from the 
sealing body. In the semiconductor device manufacturing 
stage, the upper surface of the drain electrode plate posi 
tioned Within the sealing body is partially made loWer to 
form depressions and the back surface portions correspond 
ing to the depressions are projected to form projecting 
portions. As a result, in the stage Where the sealing body Was 
formed, the resin Which forms the sealing body gets into the 
depressions and the projecting portions bite into the resin. 
Consequently, the drain electrode plate is ?xed (locked) to 
the sealing body (resin). Therefore, the forming Work for the 
drain electrode plate can be done Without movement of the 
drain electrode plate relative to the sealing body and Without 
damage to the connections With the semiconductor chip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is a plan vieW of a semiconductor device 
according to a ?rst embodiment of the present invention; 

[0042] FIG. 2 is a perspective vieW shoWing an appear 
ance of the semiconductor device of the ?rst embodiment; 

[0043] FIG. 3 is a front vieW of the semiconductor device 
of the ?rst embodiment; 

[0044] 
[0045] FIG. 5 is a right side vieW thereof; 

[0046] 

FIG. 4 is rear vieW thereof; 

FIG. 6 is a bottom vieW thereof; 
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[0047] FIG. 7 is a sectional vieW taken along line A-A in 
FIG. 1; 

[0048] 
FIG. 1; 

[0049] FIG. 9 is a plan vieW of a drain electrode plate in 
the semiconductor device of the ?rst embodiment; 

FIG. 8 is a sectional vieW taken along line B-B in 

[0050] FIG. 10 is a front vieW of the drain electrode plate; 

[0051] FIG. 11 is a sectional vieW taken along line C-C in 
FIG. 9; 

[0052] FIG. 12 is an enlarged sectional vieW shoWing a 
part of a semiconductor chip incorporated into the semicon 
ductor device of the ?rst embodiment; 

[0053] FIG. 13 is a How chart shoWing a method of 
manufacturing the semiconductor device of the ?rst embodi 
ment; 

[0054] FIG. 14 is a plan vieW shoWing a part of a ?rst lead 
frame used in manufacturing the semiconductor device of 
the ?rst embodiment; 

[0055] FIG. 15 is a plan vieW shoWing a part of a second 
lead frame used in manufacturing the semiconductor device 
of the ?rst embodiment; 

[0056] FIG. 16 is a plan vieW shoWing a part of the second 
lead frame; 

[0057] FIG. 17 is a plan vieW of a drain electrode plate 
portion of the second lead frame; 

[0058] 
portion; 

[0059] 
FIG. 17; 

[0060] FIG. 20 is a schematic plan vieW shoWing a state 
in Which semiconductor chips are mounted on the ?rst lead 
frame in manufacturing the semiconductor device of the ?rst 
embodiment; 
[0061] FIG. 21 is a schematic plan vieW shoWing a state 
in Which drain electrode plates of the second lead frame are 
stacked and connected onto the semiconductor chips 
mounted on the ?rst lead frame in manufacturing the semi 
conductor device of the ?rst embodiment; 

FIG. 18 is a front vieW of the drain electrode plate 

FIG. 19 is a sectional vieW taken along line D-D in 

[0062] FIG. 22 is a schematic plan vieW shoWing a state 
in Which sealing bodies are formed in manufacturing the 
semiconductor device of the ?rst embodiment; 

[0063] FIG. 23 is a schematic diagram shoWing a state in 
Which marking is performed With a laser in manufacturing 
the semiconductor device of the ?rst embodiment; 

[0064] FIG. 24 is a partial, schematic front vieW shoWing 
a state in Which plural semiconductor devices of the ?rst 
embodiment are arranged orderly on a mounting substrate 
and a heat dissipating member is attached thereto; 

[0065] FIG. 25 is a partial, schematic plan vieW thereof; 

[0066] 
FIG. 24; 

FIG. 26 is a sectional vieW taken along line E-E in 

[0067] FIG. 27 is a partial, schematic plan vieW shoWing 
a state in Which plural semiconductor devices of the ?rst 
embodiment are arranged orderly on the mounting substrate; 
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[0068] FIG. 28 is a partial, schematic plan vieW showing 
a state in Which plural semiconductor devices of the ?rst 
embodiment are mounted orderly on the mounting substrate 
and are covered With an insulating sheet; 

