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(54) [Name of Invention] Lead frame and its manufacturing method and resin-sealed semiconductor device

(57) [Summary] (with correction)

[Problems] In resin-sealed semiconductor devices, to
improve the bond strength and adhesion of the base and
sealing resin, and package sealability while realizing a
simple structure that effectively utilizes the base surface
area.

[Means of Solving the Problems] After punching
Through Hole 6 into Base 2, to press Straight Groove 7T,
including Long Groove 10 separating Die-Bonding Area
9 and Through Hole 6, at a position proximate to
Through Hole 6, and to press a loop stop that narrows
the opening at the edge of Through Hole 6. At least the
retaining portion was coated with a sealing resin, and
preferably the through hole was filled with resin to
improve the mechanical bond strength of the sealing
resin and Base 2. Straight Groove 7T was used for
stopping the die bond material, Through Hole 6 was used
for bolt insertion to simplify the process to improve
productivity with a minimum of two presses.

[Selected Diagram] Figure 1

(a)

(b)

]
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[Scope of Patent Claims]
[Claim 1]

A lead frame, wherein a die bond region is provided on a surface; through holes are punched outside of the said
die bond region on the said surface;

a long groove separating the said die bond region from the said through hole on the said surface is pressed; and it
consists of a base having the opening of the said through hole is narrowed by changing the form of the area between
the said long groove and the said through hole toward the through hole side to.

[Claim 2]

The lead frame of Claim 1, wherein the said through hole is a long hole in the longitudinal direction of the said
long groove when the aforementioned surface is viewed vertically. 10
[Claim 3]

The lead frame according to Claim 1 or Claim 2, wherein a groove is formed on the aforementioned base to stop
the efflux of the die bond material from the die bond region; and a portion of the said groove to stop the die bond
material is composed of the said long groove.

[Claim 4]

A method of manufacturing the lead frame, wherein the said manufacturing method consists of a first pressing
step for punching through holes in a base portion;

a second pressing process, after the first pressing step above, to machine a long groove on a surface of the said base
portion separating the through hole from an adjacent die bond area; and changing the form of the material of the base
portion between the long groove and the through hole, using a processing pressure to machine the material in the part 20
between the said long groove, toward the through hole side in order to narrow the opening in the through hole.

[Claim 5]

A method of manufacturing the lead frame, wherein the method consists of a first pressing step to punch through
holes in a base portion;

a second pressing process, after the first pressing step above, to machine a long groove on a surface of the said base
portion separating the through hole from an adjacent die bond area; and changing the form of the material of the base
portion between the long groove and the through hole, using a processing pressure to machine the material in the part
between the said long groove, toward the through hole side in order to narrow the opening in the through hole.
[Claim 6]

A resin-sealed semiconductor device, wherein it consists of a base on which a semiconductor die is die-bonded to 30

a surface;

a sealing resin attached to the said base to seal the semiconductor die;

the back surface of the base is exposed from the said sealing resin;

a through hole punched from the front surface to the back surface of the base is formed outside a die bonding region

of the semiconductor die;

a long groove is formed on the said surface separating the die bond area from the through hole;

the shape of the portion of the said base between the said long groove and the said through hole is changed toward

the through hole side in order to narrow the opening in the through hole; and

the sealing resin covers the portion between the aforementioned two parts.

[Claim 7] 40

The resin-sealed semiconductor device described in Claim 6, wherein the said through hole is a long hole in the
longitudinal direction of the aforementioned long groove when the surface is viewed vertically.

[Claim 8]

The resin-sealed semiconductor device described in Claim 6 or Claim 7, wherein the said groove to stop the afflux
of the die bond material from the die-bond area is formed on the said base area; and the shape of a portion of the said
groove to stop the afflux of the die bond material is changed by the said long groove.

[Claim 9]

The resin-sealed semiconductor device described in Claim 6, wherein the through hole is filled by the sealing 50
resin.
[Claim 10]

The resin-sealed semiconductor device described in Claim 6, wherein the said through holes are formed by
forming the aforementioned through hole and the through hole formed in the aforementioned sealing resin.

60
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[Detailed Description of the Invention]
[Technical Field]
[0001]
The present invention relates to a lead frame, methods of manufacturing the same, and a resin-sealed
semiconductor device.
[Prior Art]

[0002] 10

Among the resin-sealed semiconductor devices manufactured using lead frames, there is a so-called non-insulated
resin-sealed semiconductor device with a structure of exposing from the sealing resin the base (also referred to as die
pad or tub) on which a semiconductor die is die-bonded, as disclosed in Patent Literatures 1 to 4.

In the non-insulated type, the base can be acted as a heat dissipation plate to expose the base from the sealing resin
to the outside, increasing heat dissipation properties, but the bond strength and adhesion of the base and the sealing
resin tend to be severely reduced compared to the encapsulated type in which the base is wrapped with the sealing
resin.

[0003]

There were some indentations and grooves on the surface of the base, traditionally, in order to respond to such
problems (e.g., Patent Literatures 1, 2, and 3). 20

In the semiconductor device described in Patent Literature 3, a groove (Number 20 of the same literature) was
provided to surround the semiconductor element-fixed area in order to inhibit the staining of the components of the
die bond material (Paragraphs 0048 and 0049 of the same literature) and to improve the adhesion between the base
and the sealing resin (Paragraph 0050 of the same literature).

In the manufacturing method of the lead frame described in Patent Literature 5, the opening of the indentation
provided on the base surface was machined to be narrower than the interior of the indentation in order to improve the
adhesion with the resin.

[0004]

On the other hand, the non-insulated resin-sealed semiconductor device of Patent Literature 4 is attached to the
heat dissipation body via a perforated hole (through hole) provided in the base part and the mold part, using screws. 30

Even in the full-mold type, there was a through hole that penetrated the resin part and the base, being used as a
hole to insert a bolt (Patent Literatures 6 and 7).

[Patent Reference 1] Patent Publication No. 2003-273307

[Patent Reference 2] Patent Publication No. (Hei) 10-4170

[Patent Literature 3] Patent Publication No. 2002-261187

[Patent Literature 4] Utility Model Patent Publication No. (Hei) 6-55261

[Patent Literature 5] Patent Publication No. (Hei) 7-161896

[Patent Literature 6] Patent Publication No. 2001-68612

[Patent Literature 7] Patent Publication No. (Hei) 5-283574

[Disclosure of the invention] 40
[Problems to Be Solved by the Invention]

[0005]

When etching is used in the manufacture of lead frames, productive machining is desired as a number of processes
such as mask manufacture are required.