[0069] FIG. 29 is a schematic enlarged sectional vieW 
shoWing a state in Which the semiconductor device of the 
?rst embodiment is mounted on the mounting substrate and 
the heat dissipating member is attached thereto; and 

[0070] FIG. 30 is a block diagram shoWing the construc 
tion of a part of an electronic device in Which the semicon 
ductor device of the ?rst embodiment is incorporated. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0071] An embodiment of the present invention Will be 
described in detail hereinunder With reference to the draW 
ings. In all of the draWings for explaining the embodiment, 
portions having the same functions are identi?ed by the 
same reference numerals, and repeated explanations thereof 
Will be omitted. 

First Embodiment 

[0072] FIGS. 1 to 12 are related to the structure of a 
semiconductor device according to a ?rst embodiment of the 
present invention. FIGS. 13 to 23 are related to a method of 
manufacturing the semiconductor device of the ?rst embodi 
ment. FIGS. 24 to 30 are related to a semiconductor device 
package structure as part of an electronic device in Which the 
semiconductor device of the ?rst embodiment is incorpo 
rated. 

[0073] In this ?rst embodiment, reference Will be made to 
an example in Which the present invention is applied to a 
poWer MOSFET device (semiconductor device). In the 
poWer MOSFET device is incorporated a semiconductor 
chip formed With a vertical poWer MOSFET. A source (S) 
electrode as a ?rst electrode and a gate (G) electrode as a 
control electrode are provided on a ?rst main surface of the 
semiconductor chip, While a drain (D) electrode as a second 
electrode is provided on a second main surface opposite to 
the ?rst main surface. The second electrode serves as a back 
electrode formed substantially throughout the Whole surface 
of the semiconductor chip. 

[0074] In appearance, as shoWn in FIGS. 1 to 6, the 
semiconductor device (poWer MOSFET device), indicated 
at 1, comprises a sealing body (package) 2 of a ?at qua 
drangular shape formed of an insulating resin and plural 
leads projecting side by side from both sides (side faces) of 
the sealing body 2. These leads projecting from both side 
faces are bent in one step to form gull Wing-shaped surface 
mounting terminals. 

[0075] As shoWn in FIGS. 2 and 5, four leads are pro 
jected from the right side face of the sealing body 2 and are 
arranged at predetermined pitches, although no limitation is 
made to this arrangement. These four leads serve as drain 
leads 3. LikeWise, four leads are projected from the left side 
face of the sealing body 2 and are arranged at predetermined 
pitches. Of these four leads, one lead located on this side is 
a gate lead 4 and the remaining three are source leads. The 
leads on both side faces of the sealing body 2 are arranged 
in corresponding relation to each other in a planar condition 
(see FIGS. 1 and 6). Further, as shoWn in FIG. 6, an index 
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6 for direction identi?cation is provided on a loWer surface 
of the sealing body 2. The index 6 is formed during 
formation of the sealing body 2 and is constituted by a 
circular depression formed in the sealing body 2. 

[0076] As shoWn in FIGS. 1, 7 and 8, the four drain leads 
3 extend from a Wide chip ?xing portion 3c Whose upper 
surface is exposed to an upper surface of the sealing body 2. 
The chip ?xing portion 3c and the drain leads 3 are here 
designated a drain electrode plate 3a. For the convenience of 
explanation, the chip ?xing portion 3c alone may be desig 
nated the drain electrode plate 3a. The drain electrode plate 
3a also serves as a heat sink for the dissipation of heat. As 
shoWn in FIG. 8, a second main surface of a semiconductor 
chip 9 is connected to a loWer surface of the drain electrode 
plate 3a through an adhesive 7. A back electrode (drain 
electrode) 10 of about the same siZe as a second main 
surface of a semiconductor chip, though not shoWn in FIG. 
8, etc., is connected to the second main surface of the 
semiconductor chip 9 (see FIG. 12). For electric connection 
betWeen the back electrode (drain electrode) 10 and the 
drain electrode plate 3a, an electrically conductive adhesive, 
e.g., Ag paste, is used as the adhesive 7. 