Since the material is compressed and deformed when pressing indentations, there is a limit to forming large and
deep indentations, and since the amount of resin filled into each indentation is small, a large number of indentations
must be formed to increase bond strength. Even if a large number of indentations are unnecessarily provided, if die-
bond materials, etc. are filled into the indentations before the resin sealing process, there is no effect on bonding with
the resin, whatsoever. 50

When the initial dimple is pressed to form according to the lead frame manufacturing method described in Patent
Literature 5, the peripheral edge of the initial dimple is processed and hardened due to compression, occasionally
making machining of the second dimple difficult. In addition, since it requires two pressing processes, a design for
high productivity is desired.
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Based on the above, there is a risk that the strength of the base and the sealing resin, and the bond strength of the
base and the sealing resin may not be obtained sufficiently and that the utilization efficiency of the surface area of
the base may be reduced. In addition, lead frame productivity may be reduced.

[0006]

In the resin-sealed semiconductor device described in Patent Literature 4, the interface surface of the base and the
sealing resin is exposed at the through hole for mounting screw insertion, but erosion and peeling from this exposed
interface surface is a problem. As a result, the path from this exposed interface surface to the semiconductor die 10
becomes relatively short, making it more likely for moisture to come through the path to reach the semiconductor die.

[0007]

The present invention is made in light of the above problems explained in the Prior Art in order to improve the bond
strength, adhesion, and package sealing of the base and the sealing resin while realizing a simple structure that
effectively utilizes the surface area of the base in resin-sealed semiconductor devices.

[Means for Solving the Problems]

[0008]

The present invention described in Claim 1 for solving the above problems is a lead frame,

wherein a die-bonding region is provided on a surface, and through holes are punched out of the die-bonding region
on the surface; 20
a long groove separating the die-bonding region from the through hole on the surface is pressed;

a base is included, in which the opening of the aforementioned through holes is made narrower by changing the shape
of the portion between the said long groove and the said through holes toward the said through hole side.

[0009]

Therefore, according to the invention described in Claim 1, due to the opening of the through hole that has been
punched is made narrower, if the sealing resin is cured within the through hole, the sealing resin becomes difficult to
escape from the through hole, i.c., the portion the shape of which has been changed between the long groove and the
through hole provides an anchoring effect as a stopper. As the seal resin and the base are joined also inside the
through hole, the bond strength and adhesion between the seal resin and the base are improved.

By coating the portion the shape of which has been changed between the long groove and through hole with the 30
sealing resin, even if it is applied to the back-exposing non-insulated package, a long path can be provided between
the exterior along the interface surface of the base and the sealing resin and the semiconductor die. This, in addition
to the above-described improvement of bond strength and adhesion, improves the sealability of the package. From
the viewpoint of bond strength and sealability, it is preferable to cover the entire through holes’ inner surface with
the sealing resin. Further, it is preferred to fill the through holes without leaving any gap.

The through holes of the base can be easily formed to any size by punching, and the edges of the through holes
are also less process-cured, making the secondary process easier. If the long groove is pressed after the through hole
is formed, the long groove may also be pressed in proximity to the through hole in order to change the shape of the
part between the long groove and the through hole toward the through hole side to make the opening of the through
hole narrower. This allows for simultaneous processing of the long groove and the portion between the long groove 40
and through hole, thereby improving lead frame productivity.

The number of through holes may be one or more than 2, but increasing by even one may provide high bond
strength.

The long groove can stop the efflux of die bond materials such as solder, resin paste, etc. during the die bonding
process. Moreover, as it separates the die-bonding area from the through hole, it prevents the die bond material from
flowing into the through hole. Since there is no bottom in the through holes, such material is difficult to collect even
if the die bond material flows into the through hole. As long as the long groove is not filled with die bond material,
etc., the long groove is filled with the sealing resin during the resin sealing process. Therefore, after sealing with resin,
the long groove helps improve the bond strength and adhesion between the sealing resin and the base. 50

Since the through holes of the base are also used as holes to insert bolts for mounting purposes, a package with
good functionality and performance can be manufactured productively with a simple structure. Moreover, holes to
insert bolts refer to through holes into which the shaft of the bolts can be inserted.
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[0010]

The present invention according to Claim 2 is the lead frame according to Claim 1, wherein the through hole is a
long hole in the longitudinal direction of the long groove when the aforementioned surface is viewed vertically.
[0011]

Therefore, according to the present invention described in Claim 2, since the through hole is a long hole in the
longitudinal direction of the long groove, it is possible to form a wide stopper in the portion between the long groove
and the through hole. Therefore, the bond strength and adhesion of the seal resin and the base can be improved.
[0012]

The present invention according to Claim 3 is a lead frame according to Claim 1 or Claim 2, wherein a groove is 10
formed on the base in order to stop the die bond material from the die bonding area, and a portion of the groove to
stop the efflux of the die bond material is composed of the long groove.

[0013]

Therefore, according to the present invention described in Claim 3, there is no need to separately provide the said
long groove and the said groove to stop the efflux of the die bond material. Therefore, the structure becomes simple,
the process becomes also common, and productivity is improved.
Preferably, the groove to stop the efflux of the die bond material is in a closed ring shape surrounding the die 20
bonding area. This is due to the die bond material has good stopping properties. Even if there is a partial break, if
the corners are far from the center, sufficient stoppability can be obtained.
[0014]
The invention described in Claim 4 includes a first pressing process for punching through holes in the base portion;
and a second pressing step, after the first pressing step, comprising of pressing a long groove on a surface of the base
portion separating the through hole and an adjacent die-bonding area, and changing the shape of the structure of the
base portion between the long groove and the through hole toward the through-hole side in order to narrow the
opening of the through hole by means of a processing pressure to machine the long groove.
[0015] 30

Therefore, according to the present invention described in Claim 4, a lead frame having a through hole in the base
for die-bonding a semiconductor die, having a reshaped portion for preventing seal resin from falling out at the edge
of the through hole, and having a long groove separating the through hole from the die-bonding area can be produced
by completing two pressing steps. The press molding of other parts may be performed concurrently with the first or
second pressing step.

[0016]

The present invention according to Claim 5 includes a first pressing process in which a through hole is punched
out in the base portion; 40
and a second pressing step, after the first pressing step, comprising of pressing a long groove on a surface of the base
portion separating the through hole and an adjacent die-bonding area, and changing the shape of the structure of the
base portion between the long groove and the through hole toward the through-hole side in order to narrow the
opening of the through hole by means of a processing pressure to machine the long groove.