[0077] As shoWn in FIG. 1, a mark 11 is formed by 
concave and convex on an upper surface (exposed surface) 
of the drain electrode 3a (see FIG. 29). The mark 11 is 
formed by engraving the upper surface of the drain electrode 
plate 3a by the radiation of a laser beam. 

[0078] As shoWn in FIGS. 6 to 8, the gate lead 4 is 
contiguous to a gate electrode lead 4a disposed Within the 
sealing body 2, While the source leads 5 are contiguous to a 
Wide source electrode plate 5a also disposed Within the 
sealing body 2. Patterns of the gate electrode plate 4a and the 
source electrode plate 5a are indicated With dot-dash lines in 
FIG. 6 (see FIG. 14). As shoWn in FIGS. 7 and 8, salient 
gate electrodes 15 and salient source electrodes 16 are 
provided on a ?rst main surface of the semiconductor chip 
9. The salient gate electrodes 15 on the semiconductor chip 
9 are electrically connected to an upper surface of the gate 
electrode plate 4a, While the salient source electrodes 16 on 
the semiconductor chip 9 are electrically connected to an 
upper surface of the source electrode plate 5a. As shoWn in 
FIG. 6, slits 5e are formed at predetermined intervals on the 
source electrode plate 5a and are connected to the salient 
source electrodes 16 in Wide areas each formed betWeen 
adjacent slits 56. The gate electrode plate 4a is formed as a 
thin pattern. 

[0079] The structure of the semiconductor device 9 Will be 
described beloW brie?y With reference to FIG. 12. FIG. 12 
is an enlarged sectional vieW of a part of the semiconductor 
chip 9, shoWing a part of a vertical poWer MOSFET. 

[0080] The semiconductor chip 9 includes as a base com 
ponent an n+ type silicon semiconductor substrate 20 Which 
has an n' type epitaxial layer 21 on a main surface thereof. 
In the vertical MOSFET, When seen in plan vieW, a large 
number of cells (transistors) are arranged orderly. In the 
illustrated example, each transistor has a trench con?gura 
tion. A P' type channel (CH) layer 22 is formed in a 
predetermined region of the epitaxial layer 21 and a P- type 
Well layer 23 serving as a guard ring is formed along the 
outer periphery of the channel layer 22. A large number of 
trenches 25 are formed in the cell-forming region so as to 
extend through the channel layer 22. The trenches 25 are 
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formed also in the Well layer 23. The region between the 
trenches formed in the Well layer 23 and the cell-constituting 
trenches formed at the outermost periphery inside the 
trenches formed in the Well layer is an invalid region not 
used as cells. 

[0081] A polysilicon gate layer 26 serving as a gate 
electrode is formed Within each trench. Agate insulating ?lm 
27 is formed under the polysilicon gate layer 26. A P+ region 
28 is formed in a central surface portion of the channel layer 
22 surrounded With trenches. In the channel layer 22 of the 
cell region, an N+ type source region 29 is formed in a region 
from outside the P+ region 28 to trenches. The trenches, i.e., 
the gate insulating ?lm 27 and the polysilicon gate layer 26, 
are covered With an insulating ?lm 32 Which is provided 
selectively, and a source electrode 33 are formed on the 
insulating ?lm 32. In an aperture Where the insulating ?lm 
32 is not formed, the source electrode 33 is electrically 
connected to the P+ region 28 and the source region 29. 

[0082] In the region of trenches 25 positioned outside the 
invalid region, a thick insulating ?lm (LOCOS) 34 is formed 
contiguously to the gate insulating ?lm 27. Though not 
shoWn, the thick insulating ?lm 34 extends beyond the outer 
periphery of the Well layer 23. The polysilicon gate layer 26 
buried into the trenches 25 positioned outside the invalid 
region extends halfWay on the thick insulating ?lm 34 to 
form a peripheral gate Wiring 35. The peripheral gate Wiring 
35 and the thick insulating ?lm 34 are also covered With the 
insulating ?lm 32. A gate electrode 36 is formed from the 
insulating ?lm 32 onto the thick insulating ?lm 34. The gate 
electrode 36 is electrically connected to the polysilicon gate 
layer 26 through an aperture formed partially in the insu 
lating ?lm 32. Both source electrode 33 and gate electrode 
36 are formed by an aluminum ?lm. 