[0017]

Therefore, according to the present invention described in Claim 5, a lead frame having a through hole in the base

for die-bonding a semiconductor die, having a reshaped portion for preventing seal resin from falling out at the edge

of the through hole, and having a long groove separating the through hole from the die-bonding area can be produced

by completing two pressing steps. The press molding of other parts may be performed concurrently with the first or
second pressing step. 50
[0018]

The invention according to Claim 6 is a resin-sealed semiconductor device, wherein it includes a base in which a
semiconductor die is die-bonded to a surface;

a sealing resin is attached to the base in order to seal the semiconductor die;
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the back surface of the base is exposed from the sealing resin; and
a through hole is punched from the front surface to the back surface of the base outside of a die-bonding region of
the semiconductor die;
a long groove is formed on the surface separating the die-bonding area and the through hole;
the opening of the through hole is narrowed by reshaping the said a portion between the long groove and the through
hole of the base toward the through-hole side;
and the said sealing resin coats the said portion between the aforementioned two portions.
[0019]
Therefore, according to the present invention described in Claim 6, as the portion between the long groove and the 10
through hole is reshaped toward the through-hole side in order to narrow the opening of the through hole, making it
difficult for the sealing resin to escape from the through hold. In other words, the reshaped portion between the long
groove and the through hole provides an anchoring effect as a stopper. Since the sealing resin and the base are joined
even inside the through holes, the bond strength and adhesion between the seal resin and the base are improved.

As the sealing resin covers the reshaped portion between the long groove and the through hole, a longer path can
be formed from the exterior along the bonding surface of the base and the sealing resin to the semiconductor die, and
this, in addition to the above-mentioned improvement in bonding strength and adhesion, improves the sealability of
the package. From the viewpoint of bond strength and sealability, it is preferable to cover the entire through holes’
inner surface with the sealing resin. Further, it is preferred to fill the through holes without leaving any gap.

Since the back surface of the base is exposed from the sealing resin, the base acts as a heat dissipation plate, 20
improving heat dissipation.

The through holes of the base can be easily formed to any size by punching, and the edges of the through holes
are also less process-cured, making the second processing easier. If the long groove is pressed after the through hole
is formed, the long groove may also be pressed in proximity to the through hole to reshape the part between the long
groove and the through hole toward the through hole side to make the opening of the through holes narrower. This
allows for simultaneous processing of the long groove and the portion between the long groove and through holes,
thereby improving lead frame productivity. 30

The number of through holes may be one or more than two, but increasing by even one provides sufficient bond
strength.

The long groove can stop the efflux of die bond materials such as solder, resin paste, etc. during the die-bonding
process, and it separates the die bonding area from the through holes, preventing the efflux of the die bond material
into the through holes. Since there is no bottom in the through hole, it is difficult to collect even if die bond material
flows into the through hole. As long as the long groove is not filled with a die bond material, etc., the long groove is
filled with the sealing resin during the resin-sealing process. Therefore, after resin sealing, the long groove helps
improve the bond strength and adhesion between the sealing resin and the base. 40
[0020]

The present invention according to Claim 7 is a resin-sealed semiconductor device according to Claim 6, wherein
the through hole is a long hole in the longitudinal direction of the long groove when the surface is viewed vertically.
[0021]
Therefore, according to the present invention described in Claim 7, since the through hole is a long hole in the
longitudinal direction of the long groove, it is possible to form a wide stopping part in the portion between the long
groove and the through hole. As a result, the bond strength and adhesion of the seal resin and the base can be improved.
[0022]

The present invention according to Claim 8 is a resin-sealed semiconductor device according to Claim 6 or Claim
7, wherein a groove is formed on the base in order to stop the efflux of the die-bond material from the die-bonding 50
area, and a portion of the groove to stop the efflux of the die-bond material is composed of the long groove.
[0023]

Therefore, according to the present invention described in Claim 8, there is no need to separately provide a long
groove and a groove to stop the efflux of the die bond material. Therefore, the structure becomes simple, and the
process becomes common, and productivity is improved.

Preferably, the groove to stop the efflux of the die-bond material is in a closed circular shape surrounding the die-
bonding region. This is due to the die bond material has good stopping properties. Even if there is a partial break, if
the corners are far from the center, sufficient stoppability can be obtained. 60
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[0024]

The present invention described in Claim 9 is a resin-sealed semiconductor device according to Claim 6, wherein

the through holes are filled with the said sealing resin.

[0025]

Therefore, according to the present invention described in Claim 9, the through holes are filled with the sealing resin,
making it difficult for the sealing resin to escape from the base when a gap is left in holes to put bolts through in the
through holes of the base. Moreover, even in small through holes, the bonding strength and adhesion of the sealing

resin and the base may be good.

[0026] 10

The present invention according to Claim 10 is a resin-sealed semiconductor device according to Claim 6, wherein
through holes are formed by forming the said through holes and through holes in the said seal resin.

[0027]

Therefore, according to the present invention described in Claim 10, at least one through hole is formed by forming
one through hole at the base and the through hole provided in the sealing resin. This can be used for inserting bolts
through, etc., and a package with good function and performance can be made productively with a simple structure.
[Effects of the Invention]

[0028]

According to the present invention, as described above, in resin-sealed semiconductor devices, it has the effect of
being able to improve the bond strength, adhesion, and package sealing of the base and the sealing resin while 20
realizing a simple structure that makes effective use of the surface area of the base.

[Best form for implementing the invention]
[0029]

One embodiment of the present invention is explained below with reference to the drawings. The following is an
embodiment of the present invention, and it does not limit the present invention.
[0030]

[Lead frame]

First, the lead frame of this embodiment will be described with reference to Figures 1 and 2. Figure 1 shows Plan
View (c), Plan View (a) and Side View (b) of a lead frame of this embodiment. Figure 2 is a cross-sectional view of
A-A in Figure 1 (a). 30

As shown in Figure 1 (¢), Lead Frame 1 of this embodiment has a configuration in which a number of Bases 2 are
coupled to Rail 3 at Coupling Section 5. Rail 3 has Pilot Hole 4. Bases 2 are connected to Rail 3 through two
Coupling Sections 5 each and are aligned along Rail 3.

[0031]

Figures 1 (a) and (b) is a drawing of the minimum unit of Lead Frame 1.

As shown in Figure 1 (a), Die-Bonding Area 9 is provided on the surface of Base 2, and Grooves 7 (7T, 7L, 7R,
and 7B) are formed to stop the efflux of the die-bond material around it. Groove 7 to stop the die-bond material
consists of four Straight Grooves: 7T, 7L, 7R, and 7B.

In order to prevent the efflux of the die-bond material, it is preferable that the groove to stop the efflux of the die-

bond material is in a closed ring shape surrounding Die-Bonding Area 9. In the case of four Straight Grooves 7T, 40
7L, 7R, and 7B, as in the present embodiment, there are advantages such as that there are no diagonal lines or curved

parts, making it easy to create a mold for press molding.

[0032]

Through Hole 6 is provided adjacent to Die-Bonding Area 9. As shown in Figure 2, Through Hole 6 is provided
to communicate with Surface 12 provided with Die-Bonding Area 9 and Back Surface 13 thereof. Straight Groove
7T exists, constituting Groove to stop the efflux of the die bond material 7 is interposed between Through Hole 6 and
Groove to stop the afflux of bonding area 9. A portion of the center of Straight Groove 7T is a long groove 10 that 50
separates Die-Bond Region 9 and Through Hole 6. As shown in Figure 2, the shape of Stopping Part 11 between
Long Groove 10 and Through Hole 6 is changed toward the Through Hole 6 side to make the opening on the Surface
12 side of Through Hole 6 narrower, thereby providing the anchoring effect of the sealing resin.

Through Holes 6 is formed by a punching process, and it is a hole perpendicular to Front Surface 12 and Back
Surface 13, continuing in the right angle from Front Surface 12 to Back Surface 13, except for the post-processed
Stopping Part 11.
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[0033]
Through Hole 6 is long in shape in the longitudinal direction of Long Groove 10. For example, Through Hole 6 is
formed long in the longitudinal direction of Long Groove 10 by making Through Hole 6 oval, matching its
longitudinal direction to the longitudinal direction of Long Groove 10, or by making Through Hole 6 rectangular
parallel to Long Groove 10. In the latter case, you can round the corner of the rectangle. The longitudinal ends of
Through Hole 6 may also be in a semi-circular shape. The edge of the side proximate to Long Groove 10 of Through
Hole 6 is a straight line or in a large R shape close to a straight line.
[0034]
Preferably, Long Groove 10 is provided along Through Hole 6 from the longitudinal end to the end of Through Hole 10
6. This is to make Stopping Part 11 between Long Groove 10 and Through Hole 6 as long as possible. Even if the
width of Die-Bonding Area 9 is small relative to the width of Through Hole 6, therefore allowing Straight Groove
7T to be shorter than Through Hole 6 to constitute Groove to stop the die-bonding material 7, Long Groove 10 extends
along Through Hole 6 from the longitudinal end to the end of Through Hole 6.
Long Groove 10 does not necessarily need to be linear, and as a result of making the spacing with Through Hole 6
constant, it may be a splicing of curves with curves or straight lines. In order to make the thickness of Stopping Part
11 that is easy to process, the spacing between Long Groove 10 and Through Hole 6 is set narrow to a certain degree.
A plurality of Circular Grooves 8 are provided on both sides of Through Hole 6.
[0035]
Regardless of Lead Frame 1 of the present embodiment described above, there may be various forms such as one 20
with other lead members connected, one with two or more rails, one that connects the outer leads to the base, etc.
[0036]

[Method of manufacturing lead frames]

Next, the method of manufacturing Lead Frame 1 is explained below. Lead Frame 1 is made by pressing a metal
sheet such as copper or copper alloy, and applying nickel plating, etc. to the surface.

In the present embodiment, it is made by completing two pressing steps: a first press step and a second press step.

In the first pressing process, the metal sheet of the material is pressed using a press mold, and the unnecessary part is 30
punched out. In the first pressing step, Through Holes 6 shown in Figures 1 (a) and (c) are always punched. Form

other external shapes and holes. Outline and hole parts other than Through Holes 6 may be processed in the next
second pressing step.

[0037]

During the second pressing step, the material processed by the first pressing step is pressed by other pressing
molds to mainly providing grooves on the surface. Long Groove 10 shown in Figure 1 (a) and Stopping Part 11
shown in Figure 2 are always processed in the second pressing step. Straight Grooves 7L, 7R, and 7B, and Section
Groove 8 may be processed in the first press process. Since Long Groove 10 is part of Straight Groove 7L, it is better
to process the entire Straight Groove 7L during the second pressing step. Similarly, if the groove to stop the efflux 40
of the die bond material is formed in a closed ring shape, it is better to process the entire groove to stop the efflux of
the die bond material during the second pressing step.

[0038]

In the second pressing step, Long Groove 10 is positioned in some proximity to Through Hole 6, and Stopping
Part 11 is pressed at the same time as the formation of Long Groove 10. In the present embodiment, Straight Groove
7T is in a V-valley shape. By pushing the bulged part of the corresponding cross-sectional inverse triangle of the
press mold into a position proximate to Through Hole 6, the thin Stopping Part 11 is bent and reshaped for it to lean
toward the Through Hole 6 side. This makes the opening of Through Hole 6 on the Surface 12 side narrower. 50

Without limited to the cross-sectional inverse triangular shape, any press mold may be used that corresponds to
the desired shape of Stopping Part 11. For example, a press mold may be applied in which the portion of Straight
Groove 7T corresponding to Long Groove 10 is extra bulged on the through-hole side than the portion corresponding
to the other portion.
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[0039]
[Resin-sealed semiconductor device]

The resin-sealed semiconductor device of this embodiment will then be described with reference to Figures 3 and
4. Figure 3 shows Plan View (a) and Side View (b) of the resin-sealed semiconductor device of this embodiment;
Figure 4 shows a circuit diagram of the resin-sealed semiconductor device of the present embodiment.

Semi Resin-Sealed Conductor Device 20 of this embodiment is sealed with resin by assembling the two
Semiconductor Dies 21 and 22, each configured with a single diode, using Lead Frame 1 described above. As shown
in the schematic diagram in Figure 4, a circuit connecting the cathode K of two Semiconductor Dies 21 and 22 is
configured. 10
[0040]

The rear surfaces on which the cathode K of Semiconductor Dies 21 and 22 are configured are die-bonded to Die-
Bonding Area 9 of Base 2. This causes the cathode K of Semiconductor Dies 21 and 22 to be electrically connected
through Base 2.

Each of Leads 23 and 24 is connected to Anode Terminals A1 and A2 on the surfaces of Semiconductor Dies 21
and 22.

The inner ends of Semiconductor Dies 21 and 22 and Leads 23 and 24 connected thereto are resin-sealed with
Sealing Resin 25. Sealing Resin 25 adheres to and connects Surface 12 of Base 2, the side surface and the inner
surface of Through Hole 6.

Back Surface 13 of Base 2 is exposed from Sealing Resin 25. This is to ensure that the back surface of Base 2 20
adheres to the heat sink, etc. during mounting.

The top edge of the base is also exposed. This is to separate Coupling Part 5 shown in Figure 1 after implementing
resin-sealing.

[0041]

As shown in Figure 3 (b), the back side of the external terminal portion comprising the back side of Sealing Resin
25 and the back side of the outer ends of Leads 23 and 24 are configured on the same surface as Back Surface 13 of 30
Base 2. This is to mount the said sides flat to the circuit board. During the implementation, the external terminal,
which is the end of Leads 23 and 24 protruding from Sealing Resin 25, is connected to an electrode on the circuit
board, and Base 2 functions as a heat sink. Therefore, Back Surface 13 is secured in close contact with the good heat
sink.

[0042]

Figure 5 and Figure 6 are a B-B cross-sectional views of Figure 3 (a), showing different forms from each other.
[0043]

The form shown in Figure 5 is a structure in which Through Hole 6 is filled with Sealing Resin 25. Accordingto 40
this structure, the sealing resin in Through Hole 6 is unable to escape easily due to the presence of Stopping Part 11.