[0083] An insulating ?lm 37 is formed selectively on the 
?rst main surface of the semiconductor chip 9. The source 
and gate electrodes 33, 36 are selectively covered With the 
insulating ?lm 37. In an aperture Where the insulating ?lm 
37 is not formed, the salient source and gate electrodes 16, 
15 are formed on the source and gate electrodes 33, 36, 
respectively. The back electrode 10 as a drain electrode is 
formed throughout the Whole of the second main surface of 
the semiconductor chip 9. 

[0084] In this embodiment, the salient gate and source 
electrodes 15, 16 are formed by Wire bonding of gold Wires 
and subsequent tearing off of the Wires. HoWever, there may 
be used, for example, gold bump electrodes or solder bump 
electrodes. 

[0085] Such stud type salient electrodes (stud bumps) as 
the salient gate and source electrodes 15, 16 are formed by 
the folloWing method. For example, a Wire (gold Wire) is 
held by a tubular capillary and the tip of the Wire projecting 
from a loWer end of the capillary is sphered (made into a 
ball) by a sphering Work such as electric discharge. There 
after, the capillary is brought doWn toWard a salient elec 
trode-forming surface of a semiconductor Wafer to connect 
the Wire to an electrode While crushing the ball portion. 
Next, the capillary is raised and the Wire is clamped and 
pulled upWard, Whereby the Wire is broken and a nail 
head-like salient electrode (bump electrode) is formed. 
Thereafter, the semiconductor Wafer is divided longitudi 
nally and transversely to form semiconductor chips. 
[0086] The gate electrode plate 4a and the salient gate 
electrode 15 are directly connected With each other, but an 
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electrically conductive adhesive may be interposed betWeen 
the tWo to ensure the connection Where required. LikeWise, 
a like adhesive may be interposed betWeen the source 
electrode plate 5a and the salient source electrodes 16 to 
ensure the connection. 

[0087] Reference Will here made to an example of siZe of 
the semiconductor device 1 according to this ?rst embodi 
ment. As shoWn in FIGS. 1 and 3, the length a and the Width 
b of the sealing body 2 are 3.95 mm and 4.9 mm, respec 
tively. As shoWn in FIG. 5, the length c of each drain lead 
3 projecting from a side face of the sealing body 2 is 1.2 mm, 
the length d of each surface mounting terminal is 0.5 mm, 
and the thickness e of each drain lead 3 is 0.25 mm. Further, 
an end-to-end length f of lead is 6.1 mm. As shoWn in FIG. 
3, the height g of the semiconductor device is 1.1 mm and 
the length h up to the loWer end of lead projecting doWnWard 
from the loWer surface of the sealing body 2 is 0.07 mm. The 
thickness of each of gate and source leads is 0.2 mm. 

[0088] In this ?rst embodiment, the gate, source and drain 
leads are formed in gull Wing shape Which permits surface 
mounting. In the semiconductor device 1, importance is 
attached to ON resistance and therefore the drain electrode 
plate is formed thicker than the gate and source electrode 
plates in order to decrease the electric resistance. Conse 
quently, the forming load in the forming Work for the drain 
electrode plate becomes larger than that in the forming Work 
for the gate and source electrode plates and a stress acting to 
pull out the drain electrode plate sideWays of the sealing 
body 2 is generated in the forming Work after the formation 
of the sealing body. Consequently, there is a fear of damage 
to the connection betWeen the semiconductor chip and the 
drain electrode plate or the connections betWeen the semi 
conductor chip and the gate, source electrode plates. 

[0089] To avoid such an inconvenience, according to the 
semiconductor device 1 of this ?rst embodiment, in the lead 
frame used, plural slits are formed in the drain electrode 
plate Which is formed in gull Wing shape, to form plural 
branch pieces (drain leads), and then the branch pieces are 
subjected to a forming Work. In this Way the forming load is 
made small to prevent damage (cracking) of the adhesive 7 
Which connect the drain electrode plate 3a and the semi 
conductor chip 9. 