Thus, the mechanical bond strength of Base 2 and Sealing Resin 25 with respect to the vertical direction V shown in
the figure is improved.

In addition, the mechanical bond strength of Base 2 and Sealing Resin 25 with respect to the horizontal direction
H shown in the figure is improved by filling Through Hole 6 with Sealing Resin 25.

In addition to the mechanical bonding as described above, Sealing Resin 25 is also bonded to Base 2. If the
adhesive area is increased by increasing the number of Through Holes 6, this may improve bond strength.

[0044]

The form shown in Figure 6 is a structure in which Sealing Resin 25 is adhered to the entire interior surface of
Through Hole 6, and Through Hole 26 is configured in Sealing Resin 25 so as to pass through Through Hole 6. 50
According to this structure, the sealing resin in Through Hole 6 is unable to easily escape due to the presence of
Stopping Part 11. Thus, the mechanical bond strength of Base 2 and Sealing Resin 25 with respect to the vertical
direction V shown in the figure is improved.

In addition, the mechanical bond strength of Base 2 and Sealing Resin 25 with respect to the horizontal direction
H shown in the figure is improved by fitting Sealing Resin 25 inside Through Hole 6.
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In addition to the mechanical bonding as described above, Sealing Resin 25 is also bonded to Base 2. If the
adhesive area is increased by providing the number of Through Holes 6, this may improve the bond strength.
[0045]

In the structure shown in Figure 5, another through hole must be provided in Base 2 separate from Through Hole
6 in order to provide a through hole for a bolt to go through Base 2. However, in the structure shown in Figure 6,
Through Hole 26 can be utilized as a through hole for a bolt.

In the structure shown in Figure 6, the mechanical bond strength is reduced because there is a cavity inside Through

Hole 6 due to Through Hole 26. However, in the structure shown in Figure 5, a strong mechanical bond strength is
exerted in comparison. 10
In the structure shown in Figure 6, as Through Hole 26 passes through Through Hole 6, it is necessary to increase the
number of Through Hole 6 to obtain mechanical bond strength. However, in the structure shown in Figure 5, Through

Hole 6 can be small to obtain the mechanical bond of the equivalent strength.

[0046]

In order to obtain the mechanical bonding effect (“anchor effect”) as a result of Stopping Part 11, it is necessary
to form a resin in the N portion around Stopping Part 11, which is shown at least in the mid-dashed line in Figure 6.

By forming a resin in the F-section on the opposite side, the resin fits into Through Hole 6, further improving the
mechanical bond strength.

More preferably, the degree of the fit is improved by forming the resin continuously along the inner surface of
Through Hole 6 for one circumference. 20

More preferably, the bond strength is increased by applying the resin to the entire interior surface of Through Hole
6 (the structure shown in Figure 5 and Figure 6).

In addition, by making the resin in Through Hole 6 as a solid structure rather than a hollow structure, the
mechanical strength of the resin part and thus the bond strength are increased (the structure shown in Figure 5).
More preferably, the bond strength is increased by filling Through Hole 6 with resin (structure shown in Figure 5).
[0047]

Therefore, at the sacrifice of some bond strength for other purposes, a gap may be provided inside Through Hole 6,
exposing a portion of the inner surface of Through Hole 6.

Moreover, in addition to Stopping Part 11, a retaining structure may be additionally employed. However, the present
invention is not limited to the above embodiments. 30

The present invention has an effect that thermal stress can be reduced even when the lead frame of the present
invention is applied to the full mold.

After pressing Through Hole 6 and Long Groove 10, the same effect can be obtained by bending Stopping Part
11. However, the processing accuracy becomes more difficult to achieve. If Long Groove 10 and Stopping Part 11
are not pressed at the same time, the number of presses can be reduced by pressing Through Hole 6 and Long Groove
10 at the same time.

[Brief Description of the Drawings]

[0019] 40
[Figure 1] Plan View (c), Plan View (a) and Side View (b) of the lead frame of one embodiment of the present
invention.

[Figure 2] A-A Cross-sectional View in Figure 1 (a).

[Figure 3] Plan View (a) and Side View (b) of a resin-sealed semiconductor device of one embodiment of the present
invention.

[Figure 4] A circuit diagram of a resin-sealed semiconductor device of one embodiment of the present invention.

Figure 5] A form of a B-B cross-sectional view in Figure 3 (a).

Figure 6] Another form of a B-B cross-sectional view in Figure 3 (a).

Explanation of References] 50
0049]

1: Lead Frame; 2: Base; 6: Through Hole; 7 (7T, 7L, 7R, and 7B): Grooves to Stop the Die-Bond Material; 9: Die-

Bond Area; 10: Long Groove; 11: Stopping Parts; 21 and 22: Semiconductor Dies; and  25: Seal Resin

[
[
[
[
60
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the like so made are punishable by fine or imprisonment, or both, under 18
U.S.C. § 1001. I declare under penalty of perjury that the foregoing is true and
correct.
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EX1004, Page 14




JP 2006-5281 A 2006.1.5

(19) BFREREHFT (JP) 22 S 5 A |A) (1) s A RS
15882006-5281
(P2006-5281A)
(43 ABME FR18E1H5H (2006, 1.5)
(51) Int.CL. F1l F=7I2—F (%)
HO1L 23/48  (2006.01) HO1L 23/48 P 4M1009
HO1L 2328 {2006.01) HO1L 23/28 A 5F0687
HO1L 23/5 {2006.01) HO1L 23/50 A
HO1L 23/50 F
HO1L 23/50 U
SEEK KWK BREO® 10 OL (& 12 H)
(2l HEES $EE2004-182321 (P2004-182321) | (71) HEEA 000227928
(22) HEEH SERR16EE6H 21H (2004, 6. 21) BA 12—zttt

HRIRRETEE1 2 04 &
(74) I A 100090033
F#ELT T 1EA
(74 fREA 100093045
#EL WM RE
(72) BE 2B EM
HEIEEFHTERE 12048 BAA
v Z—HRAEHEN
FA—2 (%) 4M109 AADL BAOL CA21 DAO4 DAO7
DBO3 FAD3 FAD4
5F067 AAD3 AADG ABO1 ABIO BDO2
BEO2 CAO3 CBO8 DAOS DAl4
DEO8 DF20

(54) [FEADEBIR] ) — N7 L —ARUT OBUE B 13 e ft (E R Mkt B

GNHOOO0O ooooo
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0oo
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000
0oooooo

EX1004, Page 15



O I [ | O

O O

O 0Ooo0oooao

Ooo0oooogod

OooooooQgogoao

O
I e e e s e ) e e e [ I s s [y |

I e e e [ s e ) e e [ I s s [y |
I e e e e e s e ) e I e [ A s [y |
I e e e [ s e ) e I e [ A B s [y |
I e e e [ e ) e I e [ A sy [y |

O Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O Ooo0ooo
O Ooooo.o
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo.o
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
(]
O
O
(]
O
O
O
O
(]
O
O
O
O
(]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O0Ooo0oo0ooao

OoOoo0ooood
OOoo0o0oood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0oood
OoOoo0oo0oood
OoOoo0oo0oood
OoOoo0oo0oood
OoOoo0oo0oood

oo ooooogooQgg
oo ooooogooQgg
OooooooogooQgdg
OooooooogoQgg
OooooooogoQgdg
Ooo0ooooogogoQgodg
OooooooogogoQgg

O
O
O
O
O
O
O

(]

O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O 0Oooo

O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0ooOooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

(2)

O
O
O
O
O

JP

2006-5281

O
O
O
O
O

2006.1.5

10

20

O 0Ooo0ooo
O 0Ooo0ooo

30

40

50

EX1004, Page 16



O oOooo

O

Ooooooooogogogoo

O Ooogoo O

O
I e e e s e ) e e e [ I s s [y |

OO0 oDooooo o0 oo oooOo0 oo oo oogoQgooo
OO0 oo0ooooo o0 oo oooOo0 oo oo oogoQgooo
OO0 oDo0ooooo o0 oo ooo4o0 oo oo ooQgooo

Oooooooooooooo0ooDoooogooooao

Oooooooooooooo0ooDoooogogoooao
Oooooooooooao
Oooooooooooao

OoooooogoQgdg

oo ooooooQgogooQg
oo ooooooQgoogooQo

Oooooooo0ooDoooooooooodg

O0Ooo0oooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
(]
O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O
(]
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

OO0 ooooooogogoooo

O
O
O
O
O
O
O
O

OoooooogoQgg

Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogogoo
Ooooooooogoogogoo
Ooooooooogoogogoao
Ooooooooogoogogoao
Ooooooooogoogogoo
Ooooooooogoogoo

O0Ooo0oooao

OoooooogoQgdg

O
O
O
O
(]
(]
O
(]

O0Ooo0oo0ooao

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O

O0Ooo0oo0ooao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oooao

)

O

O0Ooo0oo0ooao

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O

O0Ooo0oo0ooao

O0Ooo0oooao

O0Ooo0oo0ooao

O o0Oooo
O o0Oooo
O o0Oooo

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Oo0oo0ooao

O
O
O
O

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

JP

O

O0Ooo0oo0ooao

2006-5281

goodad

O
O
O
(]
O

O
O
O
O
O

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Oo0oo0ooao
O0Ooo0oo0ooao
O0Oo0oo0ooao

O O
O O
O O
O O
O O

O

O0Ooo0oo0ooao

O O

2006.1.5

gooad

O
O
O
O

10

20

30

40

O0Ooo0oo0ooao
O0Oo0oo0ooao
O 0Ooo
O 0Ooo

O O
O O
O O
O O

50

EX1004, Page 17



O O

Oooooooooooooooooooogodg

I [ |

I [y | O O 0Ooo0ooo

O
I e e e s e ) e e e [ I s s [y |

OO0 oo ooooOoooooogoQgg
OO0 oDooooooooooogQgg
OO0 oo ooooOoooooogQgg

oo ooooooQgdg
oo oooooQgg
oo oooooQgodg
oo ooooooQgdg
oo oooooQgg
OoooooooQgog
OooooooooQgog
Oo0oooooooQgodg
oo oooooQgog

Oooooooo0oooooooDoDoDooooooDoooogoooao
Oooooooo0oooooooDoDoDooooooDoooogoooao
Oooooooo0oooooooooDoDooooooDoDooogoooao
Oooooooo0oooooooDoDoDooooooDoooogoooao

OooooooooQgogooQg
OooooooooQgogooQg
OoooooooQgoogooQg
OooooooogogooQg
OooooooogogooQg

O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo

OoOoo0ooood
OoOoo0ooood

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O Oooo

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

O
O
O
O
O
(]
O
O
(]
O
O

O Oooo

O 0Ooooo
O Ooooo
O 0Ooooo
O Ooooo
O 0Ooooao
O 0Ooooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoao
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooao
O 0Ooo0ooao

O O0ooo

O O0ooo

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]
O
O
O

O Oooo

O O0ooo

O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo

O O0ooo

O O0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooOoao
O Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

(4)

JP

2006-5281

O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

O O
O O
O O
O O
O O

O

O

O

2006.1.5

O
O
O
O

10

20

O 0Oooo
O 0Oooo

30

O 0Ooo0ooOoao
O 0Oo0ooOoao

O
O
O
O

40

O 0Ooo0ooao
O 0Ooo0ooOoao

O
O
O
O

50

EX1004, Page 18



O 0Ooo0oooao

OOoo0oooao

[ B R |

oo ooooooQgoooo

oo ooooooQgoooo

O
I e e e s e ) e e e [ I s s [y |

OO0 oo ooooOooooooo

Ooooooooooooooooooogdg
Ooooooooooooooogogoooodg

Oooooooogod
Oooooooogodg

O
O
O
O
O
O
O
O
O
O
O
O

OoooooooOoooooaoo
OoooooooOoooooao
OoooooooOoooooao
Ooooooooooooao

O
O
O

OO0 oo ooooOooooooo

oo ooooooQgogooQg
oo ooooooQgoogooQo

OO0 oo ooooOooooooo

OO0 oo ooooOoooooooo

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O
(]
O

O Ooooo
O Ooo0ooo
O 0Ooooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O Ooooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

O 0Ooooo
O 0Ooooo
O 0Ooo0ooo

I o A
Oo0Ooo0oo0ooao
Oo0Ooo0oooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0o0ooao
O0Ooo0o0ooao
O0Ooo0oooao
O0Ooo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
I o B
O0Ooo0o0ooao
O0Ooo0oo0ooao

O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O O0ooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

(]
O
O
O
O
O
O
(]
O
O
O
O
O
O
O

O O0ooo

O O0ooo

O 0Oooo

O O0ooo

O O0ooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O O0ooo

O 0Oooo

()

O
O

O
O

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O O0ooo

O 0Oooo

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooOoo
O 0Ooo0ooo
O Ooo0ooOoo
O 0Ooo0ooo
O Ooo0ooo
O O0oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0ooo

O O0ooo

O 0Oooo

O 0Oooo

O O0ooo

O 0ooo

O O0ooo

O O0ooo

O 0ooo

O 0Oooo

O 0ooo

O 0Oooo

O O0ooo

O O0ooo

O 0Oooo

O 0Oooo

O O0ooo

O 0Oooo

JP

O 0Oooo

O O0ooo

O 0Oooo

2006-5281

O
O
O
(]
O

O 0Oooo

O 0ooo

O 0Oooo

O O0ooo
O

O O0ooo
O 0ooo
O O0ooo
O O0ooo
O O0ooo

O 0Oooo
O 0Oooo
O 0ooo
O O0ooo
O 0ooo

O
O
O
O
O

O

O O0ooo

O 0ooo

2006.1.5

O
O
O
O

10

20

O O0ooo
O O0ooo
O O0ooo
O O0ooo

30

O 0ooo
O 0Oooo
O 0Oooo
O O0ooo

40

O
O
O

50

EX1004, Page 19



Oooooooogooooao

O O 0Ooooo O O Oooo

Oo0Ooo0oooao O 0Ooo0oooao

O0Ooo0oooao
I e e e s e ) e e e [ I s s [y |

I e e e [ s e ) e e [ I s s [y |
I e e e e e s e ) e I e [ A s [y |
I e e e [ s e ) e I e [ A B s [y |

oo ooDooooo o0 oo ooooooDoooogooQgoog

O Oooo

Oooooooooooooogogogooao

OooooooooQgooao
Ooooooooogoooo
Ooooooooogoooao
OooooooooQgooao
OooooooooQgoooao
OooooooooQgogooao
OoooooooQgooao
Ooooooooogoooao

O
O
O
O
O
]
O
O
O
O
O
O
]
O
O
O

O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

O 0Ooo0oooo

O 0Ooo0goooo
O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0goooo

O
O
O
O
O
O
O
O

O O

O Oooo

O Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0o oo

O 0o oo

0ooaogzao

O 0o oo

O
O
O
O
O
O
O
O

O 0o oo

O 0o oo

O 0o oo

O 0o oo

Ooooooogoogoo
Ooooooogoogoo
Ooooooogoogoao
Ooo0ooooogoogoao
Ooooooogoogoo
Ooooooogoogoo
Ooooooogoogoo
Ooooooogoogoao
Ooooooogoogoo
Oooooooogoo
Ooooooogoogogoo
Ooooooogoogoo
Ooooooogoogoao
Ooooooogoogoao

O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo

O 0Oooo

O 0o oo

O 0o oo

O 0o oo

O O0ooo

JP

O

O O0ooo

2006-5281

goodad

O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo

O
O
O
O
O

O O0ooo

O

2006.1.5

gooad

10

O O0ooo
O O0ooo
O O0ooo
O O0ooo

O 0Oooo
O 0Oooo

O
O
O
O

20

igoobooobooobooboobooobooaodan

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O 0o oo

O
O
O
O
O

O 0o oo
O 0o oo
O
O
O

O

30

40

O
O
O
O

50

EX1004, Page 20



O

O 0Oooo OoooooQgodg O 0Ooo0oooao

O O

O

Oooo0oooogod O 0Oooo

O 0Ooo0ooo

I e e e s e ) e e e [ I s s [y |
I e e e [ s e ) e e [ I s s [y |
I e e e e e s e ) e I e [ A s [y |
I e e e [ s e ) e I e [ A B s [y |
I e e e [ e ) e I e [ A sy [y |

O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oo0oooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooao
O 0Oo0oo0ooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Oo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O 0Oo0oooao
O 0Oo0oooao
O 0Oo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Oo0oooao
O 0Ooo0oooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0ooOooao
O 0Oo0oo0ooao

O

O 0Ooo0ooo

O 0o oo

O
O
O
O
O
O
O
(]
(]
O
(]

O
O
O
O
O
O
O
O
O
O
O

Oooooooogodg
Oooooooogod
Oooooooogdg
OoOoo0ooooao
OoOoo0ooooaoo
OoOoooooao
OoOoo0ooooaoo
OoOoooooaoo
OoOoo0oo0oooao
OoOoo0oo0oooaoo
OoOoo0oo0oooao
OoOoo0oo0oooaoo
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0ooooao

OoooooQgodg
Ooo0oooQodg
Ooo0oooQgodg
Ooo0ooooQgodg
OooooooQgodg
OooooooQgodg
Ooo0oooQgodg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O O0ooo

O Oooo

O 0Oooo

O 0o oo

O 0Oooo

O 0o oo

O 0o oo

OOoo0oo0oooao
OoOoo0ooooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oo0ooao
OOoo0oo0oooao
OOoo0oo0oooao
OOoo0oo0oooao
OoOoo0ooooao
OOoo0oo0oooao
OoOooOoo0oooao
OoOoo0oo0oooao

O 0o oo

O 0o oo

O 0o oo

O
O
O
O
O
O
O

)

O 0OooO0oooo
O 0Ooo0goooo
O 0Ooo0goooo

O
]
O
O
O

O
O
O

JP

2006-5281

O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

O
O

O
O

O

O

O

O

O

2006.1.5

O
O
O
O

O
O
O
O

20

30

O
O
O
O

O
O
O
O

40

O
O
O
O

50

EX1004, Page 21



OO0 oo ooooooooooogQgg

O O Ooo0oooao

OOoo0ooooao O Ooooo

O Ooogoo

O
I e e e s e ) e e e [ I s s [y |

oo ooooooQgog
oo oooooQgg
oo ooooooQgdg
oo ooooooQgdg
Ooooooodg
Ooooooodg
O oooooodg
Oooooooogdg
Ooooooodg
Ooooooodg
Oooooooodg
Oooooood
Ooooooodg
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Oooooood
Ooooooood
Oooooood

Oo0ooooooo0oooooooooooooQgoogoaoQg
Oo0ooooooo0oooooooooDoooogoogoaoQg
OoOoooooooooDoooooooDoooogoogoaoQg
Oo0ooooooooooooooooDoooogoogoaoQg

O
O
O
O
O
O
O
O

OooooooooooooogogQgdg
OooooooooooooogogQgdg
OooooooooooooogogQgdg
OooooooooooooogoQgdg

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0ooo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao

OooooooogoQgo™g
OooooooogQg™g
OooooooogQg-g
OooooooogoQg™g
OooooooogoQgdg
OooooooogQgQg
OooooooogooQg-g
OooooooogoQg™g
Oooooooogogo-d
OooooooogoQgdg
OooooooogooQgo™d
OooooooogooQgodg
OooooooogooQgo™g
OooooooogQgod
OooooooogooQgdg
Oooooooogoogo™g
OooooooogoQgdg
OooooooogoQg™g
OooooooogooQgd

O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Ooooooogdg

Oooooooodg

Ooooooogdg

O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0oono
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0oono
O Ooo0ooo
O Ooo0ooOoo

Ooooooodg

Oooooooo-g

Oooooooogdg

Ooooooogdg

Oooooooodg
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao

(8)

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O O0ooo
O 0ooo
O 0ooo
O 0Oooo
O 0Oooo