[0090] Since the forming Work is performed after forma 
tion of the sealing body 2, a certain consideration is given to 
the drain electrode plate 3a for enhancing the adhesion 
strength betWeen the drain electrode plate 3a and the resin 
Which forms the sealing body 2. This is for making the drain 
electrode plate 3a dif?cult to be pulled out from the resin 
Which forms the sealing body 2 and thereby preventing the 
exertion of a large force on the connection betWeen the drain 
electrode plate 3a and the semiconductor chip 3. 

[0091] FIGS. 9 to 11 illustrate the drain electrode plate 3a 
including drain leads 3 and removed from the sealing body 
2. As shoWn in FIG. 9, four drain leads 3 are projecting in 
parallel from one side of the chip ?xing portion 3c Which is 
quadrangular in shape. At side edge positions along the three 
sides of the chip ?xing portion 3c Where the drain leads 3 of 
the drain electrode plate 3a are not disposed, depressions 3d 
are formed by etching, the depressions 3d being open on the 
peripheral edge sides, or side edges, of the electrode plate, 
as shoWn in FIGS. 9 to 11. The depressions 3d are formed, 
for example, by etching the drain electrode plate 3a to about 
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half of the thickness of the drain electrode plate (see FIG. 
11). The depressions 3d are covered With the resin Which 
forms the sealing body 2, as shoWn in FIGS. 7 and 8. As a 
result, the adhesion strength (bonding strength) betWeen the 
drain electrode plate 3a and the sealing body 2 is enhanced. 

[0092] Further, depressions 3e are formed by extrusion 
using a press machine so as to be opened on an electrode 
plate peripheral edge side. The depressions 3e are each 
formed in at least a part of the branch starting portion of each 
branch piece (drain lead 3) and also in an electrode plate 
edge (edge of the chip ?xing portion 3c) extending betWeen 
adjacent branch pieces (drain lead 3). Because of extrusion 
using a press machine, the opposite surface portions of the 
drain electrode plate corresponding to the depressions 3e are 
projected to form projecting portions 3f. As shoWn in FIGS. 
7 and 8, the resin Which forms the sealing body 2 is ?lled 
into the depressions 36 to enhance the adhesion strength 
(bonding strength) betWeen the drain electrode plate 3a and 
the sealing body 2. Moreover, as shoWn in FIGS. 7 and 8, 
the projecting portions 3f bite into the resin Which forms the 
sealing body 2, Whereby the adhesion strength (bonding 
strength) betWeen the drain electrode plate 3a and the 
sealing body 2 is enhanced. 

[0093] As a result, in the forming Work for the drain 
electrode plate, such a large load as pulls out the drain 
electrode plate 3a from the sealing body 2 is no longer 
applied to the drain electrode plate, so that it is possible to 
prevent damage of the connection betWeen the drain elec 
trode plate 3a and the semiconductor chip 9 and the con 
nections betWeen the semiconductor chip 9 and the gate, 
source electrode plates 4a, 5a. 

[0094] Next, a method of manufacturing the semiconduc 
tor device according to this ?rst embodiment Will be 
described With reference to FIGS. 13 to 23. As shoWn in the 
How chart of FIG. 13, the semiconductor device 1 is 
manufactured through the steps of providing lead frames 
(S101), chip bonding (S102), connecting a heat sink (S103), 
forming a sealing body (S104), forming a mark (S105) and 
cutting and forming the lead frames (S106). 

[0095] In manufacturing the semiconductor device 1, a 
?rst lead frame 40 as shoWn in FIG. 14 and a second lead 
frame 50 as shoWn in FIG. 15 are provided. FIGS. 14 and 
15 are plan vieWs shoWing a part of the ?rst lead frame 40 
and a part of the second lead frame 50, respectively. In FIG. 
14 (15), a frame 43 (53) is formed by tWo outer frames 41 
(51) extending in parallel and tWo inner frames 42 (52) 
Which connect the outer frames 41 (51) With each other. 
Within the frame 43 (53) there are formed a total of four 
(tWo roWs><tWo columns) of lead patterns. Thus, With a 
single frame 43 (53), four semiconductor devices 1 can be 
manufactured. Further, guide holes 44 and 54 to be used for 
conveying and positioning the lead frames are formed in the 
outer frames 41 and 51, respectively. 