O0Ooo0oo0oo0oao

O0Ooo0oo0ooao

O
O
O

O0Ooo0oo0ooao

O0Ooo0oo0ooao

JP

O0Ooo0oo0ooao

2006-5281

O
O
O
O
O

O
O
O
O
O

O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Oo0oo0ooao
O0Ooo0oo0ooao
O0Oo0oo0ooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo

O O
O O
O O

O

O

O0Ooo0oo0ooao

O O

2006.1.5

O
O
O
O

O 0Ooo0ooo
O Ooo0ooo

10

O 0Oooo
O 0Oooo

O
O
O
O

20

30

O0Ooo0oo0ooao
O0Oo0oo0oo0oao
O 0Ooo
O 0Oooo

40

O 0Ooo
O 0Ooo

O O
O O
O O
O O

50

EX1004, Page 22



O Oooo O O

(]

O oOoooao O

O
I e e e s e ) e e e [ I s s [y |

oo oo oooo o0 ooooogogogoo
oo oo oooo o0 ooooogogooo
oo oo oooo o0 ooooogogooo
oo oooooo o0 ooooogogooo

O O0Oo0oo0oooao
O O0Oo0oo0oooao
O 0O0Oo0oo0oooao
O Ooo0ooooao
O Ooo0ooooao
O 0O0o0oo0oooao
O OoOo0ooooo
O 0Ooo0oo0oooao
O O0O0Oo0oo0oooao
O O0Ooo0ooooao
O Ooo0oo0oooao
O 0O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0O0Oo0oo0oooao
O 0O0Oo0oo0oooao
O O0Oo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0O0Oo0oo0oooao
O 0Oo0oo0oooao
O O0Ooo0oo0oooao
O O0Ooo0oo0oooao
O O0Ooo0oo0oooao
O O0Ooo0oo0oooao
O O0Ooo0oo0oooao

Oo0oooooooD oD oo ooo o0 oo ooooooDooogQgoo
Ooo0ooooooo0 oD oo ooo o0 oo oooo0ooDooogQgoo
O o0ooooooo0 oD oo ooo o0 oo ooooooDoooogQgoo
Oo0oooooo0 oD oo ooo o0 oo ooooooDoooogQgoao

OooooooQgg

Ooooooooogoogoooao
Ooooooooogooooo

O Ooooo
O Ooooo
O Ooooo
O Ooooo.o
O Ooooo
O Ooooo
O Ooo0ooo
O 0Ooo0ooo.o
O Ooo0ooo
O Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooo.o
O 0Ooo0ooao.o
O 0Ooo0ooo
O Ooo0ooao
O Ooo0ooo
O Ooo0ooao
O Ooo0ooo
O 0Ooo0ooo.o
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao

OooooooogoQgdg
OooooooogoQgdg
OooooooogoQgdg

O 0Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Oo0ooOoo

OooooooQgg

OooooooQgdg

O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

OooooooQgdg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OooooooQgdg

OoOoo0ooooao
Oo0Ooo0oo0ooao
O 0Ooo0oo0ooao
O0Ooo0oo0ooao
Oo0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
Oo0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O 0Ooo0oo0ooao

O
O
O
O
O
O
O
O

O
O
O
O
O
O

€))

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

O
O
O
O
O
O

O O0ooo

JP

O O0ooo

2006-5281

O
O
O
O
O

O O0ooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo

O O
[ |
[ |
[ |
[ |

O Ooo0ooo
O Ooo0oono
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0oono
O Ooo0ooo
O 0Ooo0ooo
O

O

O O0ooo

O

2006.1.5

O
O
O
O

10

20

O O0ooo
O 0Oooo
O O0ooo
O O0ooo

30

O
O
O
O

40

O

50

EX1004, Page 23



[ |

Ooo0oooogoQgoo

OOoo0ooood

O

Oooooooooooooogogogoao

I e [ e R e [ A Iy

o
O0OoOo0OooQgoOooOo-™d

Ooooooodg
Ooooooodg
Ooooooodg

OoOoooooo0ooooooo0 oo oooooD oo oDoooo0ooDoDoDooo0ooooodg
OoOooooooo0ooooooo0D oo oooooD oo oDoooo0ooDoDooooooooogdg

Oooooooo0ooooooo0o oo oooooDooDoooogogoooao
Oooooooo0ooooooo0 oo oooooDooDoooogoooao

O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo

Ooooooodg

Ooooooodg
I [ [ |
I [y |
I [y |
I [ [ |
I [y |
I [y
I [y |
I [ [ |
I [y |
I [ |
I [
I [y |
Iy |
I [y |
I [y |
I [ |
I [y |
I [y |
I [y |
I [y |
I [y
I [y |
O 0Ooo0gooo
I [y
I [

O
O
O
O

O
O
O
O

O
O
O
O

O
O
O
O

OooooooooQgooao
OooooooogoQgooao

O 0Ooooo
O 0Ooooo
O Ooooo

O

O

O

O

OooooooogoQgQg

OooooooogoQgQg

O
O

O 0Oooo

O
O
O

O
O
O

O

O 0Ooooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O

O

O

O 0Ooooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao

O
O

O
O

O
O
O
O
O

[ Ry |
I Ry |
[ Ry |
O OO
[ Ry |

O O
O O
O O
O O

[ |
[ |
[ |
[ |
[ |

O O
O O
O O
O O
O O

g..ooad
ooooad
..gooo

O
O
O
O

O
(]
(]
O
O
O
(]
O
O
O
O
(]
O
(]
O

O
O
O
O
O
O
O

O
O
O
O
O

O
(]
(]
O
O

O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
(]
(]
O
O

(10)

O

O
O
O
O
O
O
O
O

JP

O

2006-5281

goodad

O
O
O
(]
O

O
O
O

O
O
O
O
O

A 2006.1.5

gooad

O
O
O
O
O

40

ooooao
50

EX1004, Page 24



(11) JP 2006-5281 A 2006.1.5

gooad ugooad

(a) (b)

!
7 8 8
] 10
™~ 3
2. |

\m
—
N

)
5 5 5
g 11 Ei
6 2 12 13
# 8 RN

r:%:ﬁ 1
\ i 7T T |

-

1L 7R
9
< ]
7B
(c) 1
3
‘3 )
> o ®© o 0O 0O 0o 0O O O O
D206 0000 )00 Jac 0 14
éﬁ@@ﬁ&ﬂﬁ%
|
5J 2 \5
Oo0oo0oad O00ad
(a) 20 (b)

K 2
S 20 Wed

oooad

21

22

Al A2

EX1004, Page 25



gooad

25

(12)

JP 2006-5281 A 2006.1.5

EX1004, Page 26



	JP2006005281A_cert.pdf
	Document_2025-01-31_185306 signed 1
	Document_2025-01-31_185418 signed 2

	Iwamasa JP2006005281A.pdf
	bibliographic-data
	abstract
	claims
	description
	drawings