[0096] In the ?rst lead frame 40, tWo thin dam pieces 45 
are disposed betWeen the pair of outer frames 41. Plural lead 
portions (branch pieces) 46 extend in parallel from the pair 
of inner frames 42 so as to cross the dam pieces 45. In the 
illustrated example, four lead portions 46 are formed by 
forming three parallel slits in a ?at plate. A Wide electrode 
plate 47 is positioned on extensions of the lead portions 46 
and the lead portions 46 are contiguous to the electrode plate 
47. One lead portion 46 located at an end position is a 
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portion Which forms the gate lead 4, and the electrode plate 
47 contiguous thereto serves as the gate electrode plate 4a. 
In the gate electrode plate 4a there is formed a slit 4p 
extending halfWay from one edge to make the gate electrode 
plate 4a dif?cult to be pulled out from the sealing body, and 
a projecting portion is formed adjacent the slit. The salient 
gate electrodes 15 on the semiconductor chip 9 are con 
nected to the electrode plate 47 Which serves as the gate 
electrode plate 4a. 

[0097] The three adjacent lead portions are portions serv 
ing as source leads and the electrode plate 47 With the three 
lead portions 46 contiguous thereto is a portion serving as 
the source electrode plate 5a. The electrode plate 47 serving 
as the source electrode plate 5a is supported by a thin 
support piece 47a extending from the associated outer frame 
41 and is also supported by a thin support piece 47b 
extending from a front end portion of a support lead portion 
48 Which is located outside the four lead portions 46. Four 
slits 5e referred to previously are formed in the electrode 
plate 47 serving as the source electrode plate 5a. The portion 
deviated from the four slits 56 is a portion to Which the 
salient source electrodes 16 on the semiconductor chip 9 are 
connected. The ?rst lead frame 40 is a ?at plate. 

[0098] The semiconductor device of this ?rst embodiment 
is of the type Wherein a semiconductor chip With transistors 
incorporated therein is mounted. Gate and source electrodes 
are positioned on the ?rst main surface of the semiconductor 
chip, and in the ?rst lead frame 40 it is necessary to dispose 
an electrode plate Which is connected to the gate and source 
electrodes positioned on the ?rst main surface. To meet this 
requirement, the ?rst lead frame 40 has a plurality of (tWo) 
?rst electrode plates, one of Which is used as the gate 
electrode plate 4a and the other used as the source electrode 
plate 5a. In the case Where the semiconductor device is an 
integrated circuit device, a larger number of electrodes are 
disposed on the ?rst main surface of the semiconductor chip. 
In this case, there may be used a lead pattern in Which the 
number of ?rst electrode plates is increased in accordance 
With the number of the electrodes. For the convenience of 
explanation, each electrode plate and leads extending there 
from may together be designated the electrode plate. 

[0099] In the second lead frame 50, as shoWn in FIG. 15, 
a support piece 55 Which provides a connection betWeen the 
centers of the pair of outer frames 51 is provided. Four lead 
portions (branch pieces) 56 extend from each of both upper 
and loWer sides in the ?gure of the support piece 55. That is, 
four lead portions (branch pieces) 56 are formed by forming 
three parallel slits in a ?at plate. The lead portions 56 are 
portions Which serve as the drain leads 3. The lead portions 
56 are connected to the quadrangular electrode plate 57. The 
electrode plate 57 serves as the chip ?xing portion 3c. The 
second lead frame 50 is a ?at plate. 

[0100] FIG. 16 shoWs the support piece 55, as Well as the 
lead portions 56 (serving as the drain leads 3) and the 
electrode plate 57 (serving as the chip ?xing portion 3c) both 
contiguous to the support piece 55. In FIGS. 17 to 19 there 
are shoWn a single electrode plate 57 and lead portions 56 
contiguous to the electrode plate 57. Four drain leads 3 (lead 
portions 56) are projected in parallel from one side of the 
quadrangular chip ?xing portion 3c (electrode plate 57). In 
three side edges of the electrode plate 57 Where the lead 
portions 56 are not disposed, as shoWn in FIGS. 17 to 19, 










